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IMPACT OF IRRIGATION ON PRODUCTIVITY OF LAND 

A. Vaidyanathan, Asha Krishnakumar, A. Rajagopal, and D. Varatharajan 

Thnt irrigation makes a signgicant difference to productivity of lund is obvious enough. There is 
ampleevidence that yield ofparticular crops per unit area is invariably higher under irrigated than 
under rainfed cultivation; crop patterns on irrigated land are very different from those on unirrigated 
land; and irrigated land is  generally used more intensively through the year than unirrigated land. 
Expansion and improvement of irrigation i s  therefore considered to be the crucial. 'leading' input 
for raising agricultural productivity especially in countries like India where the scope for expansion 
of cultivation is practically exhausted. It is also generally known that the extent of the difference on 
these accounts taken individually and collectively i s  not uniform across space or over time; that it 
depends on the source of irrigation, the way water i s  managed, on the quality of seed varieties and 
level offirtiliser use; and that both the benejlts of irrigation and its costs also vary. 

I 
REVIEW OFPAST WORK 

There have been several attempts to assess the 
magnitude of irrigation impact on productivity, 
the variation therein andcauses thereof. Thesecan 
.be broadly divided into two categories. One 
relying on multiple regression analysis to esti- 
mate the extent to which variations in production 
per unit of area across space and time are 
attributable to variationsin the extent,and in some 
cases, quality of irrigation [Abbie et. al., 1982; 
Dhawan, 1988; Mahendra Dev, 1989; Ranade, 
1980; Rao, 1971; Vaidyanathan, 1980; and Vai- 
dyanathan and Mukherjee, 19891. The second 
seeking to direclly estimate the differences in the 
average total output per unit irrigated and unir- 
rigated area from available data, on land use, 
irrigated and rainfed area by crops and crop yields 
in specific projects and in different regions [For 
a summary of these studies see Dhawan, 1988 and 
Vaidyanathan, 19871. 

Regression Analysis 

A number of studies have used the multiple 
regression technique to assess irrigation impact. 
Abbie et. al. estimated a linear regression of total 
agricultural income across major states in 
1977-78 on rainfall, irrigated and unirrigated crop 

areas. Dhawan used the same technique (with 
fcrtilisers and time as additional explanatory 
variables) to estimate output per ha of irrigated 
area from time series data (1966-67 to 1978-79) 
for selected states in the Indo-Gangetic plain, 
south India and the Deccan plateau. Rao 
examined the relation between rateof agricultural 
growth and the increase in the irrigation during 
the 1950s across a cross section of states. Ranade 
was concerned with spatial variations in per 
hectare output and its relation to rainfall, irriga- 
tion ratio, fertiliser use per ha and crop pattern. 
For this purpose, districts were grouped into 56 
regions and the relation tested for three different 
points of time. 

The regressions in general confirm that the 
average output per irrigated hectare is higher than 
that of unirrigated areas and that the differences 
in irrigation ratio are a significant factor in 
accounting for variations in output per unit area 
to both across space and time. The regressions on 
cross-section data domuch bctter than time series 
and in the latter case where the dependent variable 
is aggregate output rather than per hectare output. 

However, there are a number of problems both 
in specifying the function relating output to inputs 
and estimating it. The Abbie model, for instance, 
implicitly assumes that production of irrigated 

This is the consolidated report on the study of productivity impact of irrigation conducted by the Madras Institute of 
Development Studies, as part of a largerprojecton Costs and Productivity of Irrigation sponsored by thePlanningCommission, 
Government of India. A. Vaidyanathan had the overall responsibility for the study. The work on regression analysis of district 
cross section data (section 2) was largely done by Asha Krishnakumar, that on time series analysis of district level data 
(section 3) by D. Varatharajan. ?he section on direct estimates of productivity of imgated and unirrigated areas at the state 
leveland analysis basedon that (section 4)is primarily the work of A. Rajaggak Both Asha Krishnakumar and A.Rajagopa1 
have contributed to the work on district level estimates for Tamil Nadu reported in Section 5. The integrated report has been 
written by A. Vaidyanathan based on the reports on different components of the study. 

We gratefully acknowledge the unstinting and efficient help of Mrs. P.S. Syamala in typing several drafts and carrying 
out several corrections and modifications. We would also like to acknowledge our debt to B.D. Dhawan, S. Janakarajan and 
S. Mahendra Dev for useful discussions at various stages of the study and for their comments on some of the earlier drafts. 
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and unirrigated l ~ d s  is the same across sta- 
teslregions - which is obviously difficult to rec- 
oncile with vast inter-regional differences in 
agro-climatic conditions. Dhawan's formulation 
for analysing time series data on the other hand 
is based on the equally questionable assumptions 
that unirrigated yield is  solely a function of 
rainfall and that all fertilisers are used on irrigated 
lands. (Interestingly, Dhawan daes not hesitate to 
use an essentially similar formulation as that of 
Abbie toestimate produc tivity of rainfed land and 
different categories of irrigated land from cross 
section data). The Ranade formulation has the 
advantage of focusing directly on overall pro- 
ductivity per unit area, but cannot capture the 
effect of irrigation on crop patterns, or of the level 
and efficiency of fertiliser use. In so far these 
indirect effects are important the regression 
would understate the impact of irrigation. Rao's 
assumption that agricultural productivity growth 
is a function of growth in irrigation ratio ignores 
the fact that some elements of bio-chemical 
technology are changing independently of irri- 
gation and that such changes (e.g,, HYV) affect 
both old and newly irrigated areas. 

In all cases, there is also the problem of deciding 
which inputs to includeand specifying the precise 
functional form of the relation to be estimated. 
Most of the studies referred to above focus on the 
rainfall, irrigation and fertilisersas the key inputs. 
Some studies use specifications which include 
human and animal labour, mechanical powcr, 
indices of inequality, tenancy, etc., among the 
explanatory variables [see e.g., Mukhopadhyaya, 
19761. The former is however to be preferred in 
as much as it focuses clearly on the bio-chemical 
determinants of land productivity and keep out 
other factors which have more to do with deter- 
mining the state of advance in biochemical 
technology and its diffusion, how much of the 
basic bio-chemical inputs are used, how the 
operations involved in their application and 
management are organised, and which forms of 
motive power are used in cultivation [see Vai- 
dyanathan, 1978 on this issue]. But the bio- 
chemical inputs include not only water and 
fertilisers, but the seed varieties used, efficacy of 
pest and disease control measures and the quality 
of irrigation. The care with which cultivation is 

done - and this is a function more of the intensity, 
timeliness and proper management of non-bio- 
chemical inputs - can also affect yields. 

Lack of data precludes all these inputs from 
being considered; but their omission makes the 
estimates subject to 'excluded variable bias'. 
Moreover convenience of estimation usually 
dictates assuming that the input-output relations 
are linear. But it is well known that there are 
non-linearities such as diminishing marginal 
product as the level of a particular input rises, and 
synergy between inputs (e.g., irrigation- 
fertilisers-HYV). And in time series estimation 
attempts to capture the effect of excluded vari- 
ables by including 'time' as a catch all factor gets 
into problem of multicollinearity. 

These complexities figure prominently in the 
literature on analysing the sources of growth and 
fluctuations in agricultural productivity [Cum- 
mings and Ray, 1969; Mukhopadhyaya, 1986; 
Raoet. al., 1989; Ray, 1977; Vaidyanathan, 1980; 
Vaidyanathan and Mukherjee, 19801. Data lim- 
itations, the multicollinearity problem and diffi- 
culties of capturing the complex inter-relations 
between thc various inputs and their yield impact 
are daunting. The best that can be done is to 
explore the relation between overall crop output 
per unit area and the level of rainfall, extent (and 
quality) of irrigation and fertiliser use. 

Direct Estimates 

Estimates of the productivity per unit irrigated 
and unirrigated land derived directly from data 
relating to area and yields of various crops are 
sought to be extended and refined. The ideal 
would be to compare actual output per hectare of 
cropped and cultivated area irrigated by specific 
irrigation projects over a period of years before 
and after the introduction of irrigation. A less 
satisfactory alternative is to compare the pro- 
ductivity in the command of particular systems 
with that of unirrigatcd areas in the vicinity. These 
have the advantage of controlling for climate and 
soil and also permitting comparisons between 
different types of systems (canal, tanks, 
canal+well, well) in a given area. But we have 
very few 'before and after' studies [e.g., Gadgil, 
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19481. Studies of the 'with and without' type are 
also rare For  a review see Dhawan, 1988; 
Vaidyanathan, 19871. 

The other way is to use the available estimates 
of irrigated and unirrigated areas under various 
crops ana their respective yields. These data 
collected and published by the Ministry of 
Agriculture, are available over a period of time, 
at the state level and at least for some states by 
districts. Dhawan [I9881 and Vaidyanathan 
[I9871 used these data for estimating the levels 
of productivity on irrigated and unirrigated areas, 
as well as the trends therein, for the major states. 
The assumptions and estimation procedures used 
by them however differ in important respects. 

Both classified crops into predominantly irri- 
gated and predominantly unirrigated; the total 
area under the former (latter) was assumed to be 
wholly irrigated (wholly rainfed) and the lverage 
overall yield of the crop taken as a reasonable 
approximation of irrigated (rainfcd) yields. 
However, in order to get aggregate output, Dha- 
wan used a concept of foodgrain energy equiv- 
alents (FlEES) based on calorie content of 
different crops. All foodgrains are assumed to 
have the same caloric value per unit. Calorie value 
of groundnut was taken at 120 per cent of food- 
grains, cane gur at 1 10 per cent and potatoes and 
bananas 25 per cent. Crops like cotton and jute 
which have little significance as source of calorie 
are assumed to produce the same calorie per ha 
as foodgrains and groundnut. 

The crops were grouped into five broad cate- 
gories. The difference between the estimated 
irrigated and unirrigated yield in each category 
(in terms of FEES) was weighted by its share in 
the irrigated crop pattern to get a measure of the 
increased productivity on irrigated land. The 
effect of differences in crop patterns are not taken 
into account. On the other hand, adjustments are 
made for differences between kharif, rabi and 
perennials in terms of 'output foregone from 
irrigated crop areas by not raising alternative dry 
crop' [For details see Dhawan, 1988, Ch. 3, 
especially Pp. 74-82]. 

Vaidyanathan [I9871 estimated the value of 
output per ha of irrigated and unirrigated areas on 

the basis of the average prices obtained by the 
producer in the market. Crops which are grown 
predominantly under irrigated (rainfed) condi- 
tions are taken as wholly irrigated (rainfed). In 
other cases, the ratio of estimated yield under 
irrigated and that obtained under unirrigated 
conditions, taken along the official estimates of 
crop-wise average yields and irrigated- 
unirrigated area distribution, were used to derive 
irrigated and unirrigated yields of each crop. The 
aggregate value of output (of the selected crops) 
per unit of irrigated areaand per unitofunirrigated 
area is then derived on the basis of average 
product prices of each crop as estimated by the 
CSO for computing national income. The dif- 
ference between irrigated and unirrigated pro- 
ductivity thus obtained reflects the effects of 
differences both in yields of particular crops and 
in the crop patterns in these two categoriesof land. 

Both studies give estimates of irrigated and 
unirrigated productivity across states at a point in 
time and their respective behaviour over time. 
Dhawan reports interstate variations in unirri- 
gated yield to be positively correlated and irri- 
gated yields as well as the difference between 
irrigated and rainfed yields to be negatively 
correlated to rainfall. But the statistical signifi- 
cance of the relation is not indicated. Adding 
fertiliser as an additional explanatory variable 
(assuming that a11 fertiiisers are used on irrigated 
land), 65 to 70 per cent of the variation in imgated 
yield and inigated - unirrigated differential is 
explained. Dhawan also fitted linear trends to the 
state level series of irrigated and unirrigated 
yields essentially to assess the role of irrigation 
in stabilising output. Thereis no discussion on the 
relative behaviour of irrigated and rainfed yields 
or their variation across states. Apart from the fact 
that linear trend is not appropriate i n  all cases, the 
estimatesreported in the book do not indicate the 
statistical significance of the coefficients, Vai- 
dyanathan found that in most states and in most 
districts in Tamil Nadu, irrigated yield shows a 
significant rising trend, while unirrigated yields 
were either stagnant or reducing in a majority of 
instances. 
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n 
OBJECflVES AND SCOPE THE PRESENT STUDY 

Regression Analysis 

This study seeks to refine and extend the anal- 
ysis using both the above approaches. The mul- 
tiple regression approach is applied at a more 
disaggregated level (namely districts) than in 
earlier studies which relate to the country as a 
whole or to states. An attempt is also made to see 
if the interactions between level of rainfall and 
irrigation, and yield response to irrigation can be 
captured by partitioning the districts into 'ho- 
mogeneous' categories. The possibilities of esti- 
mating these relations from district level time 
series are also explored at some length. 

Like earlier studies of irrigation impact, yield 
differences across space and time are viewed 
primarily as a function of rainfall, irrigation and 
fertilisers. Together they capture the essential 
elements of the agro-climatic environment and 
the biochemical technology affecting yields. Why 
the levels of irrigation and fertiliser use are what 
they are, and how effectively they are used, 
depends on numerous other factors (including 
relative prices, progress in biochemical technol- 
ogy, incidence and terms of tenancy, infrastruc- 
ture and the like) which can be studied separately. 
Since crop pattern is a function of soil moisture 
conditions (defined by rainfall and irrigation), 
there is no need to include the former as a separate 
variable especially when we are interested in 
assessing irrigation impact on productivity. 
Including crop pattern as a distinct variable will 
understate the impact of irrigation. This is evident 
from Mahendra Dcv's regression results which 
show that the coefficient for irrigation is much 
lower when crop pattern figures among the 
explanatory variables than when it is excluded 
[Mahendra Dev, 19893. 

For these reasons, it seems appropriate to view 
yields as a function of rainfall (R), the irrigation 
ratio (I) and fertiliser use per hectare (F). For 
purposes of this study, we postulate average crop 
yield to be a linear additive function of rainfall, 
irrigation ratio and fertiliser use per ha. 

This functional form - which is chosen partly 
for lack of data on other inputs and partly for 
convenience in estimation - implies that the yield 
response to each input is proportional to its level 
and independent of the level of other inputs and 
their impact on yield. These assurhptions are 
obviously open to question. However it may be 
possible to take care of the non-linearities and 
synergistic relations between inputs, when the 
relations are estimated at the level of distxicts. 
Given the large number of districts (over 200 in 
this exercise) for which the above relation can be 
estimated, we can classify them into groups 
homogeneous in respect of conditions of agri- 
culture. Since the soil moisture regime is known 
to be critical for fertiliser use and its effectiveness, 
as well as for the performance of HYVs, we use 
rainfall and the level of irrigation as the basis for 
stratifying districts into homogeneous groups. 
Unless fertiliser use is strictly complementary to 
rainfalyirrigation, comparison of the magnitude 
of yield impact of each one of these inputs under 
different agro-climatic conditions will enable us 
to judge whether the response to irrigation is 
systematically related to rainfall and whether 
response to fertilisers varies systematically with 
respect to rainfall and irrigaticn. 

Direct Estimates 

Estimates of the value of production per ha of 
the irrigated and rainfed areas are based on official 
data on land use, irrigation, crop patterns and 
yield. Productivity is measured in terms of market 
value of output per unit area. This a simpler 
measure, more comprehensive and also econo- 
mically more meaningful. The general approach 
is thesameas used in Vaidyanathan [I9871 except 
that the state level estimates cover a larger number 
of crops (23 as against 12 in the above mentioned 
paper). The district level estimates for Tamil 
Nadu cover a somewhat longer period, 
1970-1983. Variations in theabsolute and relative 
magnitudes of the difference between irrigated 
and rainfed productivity across states both at a1 
point of time and in their behaviour over time are 
highlighted. And an attempt is  made to explore 
some tentative explanations for these differences. 
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The study of Tamil Nadu districts covers some- statistics. We have confined analysis to 19 crops, 
what wider ground in attempting to explore the on the assumption that the overall irrigation ratio 
impact of irrigation on cropping intensity and and fertiliser useha (which cover a larger number 
crop patterns as well as on the absolute and of crops) give a reasonableapproximation of the 
relative yield levels of irrigated and unirrigated relative irrigation ratio and fertiliser use in respect 
areas. of the 19 major crops. We are grateful to 

We planned to Use the Cost of cultivation sur- Mahendra Dev for making this data available. The 
veys which collect detailed plot-wise information excludedsates am Assam, Bihar, Kenla, Jammu 
for a sample of farms and provide a potentially and Kashmir, Orissa and West Bengal. We have 
rich source for comparing differences in Pro- grouped the districts into three rainfall zones, 
ductivity of plots without irrigation and those namely, districts normal 
served by different sources of irrigation, as well below 750 mm; those with rainfall between 750 
as their relative behaviour during the last twenty and 1,050 mm; and those with more than 1,050 
Years. But access. to the .original schedules mm rainfall. Within each rainfall zone we further 
unfortunately remalns a serlous ~mpediment to distinguish between districts where the irrigation 
such an exercise. ratio is below average and those where it is above 

SCHEME OF THE REPORT average. In principle a further classification in 
each rainfall - irrigation ratio category by level of 

The details of the cross-section regression fertiliser use is possible. But we have not done 
analysis and the results are summarised in section this for two reasons: firstbecause it would reduce 
111 and those relating to the district level time the number of observations available in each 
series regressions in section IV; Section V pres- stratum; second, and far more important, the 
ents the estimates of irrigated and unirrigated nuuients used per hectare of gross cropped area 
productivity and their relative trends at  the state - which is the only information available - is not 
level; and section VI the results of the district level as easy to intevret as rainfall or inigation ratio. 
analysis for Tamil Nadu. The concluding section The average nuuient used per ha of area is 
summaries the main findingsand their limitations influencedby differences in the extent offertiliser 
and outlines the directions of further work. use between irrigated and rainfed land, the crop 

m patterns on these two categories of land and of 
CROSS S E c n o N  REGRESSIONS course the irrigation ratio itself. All these are 

Scope and Method highly variable across districts, and regions with 
verv different rainfall irrigation ratios could have 

Theexercise isbased on Bhalla-Tyagi estimates thesame average nutrientper ha of gross cropped 

of fie gross area sown and value of output for 19 are% Later in the paper an grouping 

major crops along with data on gross irrigated area based on rainfall, irrigation and growth of yields 

and fertilisers for three points of time namely is used to highlight the importance of efficiency 
1962-65, 1970-73, and 1980-83 made by Bhalla fertiliser use. 
and Tyagi [1989]. m e  dau  cover 281 districts Table 1 gives the mean values of rainfall* 
spread over 16 major states. However, non- irrigation ratio and overall fertiliser use ha of 
availability of rainfall data (normal and actual) area in the six rainfdl Zones - irrigation catego- 
for some districts made it necessary to restrict the ries. This shows that output Per ha in the high 
study to 2 16 districts covering 10 states. The 19 irrigation tract is higher than in below- 
crop estimates are based on data relating to actual average-irrigation districts; that in each irrigation 
Output in each district; Bhalla-Tyagi also give category the outpurnarises as  we move from low 
estimates for another 22 crops. But the district to high rainfall zones. It turns out that in all the 
estimates are bas& on the state average yield for rai fall zones, districts with above-average irri- 
each crop in this group applied to the area sown gation ratio have somewhat higher mean rainfall 
to  each of these crops reported in district level than those with low irrigation ratios; the high 



606 JOIIKNN,  OF INUIAN SCtfOOL OF POLITICAL ECONOMY Om-DEC. 1994 

irrigation districts i n  all rainfall zones have sev- use between the two irrigation strata in each 
era1 times higher mean levels of both irrigation rainfall zone, combined with a broad similarity in 
ratio and fertiliser use; and across rainfall zones each inrigation stratum across rainfall zones, 
the mean irrigation ratio as well as mean fertiliser facilitaes comparisons of the impact of 
use in each irrigation category do not differ much 
in the early but widen pmgressive~y in the and fertiliser response across rainfall regimes as 
subseauent ~criuds. Nevertheless, the &an> dif- well as response to rainfall and fertiliser across 
fereniation;n respect of irrigatioin and ferbliser irrigation regimes. 

TABLE I. MEANVALUES OF SELECTED CHARACTERISTICS FOR DISTRICTS IN EACII RAINFALL - IRRIGATION 
CATEGORY CLASSINBD BY NORMAL RAINFALL AND 1962-65 IRRIGATION RAW 

1962-65 1970-73 
-.---- 

1980-83 

Zone Out ut Fcrtq- Iniga- Ray Out ut Fertlfi- Iniga- Raq Out ut Ferty- Imga- Ka$ 
perRa sers tion fau prRa sers tian fall pwRa sers tion fan 

Ratio1 ~atio' ~at io '  
1 D 

~ i '  1,080 6.0 38.2 1,354 1,268 28.9 41.6 1,299 1,513 58.0 46.1 1,409 
1. K of nutrientsha (N P,K); 2. Irrigation ralio is the ratio of ross irrigated area under all crops to the total gross cropped  area?^^^). We have taken the total area under 41 crcps as a c&se approximation of GCA. Estimates of f e f i ser  use p ha 
are also computed from the data on total nutrients consumed and the total area under 41 specified crops for each district; 
3. mm; 
LR = Low Rainfall (c 750 mm); 
MR = Medium Rainfall 50 mm - 1.050 mm); 
HR = Ili@ Rainfall >165*mmb 
LI = Below Averagc(lr&@m Ratio: 
HI = Abovc Average Imgation Ratio. 

We therefore estimate the relation (1) on zone and in the high irrigation districts of the high 
cross-section data for districts in each rainfall rainfallzone,theproportionofvaiianceexplained 
irrigation stratum at particular points in time. by the selected variables is considerably higher - 

in 1962-65 than in the subsequent two periids; 
SPATIAL DIPFERWCES IN YIELDS AND IRRIGATION while in the medium rainfall zone and low irri- 

Differences in R, I and Fexplain, in most cases, gation districts of high rainfall zone the opposite 
upwards of 60 per cent of yield differences is true. 
between districts (Table 2). The proportion of Somewhat surprisingly - and contrary to find- 
variance explained is higher in the high irrigation ings of Ranade, and Mhhendra Dev - variations 
category in all rainfall zones during 1962-65 and in rainfall do not show up as a significant factor 
1970-73, and in the low rainfall zone during accounting for yield variations in several strata. 
1980-83. There is no consistent pattern in varia- In the low rainfall zone the coefficient is positive 
tion of R~ across rainfall-irrigation categories in and significant only in three out of six cases (two 
1962-65 or 1970-73; but in 1980-83 the in 1960s and one in 1980-83); all but one of the 
proportion of variance accounted by the selected coefficients for rainfall in the medium rainfall 
input variables increases progressively from the zone we non-significant; in the high rainfall zone, 
low to the high rainfall zone in the low irrigation the coefficient is positive and significant at all 
category, the converse tendency being manifest three points of timein thelow irrigation category, 
in the high irrigation category. In the low rsinfall but only inone year in the high irrigation category. 
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The coefficient values are unstable with no per- 
ceptible trend over time. It is possible that the 
number of observatories at the district level being 
small, estimates for individual districts may be 
much noisier than for the groups of districts or at 
the state level. 

The coefficients for fertilisers are all positive, 
almost all of them being statistically significant. 
Fertilisers and moisture availability are believed 
to have a synergistic relation to yield. This would 
lead one to expect the fertiliser response to be 
higher in better irrigated areas within a given 

rainfall regime and at a given level of fertiliser 
use;and given the level of irrigation, when rainfall 
is more abundant. Our regressions show that in 
six out of seven cases where coefficients for both 
irrigation categories are significant, the value of 
the fertiliser coefficient in the below - average 
irrigation category is higher than in the above - 
average category. This does not necessarily mean 
that the synergy hypothesis is invalidated in as 
much as districts with above-average-irrigation, 
use much more fertilisers and therefore may be 
affected by diminishing returns. 

TABLE 2. ESTIMAWD COE~CIENTS OF MULTIPLE RE~RESSION OF OUTPUT PER HECXARE 
ON RAINFALL.~RRIGATION AND FERTIUSERS 

Figures in brackets relate to standard error of coefficients. 
Statistically significant coefficients are marked with asterisk {*). 

On the other hand the fact that the coefficients 
for comparable irrigation categories (between 
which there is not much difference in mean levels 
of fertiliser use) are generally higher in the high 
rainfall zones than in the low rainfall zones is 
indicative of synergy. Taking all the zones and 
years together, it is also seen (see Figures 1 (a) 
and (b)) that though the fertiliser coefficient tends 
to fall as the level of fertiliser use increases in both 
low and high irrigation districts, the coefficients 
in the high irrigation districts are generally higher 
and show a much more gradual decline with 
reference to the level of fertiliser use than in the 
low irrigation districts. 

The other notable feature is that coefficients for 
fertilisers have fallen progressively and steeply in 
all the six strata, the decline between 1960s and 
1980s mostly ranging from 50 to 85 per cent. The 

HRHI regime is an extreme case where the 
-*reduction is much steeper (from t66 in 1960s to 
practically zero in the 1980s). This general 
decline in the yield impact of fertilisers (keeping 
rainfall and imgation constant) cannot be attrib- 
uted wholly or even primarily to diminishing 
returns, in as much as the decline is seen at very 
different levels of fertiliser use, and there is no 
relation between the extent of decline and the 
level of application per ha across the strata. Given 
that fertiliser is an imported and capital intensive 
input, and that productivity under field conditions 
seems to be much less than obtained in demon- 
strations, the reasons for this phenomenon need 
closer investigation. But this is outside the 
purview of the present exercise. 
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Figure 1 (a) (Low Irrigation) Figure l(b) (High Irrigation) 

Extent of irrigation and Yield response to irrigation K % of GCA irrigated Pvalue 
of regression coefficient for imgation 

Figure 2(a) (Low Irrigation) Figure 2(b) (High Irrigation) 

Level of festiliser use per ha and yield response to fertiliser Nutrients per ha (kg) Pvalue 
of regression coefficient for fertiliser per ha 

The coefficients for irrigation, which give a rainfall zones and falls progressively as we move 
measure of the impact of irrigation on output per to medium and high rainfall zones. This conforms 
hectare of cropped area, given rainfall and ferti- to the expectation that irrigation is likely to make 
liser use, are positive and statistically significant a greater impact in low rainfall areas. But in the 
in four out of six cases in the low rainfall regime; later periods, the pattern of variation is not clear. 
in all six cases of the medium rainfall regime; but During 1970-73, in  the low irrigation category, 
in orlly one case in the high rainfall regime. the coefficient is highest in the low rainfall zone 
Though one would expect the impact under and the least in the high rainfall zone; theopposite 
conditions of abundant rainfall to be relatively trend is noticed in the high irrigation category, In  
low, it is somewhat surprising that irrigation 1980-83, the irrigationcoefficientsare significant 
seems to have no significant impact on output per only in the medium rainfall zone. 
ha in high rainfall zone. The behaviour of the imgation coefficients as 

For comparable irrigation categories, during between the three points of time covered by this 
1962-65, the strength andlor magnitude of the study also shows a mixed pattern. In one casc 
coefficient for irrigation is relatively high in low (LRHI) its value falls progressively over the 
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period; in LRLI, MRLI and MRHI the coefficient betwecn low and high irrigation tracts has nar- 
in 1970-73 is higher than in 1962-65 but falls or rowed in respect of irrigation and fertiliser even 
becomes non-significant in 1980-83. In the high as the yield gaps have widened. Given the 
rainfall zones, no trend is discerned as most differences both in respect of the level of yields 
coefficienet are non-significant. plotting the and of changes in yields across rainfall-irrigation 
irrigation coefficients (wherever they are sig- categories, it is of some icterest to see whether 

there are also significant differences between nificant) against the irrigation ratio over the y s  hese zanes in the impact of changes in input 
(Figures 2 (a) and (b)), it would seem that yield factors on yield changes. 
responses to irrigation per se tend to be clustered The estimated of multiple regres- 
at relatively higher levels in the low irrigation sionrelating changes in yields with changes in the 
districts than in the high irrigation tracts. three input variables in different rainfall- 

irrigation ratio groups are presented in Table 3. 
sPREADOFIRRIOATIONAND C H A N G E S I N P R O D U ~ ~  The strata being defined with rcference to normal 

rainfalland base year irrigation ratios, the districts 
From Table 1 it is apparent that whifeproduc- falling r~nfall-irrigation are 

tivity has increased in all categories, the increase unchanged over Irrigation and fertiliser use 
is much greater, both in absolute and relative have grown appreciably in all zones but at dif- 
terms, in the high-irrigation districts. There are ferent rates. Therefore, the estimated coefficients 
also significant differences in the extent of change of increase in yield with respect to increments in 
in irrigation and fertiliser use. In general the gap irrigation are of special interest. 

TABLE 3. RESULTS OFREORESS~ONS BASED ON WCREMENT OF PER 1-IA YIELD AND RELATED VARIABLES 

1962-65 10 1970-73 1970-73 10 1980-83 

Zones R I F t12 R I F 3 N 

LR Ll 0.509* 22.68* 0.72 0.345 0.186 
(0.240) (7.81) (3.49) (0.21) 

HI 0.039 13.19* 4.57* 0.810 0.150 
(0.223) (2.78) (1 54) (0.27) 

MRLI 0.063 11.89* 3.27 0.370 0.061 
(0.880) (3.65) (2.64) (0.09) 

1iI 0.200 12.09* 14.00* 0.7U) -0.165 
(0.161) (2.29) (2.80) (0.20) 

HR LI -0.002 9.98* -4.15 0.313 0.225 
(0.050) (2.70) (2.27) (0.13) 

HI -0.179 -11.80 11.00* 0.480 0.16) 
(0.218) (7.50) (3.56) (0.3 1) 

Figures in bracket give standard error of coefficients. 
Statistically significant coefficients are marked with asterisk (*). 

The proportion of variance in the increments to 
output per hectare explained by the changes in R, 
I and F is in most cases much lower in the low 
irrigation districts than in the high irrigation 
groups; the difference being more marked in the 
period from 1970-73 to 1980-83 than in the pre- 
vious decade. The proportion of variance 
explained in the latter period is the same or lower 
than between 1960-63 and 1970-73 in four cases 
and about the same or higher in the other two 
categories. 

Changes in rainfall do not seem to bear any 
significant relation to changes in productivity in 
any of the categories during either period. 
Between 1962-65 and 1970-73, differences in 
increments to fertiliser use had no significant 
impact on the increments i n  output per hectare in 
the low irrigation category districts. But they had 
a significant positive effect in the high irrigation 
categories of all rainfall zones. This was despite 
the fact that high irrigation districts invariably had 
much larger increases in level of fcrtiliser use than 
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the low irrigation districts. This could be a 
reflection of synergy between fertiliser and irri- 
gation leading to a significant upward shift in the 
fertiliser - yield response curves under irrigation. 
The incremental response coefficient of fertiliser 
is also seen to be relatively low in the LRHI 
compared to medium and high ranfall regions. 

During the seventies, when irrigation had 
become more widespread even in low imgation 
districts, the fertiliser coefficients are seen to be 
stronger and/or higher compared to the sixties. In 
the high irrigation districts, which had higher 
initial levels and a larger increment of fertiliser 
use, the incremental response coefficients of the 
1970s for the medium and high rainfall zone are 
substanlially lower/wcaker than in the 1960s. In 
the low rainfall zone, however, the coefficient in 
the 1970s shows a marked increase. This may be 
due to the fact that this category includes most of 
the 'green revolution' districts (Punjab, Haryana, 
West Uttar Pradesh) where the high yielding 
varieties covering a higher proportion of crop are 
introduced and the quality of the irrigation 
showed the greatest improvement. The environ- 
ment in medium and high rainfall zones is not a s  
conducive to HYVs, which in any case were not 
available for all crops. Overall, the coefficients of 
incremental yield with reference to increments in 
average fertiliser use show no particular pattern. 

As for the productivity impact of the spread of 
irrigation-- confining comparisons only to those 
cases where thecoefficients are significant inboth 
periods -- the following poin ts emerge from Table 
3: (i) Between 1962165 and 1970173, the spread 
of irrigation made a significant impact on yield in 
allcasesexcept the high irrigation districts ofhigh 
rainfall zone. The estimated yield response to 
incremental inigation is (a) higher in the low 
irrigation category than in the high irrigation 
district of each rainfall zone; and (b) inversely 
related to rainfall in each irrigation category. The 
incremental effect of changes in the extent of 
irrigation in LRLI is about 90 per cent more than 
MRLI and 130 per cent more than HRLI. The 
difference in the high irrigation category as 
between low and medium rainfall zones is not as 
marked, while the impact in HRHI is negative, 
though statistically non-significant. (ii) In the 
seventies, the pattern is quite different. The 
coefficients, though positive, are non-significant 
in LRLI and in both irrigation categories of high 

rainfall districts. In the medium rainfall zone, the 
only case where coefficients are significant in 
both irrigation categorjeS, the response to incre- 
mental irrigation, as in the 1960s, is higher in the 
high irrigation districts than in the low imgation 
category. And (iii) the value of the irrigation 
coefficient in the seventies is higher than in the 
1960s in the high irrigation categories and lower 
in the case of low irrigation tracts. 

CQMPARISONS ACROSS RAINFALLYIELD GROWW STRATA 

An alternative stratification would be to group 
districts in each rainfall zone according to the 
direction and magnitude of change in per hectare 
output in the two periods. Three categories of 
districts are distinguished: (a) those which have 
experienced a decline in per ha output; (b) those 
which have recorded an increase in per ha output 
higher than the average for districts reporting an 
increase in per ha output; and (c) those where the 
increase is lower than average (Table 4). 

In both periods, in the low and medium rainfall 
zones, disbricts where productivity is declining 
have on the average significantly lower produc- 
tivity, less irrigation and also lower fertiliser use 
compared to thc districts where productivity has 
grown. A--.long the latter again, the districts with 
higher than average growth have higher produc- 
tivity, substantially higher level of irrigation and 
(in the 1970s) higher levels of fertiliser use 
compared to those with below-average growth of 
productivity. This characteristic is also shared by 
above-average growth district sin the high rainfall 
zone but districtsreporting a decline in yields had 
higher mean yields, higher fertiliser use, and at 
least in the 1960s higher irrigation ratio than the 
slow growth districts. 

The results of the multiple regressions (sum- 
marised in Table 5) show that when districts are 
classified in terms of growth performance, the 
equation does much better in both periods in terms 
of the proporlion of variance in yield changes 
'explained' by the changes in selected inputs, 
Thus during the first period, exceeds 0.6 in five 
out of nine cases in the growth based stratification 
compared to twoout of six in the irrigation based 
categorisation. Thccomparable proportions in the 
1970s being eight out of nine and three out of six, 
respectively. 
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Rainfall Growth Category Mean Value in 1962-65 Mean Value in 1970-73 
Zone 

Outputha RF %IA F Outputlha RF %IA F 

L Decline 460 593 11.2 1.87 358 463 12.5 9.4 
Below average 627 617 19.1 4.29 795 589 25.0 16.8 
Above average 619 574 27.1 3.24 1,050 466 43.1 23.0 

M Decline 614 886 13.0 3.35 363 77 1 7.5 9.3 
Below average 723 925 21.0 3.40 753 843 23.0 15.2 
Above average 779 873 24.0 3.10 1.087 853 33.4 22.3 

H Decline 918 1,556 15.2 3.22 843 1,570 11.3 14.6 
Below average 730 1.440 10.0 1.59 806 1,342 16.1 13.1 
Above average 962 1.427 22.2 4.56 1.208 1.474 28.2 22.8 

- -- pp - -- 

Note: The classification into below average and above average districts is made with reference to averagepercentageincreases 
in per hectare yields among districts reporting a rise in yields for each rainfall zone and period separately. 

1960s 1970s 
Rainfall Growth -- 
Zone Cat.egory N RF %IA F R N RF %IA F R 
Low Decline 11 0.186 -22.96* -3.97 0.52 10 0.43 2.17 15.31 0.61 

(0.99) (2.59) (0.92) (0.72) (0.64) (1.65) 
below 
average 
growth 26 -0.009 9.52* 4.01* 0.70 36 0.123 11.19* 9.35* 0.87 

(0.07) (3.43) (3.54) (0.48) (4.81) (7.12) 
above 
average 
growth 26 0.072 7.59* 6.14; 0.84 17 0.216 8.53* 12.84* 0.96 

(0.36) (3.03) (4.40) (0.60) (2.26) (3.28) 

Medium Decline 22 -0.146 19.6* 1.58 0.75 7 1.17 16.78* -7.96 0.73 
(1.43) (8.7) (0.52) (1.39) (2.62) (1.13) 

below 
average 
growth 42 -0.021 1.33 3.95* 0.28 59 0.014 6.32* 9.72* 0.74 

(0.41) (0.84) (3.90) (0.09) (3.21) (5.66) 
above 
average 
growth 2 6  0.222 7.02* 12.04* 0.68 24 -0.235 7.46) 9.851 0.78 

(1 -16) (2.70) (4.88) (1.06) (2.55) (4.00) 

High decline 16 0.243* 5.44* -4.86 0.70 9 O . m *  19.87% -0.452 0.85 
(3.85) (1.86) (4.03) (3.95) (2.28) (0.08) 

below 
average 
growth 25 -0.008 -2.12 2.32* 0.30 33 0.205* 4.20 14.66* 0.80 - 

(0.38) (1.58) (3.07) 
above 
average 
growth 21 -0.067 -7.44, 8.71* 0.57 20 0.362* 12.68* 11.78* 0.60 

(0.77) (2.85) (5.21) (2.45) (2.55) (2.16) 

* Statistically significant. 
Note: F i g u ~ s  in brackets relate to 'T' vaiues of estimated coefficients. 
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In general, changes in rainfall, inigation and to fertilisers. In the second period, the yield 
fertilisers account for a higher proportion of impact of incremental irrigation and fertiliser use 
variance in yield changcs during the 1970s than are higher than in the 1960s wherever the coef- 
during the 1960s. In the low rainfall zonc, in both ficients are significant. Altogether the impact of 
periods, the proportion of variance explained is changes in rainfall, irrigation and fertilisers on the 
least in the declining districts and highest in the magnitude and direction of yield changes seem to 
above-average growth districts. This is also the be more complex in the high rainfall zone than in 
case in the 1970s in the medium rainfall zone. But the other rainfall zones. 
in the high rainfall zone changes in selected inputs 
scem to be far more important in explaining the Some Limitations 
yicld changes in the districts where it is declining 
than in the districts where it is increasing at a Several caveats have to be borne i n  mind while 
relativcly fast rate. interpreting these results. In the first place the 

In the low rainfall zone, in both periods, the output per ha relates to only 19 crops. While they, 
productivity effect of irrigation changes is higher on the average, account for 85 per cent of area 
and that of changes in fertiliser lower in the and output of 41 crops at the national level, their 
below-avcrage-growth districts than in the abovc share in area and output of 41 crops varies froin 
average group. Higher productivity of incre- as little as 35 per cent in some states to as much 
mental fertiliscrs scem to be the main reason for as 95 per cent in a few. The variability in this 
higher productivity growth. In this zone, i n  both respect at district level is much greater. 
categories of districts, yield impact of both Apart from the fact that the 41 crops figuring in 
incremental irrigation and incremental fertiliser the Bhalla-Tyagi exercise are not exhaustive - 
is higher in the 1970s. they do not include, for example, fruits and veg- 

In the medium rainfall zone, by contrast, pro- etables - the ratio of area under 19 crops to 41 
ductivity impact of changes in irrigation and in crops is not a reliable indicator of the ratio of the 
fertiliser use i n  the above average growth districts respective values. especially at the district level. 
is higher than in the below-average group in both More detailed work to collect district level data 
periods. The difference in the second period is for all the crops is needed to get a better 
however considerably less than in thc first. The approximation to the value of output per gross 
yield impact of changcs i n  irrigation is higher in cropped hectare. We also need to allow, as far as 
the 1970s than in the 1960s in both groups of possible, for quality differences in respect of the 
districts reporting a rise in yields. But in the case same crop (e.g., cotton) grown rainfed and with 
of fertilisers the impact of incremental use in the irrigation. 
1970s is higher than during the 1960s in the Output per ha of gross cropped area is not an 
below-average growth category, the reverse adequate measure of land productivity. The more 
being the case in the above-average growth dis- appropriate index would be output per ha of 
tricts. cultivated land (or net sown area). It has the merit 

The high rainfall zone presents a very different of capturing the effect of irrigation on cropping 
picture. Somewhat surprisingly,unlikeinthelow intensity, output per ha of net sown area and 
andmedium rainfall zone,changes in rainfall turns avoiding biases arising out of neglect of differ- 
out to be a significant factor affecting yields in ences in the duration of various crops, Because of 
the high rainfall tract especially in the 1970s. partial crop coverage and the fact that extent of 
Among the districts reporting a fall in produc- this varies as between regions, it is not possible 
tivity, changes in rainfall are a significant factor to make a proper correction in this exercise. All 
in both periods and have a much higher effect on one can say is that the procedure used in this paper 
yield changes than in the growing districts. Dur- understates the impact of irrigation in as much as 
ing the 1960s difference between below-average irrigated lands tend to have substantially higher 
and above average yield improvement was cropping intensity than rainfed areas. 
cnlircly on account of differences in the response The relations are estimated for inrigated and 



VOL. 6 NO. 4 IMPACT OF IRRIGATION ON PRODUCTIVITY OF LAND 613 

unirrigated areas taken together. The response 
functions, including the nature and extent of 
interactions among inputs, are not the same on 
irrigated and unirrigated lands. Thus the esti- 
mated fertiliser use per hectare represents an 
average which conceals wide variations in the 
extent and intensity of fertiliser use on irrigated 
and rainfed areas, on different crops, and on dif- 
ferentvarieties of a given crop. The yield response 
to fertilisers differing as it does between 
soil-moisture regimes, Crops and crop varieties, 
the 'average' coefficient is difficult to interpret. 
One could get a better idea if yield and fertiliser 
data were available for irrigated and rainfed areas 
separately and differences in quality of irrigation 
were taken into account. 

The following set of equations takes care of 
some of these points. 

Where y = output per ha overall. 
a = Proportion of irrigated to total crop 

area. 
yi = output per ha of irrigated area. 
y, = output per ha of unirrigated area. 
R = total rainfall. 
R, = the proportion of rainfall occurring in 

the main monsoon season of the 
region. 

F, = fertiliser used per ha. 
F, = fertiliser use per hectare of irrigated 

area of unirrigated area. 
Q = an index of irrigation quality. Equa- 

tion (3) and (4) imply that while 
changes in irrigation and rainfed 
yields are both influenced by soil 
moisture and fertiliser use, the nature 
and magnitude of impactaredifferent. 
But estimating this set of equations 
requires more information than usu- 
ally available. 

The regression coefficient for irrigation is 
supposcd to give a measure of the difference 
which irrigation alone makes to productivity, 
given rainfall and level of fertiliser use. But in so 
far as the level of irrigation influences thc ferti- 
liser response curve and, therefore, the level of 

fertiliser use as well as its productivity, the 
coefficients do not fully reflect the direct and 
indirect effects of irrigation on yield. They also 
do not allow for the influence of differences in 
quality of irrigation. 

These limitations cannot be overcome with the 
Bhalla-Tyagi data set. The ICRISAT data set, 
which provides a continuous time series of rele- 
vant variables (including net sown area and 
sources of irrigation) for 164 districts, offers 
scope to assess the cropping intensity, crop pat- 
tern and per hectare yield effects. We have esti- 
mated the time series yield functions for each of 
the districts and then compared the value of the 
coefficients for groups of districts classified by 
level of rainfall, level and dominant source of 
irrigation. This exercise is discussed below. 
Beyond that, we have to take recourse to direct 
estimates of output on irrigated and unirrigated 
lands,preferably at the farm levcl, to get at acloser 
approximation to the overall impact of irrigation 
on land productivity. The results of these exer- 
cises are reported thereafter. 

TIME SERIES ANALYSIS FOR SELECTED DISTRICTS 

Data Sources and Limitations 

District level data on cultivated and cropped 
area (irrigated and unirrigated), and output of 
major crops and the total quantity of fertilizers 
used over the period have been compiled by 
ICRISAT for seven states for the period 1956-57 
to 1978-79. The crop coverage is not similar for 
all the seven states. The crop-wise data for 
Maharashtra, Gujarat and Rajasthan cover 16 
major crops while for the remaining four states, 
namely Madhya Pradesh, Andhra Pradesh, Kar- 
nataka and TamilNadu, the data relate to23 crops. 
The crops for which area and output figures are 
available, on an average, account for about 77 per 
cent of total cultivated area i n  the case of the 
districts belonging to the fist group of states and 
85 per cent for the second group of districts. 

Though the crop coverage of available statistics 
is incomplete, thevalueof outputper ha computed 
from them can be taken as a reasonably good 
approximation of the productivity of all crops, on 
the assumption that the productivity of excluded 
crops is more or less the same or bears a consbnl 
relation to that of crops for which data are 
available. This is a tenable assumption if the 
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nature and extent of crops covered do not vary potential yields due to increased irrigation and 
across districts at any point in time or over time fertiliser use, and testing for the existence of vend 
in a given district. This unfortunately is not the in the residual has been explored by Vaidyanathan 
case. In order tomitigate the problem, the analysis and Mukherjee 119891. But whether this really is 
is limited to 110 districts where the selected crops a valid way out remains debatable. While the 
cover more than 80 per cent of the total crop area. correlationbetween irrigationand fertilisers isnot 
The actual crop coverage among them ranges always high (and in a few cases may even be 
between 81 per cent and99 per cent with average non-significant), we have for the present chosen 
of 90 per cent, There is still the problem that the to simplify the estimating equation further by 
extent of coverage in each district may not, and making yield alinear function of only rainfall and 
typically does not, reman the same throughout irrigation. 
the period of study. This aspect and its implica- 
tions are discussed a little later. ~ = f  @,I) 

The district level yield data are also subject to 
(5 )  

errors partly because they are not strictly based, Where y is the value of output per ha of cropped 
in all cases, on actual crop-cutting. Even if based area, R is Rainfall in mm and I is the irrigation 
on crop-cutting, the magnitude of error would be ratio. 
more than that of the state level estimate, Dif- The estimated regression coefficient for I from 
ferences in the organisation and procedures for this equation, unlike (I), will not measure *he 
collection of data in respect of area across states effect of irrigation per se, but of irrigation and 
are rccognised but not accounted hcre. Some inputs which are strictly complementary to it. To 
major changes in this regard have occurred in the the extent that other inputs and the quality of their 
states like Tamil Nadu and Andhra Pradesh fol- management are not systematically correlated to 
lowing abolition of the Patwari system. The use irrigation, the specification suffers also from the 
of nationat average prices across d l  the distrtcts excluded vwiable bias. 
and years has the marked disadvantage of not While the estimating equation y = f (R, I) may 
allowing for differences in qudity/prices of the not be able to directly capture the effect of other 
same across space and also for inputs fully, the existence of synergy between 
changes in the quality mix of particular crops water and nutrients can be judged by comparing 
a given district over time. the value of coefficients across districts with 

The Eslimating Function different soil-moisture regimes. Synergy implies 
that faster spread of irrigation will go with faster 

The considerations involved in specifying the growth of firtilisers andhigher response to 

estimating function have already been discussed fertilisers reflected in a higher coefficient for 
in the previous section. F~~ pwses of cross irrigation in the above equation. This is the 
section analysis we postulated yield tobea linear, rationale for dividing the districts into strata 
additive function of rainfall, irrigation and ferti- which are relatively homogeneous in respect of 
liser use. Typically, though notalways, irrigation rainfall and irrigation. We adopt the same strati- 
and fertiliser use are rising over time, the fication for time series analysis as used in the 
inclusion of both in the resession raises the previous section. 
problem of multicollinearity. Other variables 
(especially HYV, quality of irrigation, gradually TABLE 6. DISTRICTS CATEOORISA~ON 

BASED ON IRRI~AT~ON SPREAD 
improving mastery over new techniques as a 
r e d t  of learning from experience) which affect 

Irrigation Ratio 
the overall yields in a given district for a given Ra*fall Total 
level of input and fertiliser use, are  SO systematic Low' HighZ Districts 
functions of time, Because of this, the option of Low < 750 mm 15 10 25 
usinn 'time' asa catch-all for excludedin~utsand Medium 750-1050 mm 34 21 55 
learn-ing effects is precluded. The of High > 1050mm 20 10 30 
getting around the problem of estimating the 1. B ~ I O W  average. 2. Above average. 
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Table 6 gives the distribution of the selected the area under the selected crops as a proportion 
districts among the six strata. In principle each of total crop area (CA) changes systematically 
rainfall - irrigation category can be further clas- over time, the results of the analysis need to be 
sified in terms of irrigation quality. But the interpreted with caution. A significant rising 
number of districts in the sample does not allow (falling) trend in CA is likely to strengthen 
this. Therefore in order to assess the effect of (weaken) the estimated relation between I and Y 
irrigation quality, districts have been reclassified and also bias the coefficient upward (downward). 
by rainfall and irrigation quality. The latter has Such bias will not exist if CA has no trend. 
many dimensions, e.g., the relative importance of The extent of variability in the input variables 
surface and ground water; as well as different is also of some importance for our purpose. 
sources of surface water (e.g., diversion works vs Variability can take the form of wide fluctuations 
storages, large storages vs tanks); the extent of around a m ~ '  constant mean, or significant 
conjunctive use of ground with surface water and changes in the mean or both. Rainfall belongs to 
the quality of management. But given the lack of the first category and variability is high. In the 
information on these attributes and the limited case of lfllgatlon (and fertl)lser use) the System- 
number of observations available, we have cho- atic trend ~ l ~ ~ e n t  is much more important than 
sen the proportion of net irrigated area served by fluctuations. However, where the trend element 
wells as the index of quality with comparisons in irrigation is ncgligible, the estimatedregression 
being further restricted to districts at extreme ends may show a weak or mon-significant relation 
of the spectrum of variation in this ratio. specif- betwecn it and per hectare output. In such cases 
ically those districts where this ratio is below 25 the regression does not tell US muchabout the me 
per cent are categorised as low quality and those between the and yields. 
where it is above 75 per cent as high quality. The In order to allow for these considerations, we 
distribution of selected districts in different strata have categorised districts on the basis of trends in 
is given in Table 7. the proportion of gross cropped area under the 

7 

selected crops (CA) and the irrigation ratio (IR) 
TABLE 7. DISTRICTS CATm~SAT1oN ON (seeTable 8). Each cell refers to different scenario RAINPALLIRRIGATION QUALITY 

and has got different implication for bias i n  the 
- - -- 

Irrigation Quality 
Rainfall Total 

Low High Districts* 

Low 4 1 1  25 
Medium 10 20 55 
High 18 3 30 

* Total dislricts do not reflect the row total. 

Problems of Changing Coverage 

We have already indicated that all crops are not 
covered by the available areaand yield estimates. 
The input variables however relate to all crops. 
Therefore in estimating the impact of irrigation, 
we have to assume that per ha output of the crops 
covered by the data are a reasonably good 
approximation of the per ha output of all crops 
and remain so throughout the time span covered 
by the study. Limiting the analysis only todistricts 
in which the crop-wise data account for at least 
80 per cent of their respective gross crop a m  
takes care of this problem to some degree. But if 

estimatei irrigation impact. The first row, for 
example, refers to districts which have significant 
positive trend in irrigation ratio and should bring 
out the impact of irrigation. The ideal combina- 
tion would be one where there is positive trend in 
irrigation coverage (IR) and no significant trend 
in the proportion of total crop area under the 
selected crops (CA); cell a,, represents such a 
situation. Dismcts belonging to cell a,, would 
overestimate irrigation impact in as much as the 
regression coefficicnt for irrigation ratio will 
capture the effect of the rise in CA. By the same 
token, regressions based on observations in cell 
a,, are apt to understate irrigation impact because, 
despite positive trend in IR, the significant neg- 
ative trend in CA nullifies the effect. Rows 2 and 
3 refer to the situations where the irrigation ratio 
is either declining or remains unchanged. The 
estimated regressions for these districts will not 
be a reliable basis to assess irrigation impact. 
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TABLE a. among districts with relatively low level of irri- 
gation to begin with. By contrast, a relatively high 

. IR\CA* Not Row Proportion of districts show systematic trends in 
Twnd\Trend Positive Negative Significant Total CAe In 40 of them, where CA is rising, the 

Positive 81 1 a12 a13 RI 
Negative azl %z aa R2 
Not Significant a,, 6 2  %3 R3 
Column Total ct 4 C, 

* CA is the proportion of area under h e  selected crops. 

A large majority (89 out of 110) of selected 
districts have reported a significant positive trend 
in the irrigation ratio (Table 9); 17 districts show 
no significant change in irrigation ratio whereas 
four districts have registered a decline. Most 
districts registering a non-significant change in 
the irrigation ratio are from the high irrigation 
stratum and those recording a significant trend 
rise in irrigation ratio are relatively more frequent 

coefficient for irrigation is apt to be biased 
upward; in 28, whereCAis falling, the bias would 
be to underestimate the irrigation coefficient. 
There are only 42 cases where CA is more or less 
constant during the period under study and the 
estimated irrigation coefficient will not be biased. 
The districts where the irrigation coverage has 
significantly increased are almost equally dis- 
tributed among the three categories of CA trend. 
That is, the development of irrigation is not 
associated with any systematic shift either in 
favour of or against the included crops. Districts 
with arising trend in CAare concentrated in those 
with rising irrigation ratios. 

TABLE 9. TRENLN IN IR AND CA - DIFFERENT CATEOORIES OF DISTRICTS 

Rainfall Irrigation I .  CA Not Row 
Coverage Trend Trend Positive Negative Significant Total 

Positive 8 (53) 1 (7) 5 (33) 14 (93) 
Low Negative 

NS 1 (7) 1 (7) 
Low 

Positive l(10) 2 (20) 2 (20) 5 (50) 
High Negative 

NS 3 (30) 2 (20) 5 (50) 
- - -- - - -- 

Positive 11 (32) lo (29) 13 (38) 34 (100) 
Low Negative 

NS 
Medium 

Positive 4 (19) 4 (19) 4 (19) 12 (57) 
High Negative 1 (5 )  1 ( 5 )  

NS 4 (19) 1 (5) 3 (14) 8 (38) 

Positive 2 (10) 8 (40) 8 (40) 18 (90) 
Low Negative 1 .(5) 1 ( 5 )  

NS 1 (5) 1 (5) 
High 

Positive 4 (40) l(10) l(10) 6 (60) 
High , Negative ](lo) 1 (10) 2 (20) 

NS 2 (20) 2 (20) 

Column Total 40 28 42 110 

* Figures in the parentheses are percentages in the respective category. 
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RESULTS (4) The impact of irrigation is likely to be greater . . 

in areas where ground water is a more Our interest is in seeing whether the strength 
andmagnitude of yield impact of irrigation differs prominent source of irrigation. 

systematically across the various strata. For this (5) The irrigation coefficient is unlikely to be 
significant in cases where the irrigation ratio 

purpose we focus on the statistical significance of shows a declining trend or no trend at all. 
the regressions and that (6) There is reason to suppose that the level 
of the irrigation coefficient: the proportion of ofinigation developmentper Se would affect 
v ~ i a n c e  in Per ha '"Put ex~l'i"" by 'e the yield response to incresse in irrigation. 
regression, the mean value and frequency distri- Since the irrigation coefficient are lkely to 
bution of the coefficients for rainfall and irriga- an (downward) bias in dishcis 

Our a priori be where the to total crop area cov- 
surnmarised thus: erbd by selected crops is rising (falling), 

valid comparisons to test the above 
(1) The lower the rainfall, the lower the average hypotheses bc resh-icted to districts 

output per hectare and the greater the vari- where the proportion of crop area covered 
ability under rainfed conditions. This leads shows no uend. 
us to expect the yield impact of irrigation, 
under similar irrigation regimes, to be 
inversely related to rainfall. 

(2) In so far as irrigated yields are more stable 
than yields undcr rainfed conditions, the 
regressions should do better under high 
irrigation conditions than undcr low irriga- 
tion conditions. 

(3) Rainfall is likely to have a stronger and larger 
impact on yields in low rainfall regions than 
in high rainfall areas under conditions of 
limited irrigation; where irrigation is well 
developed, the yield impact of rainfall would 
be less pronounced. 

Significance of the Regression 

When we talk of the performance of the 
regression, significance and strength provide two 
different dimensions. 'Significance' refers to the 
existence of a statistically significant relation 
betwecn the dependent and the independent 
variables. The 't' ratio is a standard indicator for 
this purpose. The 'strength' of the regression 
refers to its explanatory power, i.e., the proportion 
of variance in the dependent variable explained 
by the independent vkables measured in terms 
of R' or 2. 

Per cent of districts where 

Average R alone I alone Both 
Number signi- signi- 

Stratum of Rainfall Imgation ficant ficant signi- insigni- 
Districts (mm) (per cent) ficant ficant 

LRLI 15 597.1 10.05 20 13.5 53 13.5 
LRHI 10 644.2 30.30 10 30  20 40 
MKLI 34 891.2 6.56 9 33 29 29 
MRltlI 2 1 873.8 31.00 14.5 33 38 14.5 
HRLI 20 1.21 8.8 5.70 45 20 25 10 
HRHI 10 1207.5 52.80 Nil 5 0  30 20 
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Variations in the significance of the regression in 20 per cent of the districts, the proportion being 
across the rainfall-imgation ratio strata are somewhat higher in the low than in the high 
summarised in Table 10. The estimated regres- irrigation category. That changes in rainfall and 
sion is taken to be 'significant' if the coefficient irrigation do so poorly in 'explaining' thechanges 
of at least one of the explanatory variables is found in productivity is quite contrary to our expecta- 
to be statistically significant. On this criterion, the tion. 
regression is significant in about 79 per Cent of TO some degree the problem may be with the 
the districts, the ~ro~ort ion ranging from about quation and the way it is estimated. For instance 
60 Wr cent in LRH1 Wr cent in HRL1* The in regressions where only one of the included 
proportion of significant regressions is higher in v&ables is significant, the 
the low irrigation disticts in the 'low' and 'high' ble(s) contribu~ negatively to the overall 2. 

but in the medium so far as the extent of complemen~ity between 
category a larger proportion of regressions in the 
high irrigation group is significant. irrigation and fertiliser use is not as strong or 

Rainfall turns out to have a significant effect on universal as assumed, the exclusion of fertilisers 

inhdfof the district sand iaigation in may account for lower p.  oreo over, the esti- 

6Opercent cases. In roughly a third of the districts mating in effect postulates that the 

both are significant, ~ ~ i ~ f f a l l  is in a incremental output attributable to irrigation and 
much higher proportion of cases in the low complementary is constant. It therefore 
irrigation strata compared to the high irrigation does not capture increase in productivity of these 
category in the low and high rainfall group; but inputs due to new seeds, improved irrigation 
not in the medium rainfall category. The pro- quality, and learning effects. 
portion of cases, where the regression coefficient Part, perhaps a good part, of the reason for the 
for I is significant, is relatively high in the high poor performance of the regression could be that 
irrigation stratum of medium and high rainfall district level data on inputs and yields are much 
zones. The opposite pattern is observed in the low noisier than state level estimates. No standardised 
rainfall zone. The proportion of significant procedure for estima ting district level crop yields 
regression coefficients for I is the highest in is follow& in all states. A great deal of judgment 
HRHI. is involved and it is impossible to ensure that the 

The performance of I, interns of the proportion basis h r  such judgement remains uniform in each 
ofcases where the coefficient for this variable is dishct. While little can be done about this, we 

shows a Patbm Xross can examine the extent to which absence of any 
rainfall-irrigation strata. In the case of high irri- in irrigation and/or biases in crop coverage 
gation districts it increases as one moves from the may affect the estimaredrelation. For this purpose 
10w.rainfall to the high rainfall stratum. But in the we look at the significance and svengm of the 
low irrigation category, the opposite tendency is 
in evidence, the proportion of cases with a sig- regression in districts classified according to the 

nificantirrigation coefficient being higher in low existence of trends in I or CA. This is set out in 

rainfall districts compared to medium and high c able 11. 
rainfall tracts. As expected a higher proportion of districts with 

a significant trend in the irrigation ratio have 
Strength of Regression significant coefficients for irrigation than those 

where the irrigation ratio is more or less stagnant; 
As already mentioned, in about 21 per cent of but the proportion of cases with R~ exceeding 0.4 

the districts the regression is not significant. In is not. Among districts with a rising trend in I, the 
more than 30 per cent of the districts where the proportion of cases, where the regression coef- 
regression is significant, the i? is as low as 0.2 ficients for I and R are significant, is higher i n  the 
(Table 1 1). At the other extreme i? exceeds 0.4 sub-set where both I and CA are rising compared 



VOL. 6 NO. 4 IMPACT OFIRRIGATION ON PRODUCTIVITY OF LAND 619 

to the subset where only I rises. The contrast CA is constant is much more marked among 
between districts where CA is rising and where districts with no significant trend in I. 

(Per cent) 

Per cent of districts where i? value is 

Stratum Insigni- Between Between Above 
ficant <0.20 0.2 & 0.4 0.4 & 0.6 0.6 

LRLI 13.5 34.6 19.9 19.9 12.1 
LRHI 40.0 10.0 30.0 10.0 10.0 
MRLI 29.0 35.5 20.6 12.1 2.8 
MRHI 14.5 37.6 23.9 9.4 14.6 
HRLI 10.0 45.0 35.1 9.9 
I-IRHI 20.0 40.0 20.0 20.0 

Magnitude of impact 

Among the 55 districts where the coefficient 
attached to the rainfall is significant, the simple 
average of value of the coefficient is around 0.4. 
That is, for every mm variation in  rainfall, output 
per ha changes in the same direction by Rs 0.4 
(Table 12). The mean value of the coefficient is 
highest in the low rainfall zone (0.79) and lowest 
in the high rainfall zone (0.32). In the medium 
category the coefficient average is 0.4. However 
it needs noting that in seven out of the twenty-four 
districts in the medium rainfall group the coeffi- 
cient is negative, which clearly depresses the 
mean value for the medium rainfall category. The 

effect is particularly pronounced in the MRLI 
where seven out of thirteen districts have 
(somewhat surprisingly) significant negative 
coefficients for rainfall. These include Rajgarh, 
Sharajpur and Adilabad in Andhra Pradesh and 
Yeotmal and Wardha in Maharashtra. Allowing 
for this, it would seem to confirm the expectation 
that rainfall has a larger impact on yield in low 
irrigation areas; and that the coefficient tends to 
be higher under conditions of low rainfall com- 
pared to high rainfall regions at low levels of 
irrigation. In high irrigation districts there seems 
to be no systematic relation between rainfall and 
the value of the coefficient. 

Rainfall Average impact Inigation Number of districts Mean value of signifi- 
of Rainfall where R is significant cant R coefficient 

Low 
Low 1 1 (73)* 0.83 

0.79 
High 3 (30) 0.64 

Medium 0.4 
Low 13 (38) 

High 1 1 (52) 

Low 14 00) 0.37 
High 0.32 

High 3 (30) 0.11 

* Figures in the parktheses are percentages. 
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Table 13 presents the mean value of the sig- districtscompared to the high irrigation category 
nificant coefficients for irrigation and their fre- in all rainfall zones. On the average, and contrary 
quency distribution for different rainfall- to expectation, productivity impact of irrigation 
irrigation strata. Several features are noteworthy. seems to be higher in high rainfall districts than 
The mean value of the significant coefficients in low and medium rainfall districts in the high 
ranges from 42 (Rs 4,200 per ha) to 106 (Rs irrigation category. No such consistent trend is 
10,600 per ha), being higher in low irrigation noticed in the low irrigation category. 

TABLE 13. EFFECT OPIHRMAT~ON - FREQUENCY DISTRIBUTION OF THE ESTIMATES (IRRIGATION STRATA) 

Average Number of districts where Coefficient of I is 
Coeff. 

Rainfall Imgation forlrriga- <20 20-40 40-60 60-80 80-100 100-150 Above 
tim** 150 
- -  - -  

Low 98.4 4 2 1 3 
LOW LO)* (2;) (10) (30) 

High 42.5 1 1 
(20) (40) (7) 

I a w  59.4 3 4 1 
Medium (13) (23) (18) ' (23) (18) 

2 1 1 
(5) 

High 42.3 5 5 
(36) (14) (36) 

1 2 
(7) (7) 

Low 106.0 1 2 3 
High (1 1) (22) (1 1) (22) (34) 

High 74.1 1 1 3 2 1 
(13.5) (12.5) (37.5) (25) (12.5) . . . , . . . . - .  

Figures in the parentheses are percentages. 
** Simple average of regression Coefficients for Irrigation (measured as per cent of GCA irrigated) which are slatistically 
significant. 

The interpretation of these coefficients is across districts with no significant trend in CA 
problematic for several reasons. They represent also broadly corroborates the finding that, except 
averages of only significant coefficients; the in the low rainfall zone, the coefficient for irri- 
prop~rtion of n0n-significant c~efficient~ is high gation is higher in the high compared to the low 
andl a ~ ~ a r e " t l ~ ,  s~stematicall~ variable across irrigation category; that in the low irrigation 
Ihe There is a wide and erratic dis- category response increases as we move from the persion in the value of coefficients around the 
mean for each category. In the low irrigation low to high rainfall regimes, while no such trend 

diseicts, generally, a higher proportion of dis- is ndceable in the high irrigation category. 
tricts with significant coefficients have coeffi- The coefficients for districts with declining CA 
cients exceeding 80 (i.e., Rs 8,000 per ha) than 
that in the high irrigation regions; this proportion 
is exceptionally high in the LRLI (40 per cent of 
districts) and HRLI (56 per cent of cases). High 
mean value of inigation coefficients in these 
categories is clearly due to a few districts having 
very high coefficients. 

In so far as these are due to stagnation or decline 
of the irrigation ratio and/or significantly rising 
(or falling) trend in CA, we can filter out the biases 
by considering districts only with significant 
trend growth in Lhe irrigation ratio with no sig- 
nificant trend in CA. (See Table 14). Comparison 

are invariably lower than for districts with no 
trend in CA. However, the coefficient for districts 
with a positive trend in CA are not in all cases 
higher than for those with no trend or a declining 
C A. 

Considering cases only where I shows a sig- 
nificant rising trend and CA shows no significant 
trend, the addition of one hectare to irrigated area 
raises average output per ha in the low irrigation 
districts by Rs 5,650 in LRLI; Rs 11,500 in the 
HRLI; and in the high irrigation group from Rs 
4,500 in MR to Rs 6,200 in HR. 
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- 
Rainfall Irrigation Coverage CA Trend Impact of Irrigation* 

Low 
Positive 
Negative 
Not significant 

L o w  

High 
Positive 
Negative 
Not sienificant 

Positive 19.00 
Low Negative 52.75 

Not significant . 103.84 
Medium 

Positive 26.09 
High Negative 35.04 

Not significant 45.15 

Low 
Positive 
Negative 
Not sienificant " 

High 
Positive 83.91 

High Negative 65.30 
Not significant 61.97 

- - - -- - - 

* Value of the Coefficient for Irrigation ratio. Represents the increase in value of output per ha associated with an increase 
of one percentage point in the irrigation ratio. 

Impact of Irrigation Qualily irrigation ratio is much higher in the low quality 
districts compared to the districts with wells as 

As for impact of irrigation quality, the results the dominant source. While this may not by itself 
(see Table 15) show that the significance of 1 and account for the lack of clear pattern, it is clearly 
the proportion of districts where I is significant is necessary to control for level of inrigation i n  
relatively higher in districts with less than 25 per assessing the effect of quality and also to use more 
cent of NIA under well, compared to those where complex indices of 
wells are the dominant sources. In both cases, the 
proportion of districts with significant regression TABLE 15. ~RIOATKIN QUALITY AND THE SIGNIFICANCEOFI 

coefficient of I falls progressively from low to 
high rainfall regions. Rainfall Quality of Number of districts where 

In terms of impact, there is no clear relation Irrigation I i s  significant 

between irrigation quality and productivity LOW 4 (loo)* 
(Table 16). In low rainfall category, irrigation LOw 

High ratio in the high quality group is more or less the 6 (56) 

same as in districts with low proportion of well Medium LOW 7 00) 

irrigation and the coefficient for irrigation in the High 9 (45) 
former is nearly thrice as that in the latter. But in 
the case of medium and high rainfall districts, the High 

Low 11 (61) 

coefficient in high quality districts is lower than High 1 (33) 
in low quality tracts. In both cases the overall * FiguEs 



JOURNAL OF INDIAN SCHOOL OF POLlTICAL ECONOMY OCT-DEC. 1994 

TABLE 16. IRRIOATION QUAW AND THE IMPAC? OF IRRIoATION 

Coefficient of Irrigation Average annual 
covera~e nunfall 

Rainfall Quality of Irrigation I R (per ceGt) (mm) 

Low 46.3 0.49 14.1 675 
Low 

High 99.3 0.60 13.2 585 

Low 99.9 0.02 25.4 956 
Medium 

High 54.5 -0.21 5.4 935 

Low 78.7 0.06 37,5 1,222 
High 

High -32.6 -0.11 6.0 1,079 

IV 
D m P I  MmATps OF IRRIOATION IMPACT: 

A STATP~WISE ANALYSIS 

Sources of Data and Methodology 

The basic source of data for this part of the study 
is Estimates @Area and Production of Principal 
Crops in India published annually by the Direc- 
torate of Economics and Statistics, Ministry of 
Agriculture, Government of India.. These 
volumes provide information on overall land use, 
irrigation and cropping intensity as well as the 
total area sown, output and average yields of some 
50 specific crops for the country as a whole and 
for individual States. These 50 crops account for 
about 90 per cent of the gross cropped area. 

In addition, these volumes also provide data on 
irrigated areaand yield for some crops. Estimates 
of area sown and per hectare yields under irrigated 
and unirrigated conditions bascd on crop-cutting 
surveys are given for 13 major crops, viz., rice, 
jowar, bajra, maize, ragi, wheat, barley, gram, 
groundnut, rapeseed and mustard, cotton, sugar- 
cane, and tobacco. In respect of other crops, 
irrigated - uninigated break down of neither area 
nor yield are available. However, some of them 
are known tobe Prcdominantly,if notexclusively, 
rainfed (e.g., small millets, pulses and some oil 
seeds) and a few (e.g., chillies, banana) pre- 
dominantly irrigated. In such cases, the total area 
and production are assumed to be wholly 
unirrigatcd or irrigated as the case may be. This 
procedure has been followed in respect of 10 
crops. Crops which have been assumed to be 
wholly irrigated are jute, chilies, banana and 
potato. On the other hand, small millets, tur, 

sesamum, linseed, castor and safflower are 
assumed to be wholly unirrigated. Thus our 
estimate of productivity of irrigated and rainfed 
crops covers 23 crops, accounting for about 85 
per cent of the country's total crop area. 

Before discussing the estimates, some words of 
caution are in order: In the first place one must 
bear in mind that the crop- cutting surveys are 
designed to give overall yield estimates with a 
relatively low margin of error; the estimates for 
irrigated crops - especially where the proportion 
of area under the crop which benefits from ini- 
gation is small - are subject to a considerable 
margin of error. Precise estimates of the relative 
margins of error in the estimates of irrigated and 
unirrigatcd yields of different crops are however 
not available. 

Estimates of area are not available for all years, 
crops and states. The details of the years, crops 
and the states affected by this problem are given 
in Table 17. It is also noticed that for some crops 
and in some states, the same figures of area have 
been repeated for more than one year; and in a 
few cases for several years, This problem occurs 
mostly in respect of crops for which separate 
estimates of irrigated and unirrigated areas are not 
available, All of them are minor crops accounting 
for a relatively small proportion of area. For the 
purpose of this exercise, thosecrops for which the 
same figure is reported for the entiie period have 
been excluded from the estimates of output and 
output per unit area. Crops for which the repeti- 
tion is only occasional have been included in our 
estimates by interpolating values for the missing 
years. In respect of crops for which yield esti- 
mates are published separately for irrigated and 
unirrigated areas, there are gaps in the estimates 
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for some states for a few years. In such cases we estimating thevalues of missing years. The details 
have interpolated yield from the figures available of the y w s ,  crops and states for which interpo- 
for the nearest earlier and subsequent years for lation has been done are given in Table 18. 

TABLE 17. DETAILS REOARDING REPErmON OF DATA ON AREA 

State Crops Years of Repetition 

Andhra Pradesh Potato 76-77,79-80.81-82,82-83 
Linseed 77-78.78-79 
Ginger 75-76 to 83-84 

Bihar 

Gujarat 

Haryana 

Madhya Pradesh 

Maharashtra 

Sesamum 
Onion 
Chillies 
Linseed 
Tur 

Onion 
Banana 
Castor 
Small millets 

Sesamum 
Potato 
linseed 

Safflower 
Ginger 

Potato 

Orissa Banana 70-71.71 -72.72-73.80-81.81 -82 

Punjab Linseed 70-71 TO 77-78 

Uttar Pradesh Onion 
Banana 
Chillies 

West Bengal Sesamum J5-76,76-77,78-79,7940 

TABLE 18. DETAILS ON CROPS, YEARS AND STATES FOR WHICH INTERPOLATION HAS BEEN DONE FOR YIELD ESTLMATES OF 
IRRIQATED AND UNIRRIOATED CROPS 

State Crops Years 

Bihar 
Andhra Pradesh 
Kamataka 
Orissa 

West Benaal 

Rice, Maize 
Rice, Jowar 
Rice, Jowar, Bajra Ragi 
Rice, Groundnut, 
Rapeseed and Mustard 
Rice. Maize, Jute 

78-79 (Rice only). 81 -82.82-83 
72-73 
73-74 
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Productivity Estimates 

For each year, the value of output of each of the 
23 crops under irrigated and unirrigated condi- 
tions is worked out as follows: 

(a) In respect of the 13 major crops, outputs are 
calculated on the basis of the estimates of 
area and yield available separately for irri- 
gated and unirrigatcd areas. 

(b) The remaining 10 crops, for which separate 
estimates for irrigated and unirrigated area 
are not available, have been, as already 
noted, assumed to be cither wholly irrigated 
or wholly unirrigated, depending upon the 
nature of the crops. 

(c) The productivity of irrigated and unirrigated 
areas is mcasured in terms of total value of 
output pcr hectare of cropped area under each 
of these categories. For this purpose the 
averageunit values of the selected crops used 
in national accounts estimates (for 1986-87) 
have been adopted (Table 19). 

for assessing (a) the magnitude of difference 
(absolute and relative) in the productivity per unit 
of irrigated and unirrigated area, their regional 
variations and the reasons therefor.; and (b) the 
relative performance of productivity on irrigated 
and uninigated areas both in terms of trends and 
of the degree of stability. For the purpose of (a) 
we use five year averages for 1979-80 to 1983-84. 
The assessment of trend and fluctuations raises 
some questions as to the basis for measuring 
growth and fluctuations. 

Productivity of Irrigated and Rainfed Areas 

During 1979-83, one hectare of irrigated crop 
area in the 13 states covered by this study pro- 
duced on an average output worth Rs 4.900 (at 
1986-87 prices), the level ranging from a low of 
around Rs 3,000 in Bihar to Rs 7,400 in Maha- 
rashtra (Table 22). In general, irrigated areas are 
relatively more productive in the south Indian 
states of Maharashtra, Andhra Pradesh, Karna- 
taka and Tamil Nadu and relatively less in the east 

TABLE 19. PRICE PER QUENTALOP DIFFERENT CROPS, 
Indian states of Bihar, Orissa and Madhya 

ALL INDIA. 1986-87 Pradesh. 
An irrigated hectare produced on the average 

crops Unit Price (RS) about Rs 2,900 (or 150 per cent) more than an 
uninigated hectare; the difference ranging from 

Rice 269 
Wheat 184 Rs 715 (or 30 per cent more than unirrigated 
Small millets 145 yields) in Bihar to Rs 5,800 (about 360 per cent) 
Ragi 1 65 higher than rainfed yields in Maharashtra. Again 
Bajra 174 
Groundnut (pods) 552 the differential between irrigated and unirrigated 
Banana 157 yields, both in absolute and relative terms, is the 
Sugarcane (gur) 280 lowest in theeastern states and highest in southern 
Pocato 1 26 
Mustard 630 states mentioned above. 

Differences between output per unit of irrigated 
and uninigated crop area reflect differences in 

(d) The sum of the values of ournut of idgatled crop pattern and individual crop y W s .  Since 
and divided by sum the irrigation also affects the intensity of cropping gross (and net) areas gives value productivity 
per unit of gross (and net) area under these (i.e., the number of flops raised on a given piece 
two categories. of land in a year) and since individual crops are - 

of widely different duration, a better cornp-arison 
THE RESULTS would be output per unit of irrigated and unirri- 

The productivity estimates have been made for gated land. Estifnates of the latter based on the 
each year from 1970-71 to 1983-84 (See Table 20 assumption that gross irrigated (uninigated) crop 
for output per hectare of Gross Area and Table 21 areais equal to the gross cropped area on irrigated 
Net Area). These estimates are used as the basis (rainfcd) land are given in Table 23. 



VOL. 6 NO. 4 IMPACT OF IRRIGATION ON PRODUCTIVITY OF LAND 625 

TABLE 20. OUTPUT PER HECTARE O F  GROSS IRRIGATED AREA W MAJOR STATES POP THE PERIOD 1970-71 TO 83-84 
(value in Rs per ha a t  1986-87 prices) 

Year Gujarat Karna- Maha- Madhya Orissa West Tamil Uttar Andhra Punjab Bihar Rajas- Haryana 
taka rashtra Pradesh Bengal Nadu Pradesh Pradesh Ihan 

OUTPUT PER HECTARE OFGROSS UNIRRJQATED AREA IN MAJOR STATES FOR THE PERIOD 1970-71 TO 83-84 
(value in Rs per ha at  1986-87 prices) 

Year Gujarat Karna- Maha- Madhya Orissa West Tamil Uttar Andhra Punjab Bihar Rajas- Haryana 
taka rashtra Pradesh Bengal Nadu Radesh Radesh Ihan 

TABLE 21. OUTPUTPER HECTARE OPNETIRRIGATED AREA IN MAJOR STATES FOR' THE PERIOD iwo-71 TO 83-i~ 
(value in Rs per ha at 198687 prices) 

Year Gujarat Karna- Maha- Madhya Orissa Tamil UW Andhra Punjab Bihar Rajas- Haryana 
taka rashtra Radesh Nadu Pradesh Radesh than 
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OUTPUT PER HECTARE OFNET UNIRRIC~ATED AREAINMAJOR STATPS FOR~THEPERIOD 1910-71 TO 83-84 
(value in Rs per ha at 1986-87 prices) 

Year Guiarat Karna- Maha- Madhva Orissa Tamil Uttar Andhra Punjab Bibar Rajas- Haryana 
" taka rashtra PradGh Nadu Radesh Radesh - *an 

2,411 2,727 3,254 1,845 3,572 1,621 1,608 2,638 
2231 3,081 3.145 1,634 3,709 1,861 1,059 2257 
2,339 2,902 3,330 1,396 3,040 1,935 
2,494 3,511 2,273 1,731 2,940 2,034 % ?% 
2,093 2,086 2,579 2,419 3,478 2,358 953 1,406 
2,601 3,063 3,118 2,329 3,413 2,155 1,552 2,700 
1,956 2,787 3237 2,405 3,321 1,965 1,512 2,573 
2,912 3,431 3,607 2,715 3,410 2,322 1,352 2,692 
3,253 3,433 3,977 2,783 3,496 2,042 1,517 3,137 
2,448 2,875 1,905 2,906 3,011 2,088 620 1,480 
3,118 2,107 4,203 2,075 3,432 2,346 986 1,614 
2,825 3,148 4,120 2,452 3,096 2,764 1,330 1,713 
3,539 2,385 4.562 1,525 591 2,461 1,303 2,305 
4,446 2,728 3,652 1,665 4,738 2,740 1,733 1,966 

1 .  Value of output per ha QIA as in Table 4 x s  as reported in land use statistics. 

2. Value of output per ha GUIA as in Table 4 x E  as reported in land use statistics. 

TABLE 22. OUTPUT PER HECTARE OF GROSS IRRIGATED AND GROSS UNIRRIGATED AREAS 
(AVERAOE FOR THE PERIOD 1979-80 TO 1983-84) 

(in Rs) 
State , Output per hectare of Gross Area 

Difference Ratio 
Irrigated Uninigated 

Gujarat 6,353 2,714 3,639 2.34 
Kamataka 6.825 2,297 4.528 2.97 
Maharashtra 
Madhya Pradesh 
Orissa 
West Ben a1 
Tamil ~ a l u  
Uttar Pradesh 
Andhra Pradesh 
Punjab 
Bihar 
Rajasthan $400 1;020 2,380 3.33 
Haryana 4,500 1,293 3,107 3.48 

On this basis, the productivity per unit of 
irrigated land and, much more importantly, the 
absolute as well as the relative difference between 
irrigated and unirrigated land is considerably 
higher than suggested by Table 22. In absolute 
terms a hectare of irrigated land yields between 
Rs 1,100 to Rs 7,300 more than a hectare of 
unirrigated land while in relative terms the former 
yields between 30 and 285 per cent more than the 
latter. 

These figures however underestimate the dif- 
ference in  productivity of irrigated and unirri- 
gated areas for the following reasons: in the fist 
place, in so far as a part of the area under crops 
assumed to be wholly irrigated is in fact rainfed, 
the calculated yield of these crops will be lower 
than would be the case if yields on irrigated and 

rainfed componknts were estimated separately; 
by the same token the procedure would overstate 
the yield of rainfed area for crops which are 
assumed to be wholly rainfed. A second reason is 
that the entire area under irrigated crops is not 
coveredby the estimates and theseexcludedcrops 
(vegetables, condiments and spices, flowers) are 
often high value crops. Thirdly, irrigated land 
oftengrows superiorquality of agivencrop which 
commands a higher value in the market compared 
to the produce of unirrigated land. For instance, 
long staple cotton which fetches a much higher 
price per kg than ordinary varieties is mostly 
grown under irrigated conditions. In Tamil Nadu, 
irrigated groundnut is found to fetch a consider- 
ably higher price than unirrigated groundnut 
[Iyengar, 19911. 
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TABLE 23. OUTPUTPER HECTARE OF IRRIOA'IED AND UNIRRIOATED LANDS (AVERAOE FOR THE PERIOD 197980TO 1983-84) 
(in Rs) 

State Output per Hectare Difference Ratio 

Irrigated 
$,;? 

Unimaated 

Gujarat 
Kamataka 
Maharashtra 
Madhya Pradesh 
Orissa 
Tamil Nadu 
Uttar Pradesh 
Andhra Pradesh 
Punjab 
Bihar 
Rajasthan 
Haryana 

A further, and even larger, source of bias in our Because of this, the bias in the estimates of 
estimate of yield per hectare of irrigated and differential productivity of the two categories of 
unirrigated land (as distinct from irrigated and land is also likely to be higher in these states. This 
unirrigated crop area) arises from the implicit is apt to vitiate comparisons of productivity dif- 
assumption that the ratio of gross irrigated to net ferential between irrigated and unirrigated lands 
irrigated area and of gross unirrigated to net acrossstates. 
unirrigated area accurately reflect the cropping 
intensity of higated and unirrigated lands, Factors Underlying Variations 
respectively. This assumption is open to question. 

A piece of unirrigated land9-b~ definition, The high variability a r o s s  states in the level of 
cannot grow any irrigated crop. But a piece of Fr hectare oulpul on ifligated and unirrigaled 
irrigated land grow an irrigatdcroP in one areas as well as in the differentials between the 

and a in another. In north two is noteworthy and calls for explanation. One 
Indian states, for instance, it is possible to raise a Would expct that unirrigared yields would tend 
kharif On the basis of to be higherin regions relafively high 
monsoon rainfall while rabi crops (e.g., wheat) 
are widely grown under irrigated conditions. In and that irrigation would make a relatively 

so far as  this happens, GIA/NIA is likely to smaller impact on cropping intensity, yields and 

understate, even as GUI A/NUIA will exaggerate, crop patterns in regions with high rainfall com- 

the intensity of cropping on irrigated and rainfed P ared to those with low anduncertain rainfall. The 
lands, respectively. Which implies that our pro- duration of the rainy the 

cedure overestimates the pprductivity of unb i -  distributionofprecipitation andits variability will 
gated ]and and llnderextimates that of irrigated $SO affect the OUtCOme. The other factors which 
land as well as  the difference between the two. would affect productivity include the quality of 

It will be noticed from Table 24 that in several irrigation in terms of duration and reliability of 
states there is hardly any difference between water supplies and the extent to which timing and 
GIA/NIA and GUIANIA.  In general, the two quantum ofirrigation can beadjusted to theactual 
ratios are much closer to each other in northern need of crops in each season. In principle, these 
states than in the south. In some cases (like Uttar expectations can beempirically verified. But our 
Pradesh, Madhya Pradesh and Bihar) attempts to do so failed to yield any definitive 
GUIAFTUIA is in fact higher than GIA/NIA. results. 
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TABLE 7.4. DETAILS OF CROPPINa hTBNSl'l'Y IN IRRIOATED LAND (OIA/MA) AND 
UNIRRIGATED LAND (OUIAiNUIA) DURING 1979-80 TO 1983-84 

In UnIrr In UnIn Irr UnIn In UnIn In UnIrr 

Gujarat 
Kamataka 
Maharashtra 
Madhya Pradesh 
Orissa 
Tamil Nadu 
Uttar Pradesh 
Andhra Pradesh 
Punjab 
Bihar 
Rajasthan 
Haryana 

Notes: Irr = Cropping intensi~y in imgaled land GIAhTA 
UnIn = Cropping intensity in unimgated land GUIAINUIA 

The level of yield per gross unirrigated hectare 
shows a significant positive association with 
average rainfall and a negative one with the 
proportion of rainfall accounted by the south west 
monsoon. This means that unirrigated yields tend 
to be higher in regions with relatively high rainfall 
and those with relatively more even seasonal 
distribution of it. However, neither rainfall 
characteristics nor the proportion of irrigated area 
under tanks or wells seem to be significant in 
accounting for inter-state variations in irrigated 
yields. Dhawan [I9881 also reports that the 
inter-state variations in per ha output of unirri- 
gated areas (in 1983-84) is positively correlated, 
and that of imgated areas negatively correlated 
with rainfall. The significance of the correlation 
is not indicated. 

Again neither the absolute nor the relative dif- 
ference between irrigated and unirrigated yields 
shows any significant ass&?ation with rainfall 
and its distribution or the quality of irrigation 
(judged by the proportion of area irrigated served 
by tanks,orby wells). Dhawan [1988].reports that 
differential between irrigated and unirrigated 
yields is negatively related to rainfall and posi- 
tively to fertiliser use (assumed to be confined to 
irrigated areas). Dhawan uses linear multiple 
regression of output over uninigatedareaandarea 
irrigated by different sources to estimate the per 
ha yield of each category of land. The estimates 

in general show coefficient for rainfed areas to be 
lower than for irrigated areas, and for the coef- 
ficient for wells to be higher than for canals or 
tanks. For a particular state, the coefficients as 
well as the difference between them differ con- 
siderably from period to period. Dhawan also 
presents data about the productivity differences 
between areas irrigated by different sources in 
Andhra Pradesh based on a NCAER survey. 
While the superiority of wells comes out clearly 
in Andhra Pradesh, there seems to be no differ- 
ence between sources in Uttar Pradesh [Dhawan, 
1988, Pp. 117, 1301. A scrutiny of the scatters 
however suggests that there may be discontinui- 
ties. The states seem to fail into two distinct 
groups: one comprising Bihar, Haryana, Madhya 
Pradesh, Orissa, Rajasthan and Uttar Pradesh and 
the other including Andhra Pradesh, Gujarat, 
Karnataka, Maharashua,Punjab,TamilNadu and 
West Bengal. The former has consistently lower 
imgated and unirrigated yields than the latter. 
Within each group high irrigated yields seem to 
be associated with high unirrigated yields; also 
the differential between irrigated and rainfed 
yields appears to be inversely correlated with the 
level of uninigated yields. 

These rather anaemic conclusions may, in  some 
measure, reflect defects in (a) the productivity 
estimates which, as mentioned earlier, tend to 
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underestimate irrigated productivity and over- 
state rainfed productivity but not uniformly 
across regions; (b) estimates of average rainfall 
of states comprising large and heterogeneous 
tracts; and (c) the quality of data on source-wise 
imgated area. Moreover, the relations between 
these factors (and the interactions among them) 
and yield may not be linear and additive which is 
an assumption implicit in the analysis. Some of 
these difficulties can be mitigated, but not wholly 
avoided, if the analyses could be done at a more 
disaggregated level- say districts. As far as the 
state level analysis is concerned, no definite 
relations were found. 

TRENDS AND FLUCTUATIONS IN PRODUCTIVITY 

used for statistical trend fitting. 
In all but five states productivity per hectare of 

irrigatedcrop area shows a statistically significant 
rising trend best approximated by semi-log 
(constant growth) function in seven states (Kar- 
nataka, Orissa, West Bengal, Uttar Pradesh, 
Andhra Pradesh, Punjab and Haryana) with the 
growth rates ranging from 2.3 to 4.2 per cent per 
annum; an accelerating trend is seen in one 
(Madhya Pradesh). By contrast, in all but four 
states, the productivity per hectare of unirrigated 
crop area shows no significant trend at all; three 
states (Ofissa, Andhra Pradesh, Bihar) show a 
trend rise (one of them, viz., Orissa, accelerating) 
and the fourth (Maharashtra) a decline (seeTable 
25). Dhawan [I9881 reports that a linear regres- 
sion of yield on rainfalland time showed that the 

The time pattern of Oufput and yield changes time wend in irrigated yield is 
being varied, it is both i n a ~ ~ m ~ r i a t e  mls- significant for states Rajwhan. The 
leading to estimate trends or measure the degree trends in unirrigaed yields are in most cases 
of instability (which has to be with reference to 
the trend) on the basis of a single, uniform nOn-significant* 
function for all the series. [Fora discussion of this As we have wed two methods to 
see Indian Journal of Agricultural Economics IIlfXt3ure the in yield: (i) mean of the 
(IJAE), 19801. In order to avoid this, we have percentage from vend 
fitted the following three functions to each of the eshmates from best fitting function Or where no 
series: function fits from the mean of the series, and (ii) 

mean of the percentage deviation of actuals from 
i) = a+bt implying a constant, absolute five-year moving average. Except Maharashtra 

change in y per unit of time and a declining and Bihar the instability of unirrigated crops is 
growth rate over time. greater than irrigated under both the methods of 

ii) logy = a+bt implying a constant growth rate. measurement (Table 26). When we consider the 
iii) log y = a+bt+ct2 which tests for steady first method only, apart from the two states 

acceleration or deceleration of growth. mentioned above, in Madhya Pradesh also irri- 
gated yield is more unstable than uninigated. The 

The function which best fits each series (on the fact that sample survey estimates of irrigated yield 
basis of significance) is taken as the basis for for major crops are subject to larger margin of 
assessing the direction and magnitude of the trend error would exaggerate the fluctuations in irri- 
as well as the extent of instability. Where none of gated yields relative to that in unirrigated yields, 
theabovefunctionsgiveastatistically significant To this extent our estimates of instability of 
fit, we infer that there is no trend. The degree of irrigated yields have an upward bias which is 
instability in such cases is estimated as the statistical in nature. This bias only reinforces the 
arithmetic mean of the percentage deviation of conclusion that yields of rainfed crops are more 
each year's actual value from the mean for the unstable. The fact that in a majority of states 
entire period. As an alternative procedure, we irrigated yield is more stable than unirrigated is 
have used the mean of the percentage deviation according to expectation and also in conformity 
of actuals from five-year moving averages for with empirical findings of other studies. See, for 
each year as a measure of instability. This pro- example, Dhawan [1988, Ch. 71. The instability 
cedure in effect allows for systematic changes in in yields after eliminating trend is seen to be 
yieldovertime(includingcycles)ofamuch wider substantially lower under irrigated conditions 
range than covered by the three functional forms than in rainfed cropping. 
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TABLB 25.  ENDS IN THE OUTPUT P&R HECTARE OF GROSS ~RIOATED AND UNIRRIOATED 
AREAS IN MAJOR STATES FOR THEPERIOD 1970.71 TO 1983-84 

State Imgated Unirrigated 

E' b c 2 b c 
- - -- - 

Gujarat NS NS 
Kamataka 0.82 0.042 NS 
Maharashtra NS 0.68 -0.047 
Madhya Pradesh 0.38 0.018 0.006 NS 
Orissa 0.75 0.035 0.25 0.015 0.003 
West Bengal 0.24 0.023 NS 
Tamil Nadu NS NS 
Uttar Pradesh 0.73 0.038 NS 
Andhra Pradesh 0.90 0.030 0.56 0.026 
Punjab 0.86 0.030 NS 
Bihar NS 0.44 0.020 
Rajasthan NS NS 
Haryana 0.56 0.029 NS 

Note: NS =No significant trend. 
In other cases results relate to the best fitting function which is generally Lny = a t bt, except Madhya Pradesh (inigated) and 
Orissa (unimgated) where the best fitling function is Lny t a t bt + ct . 

TABLE% ~sTAJ~ILITY IN IRRIGATED AND UNIRRIOATED YIELDS 

State Method I Method I1 - 
Irrigated (%) Unirrigated (%) 1rrigated (%) Unirrigated (%) 

Gujarat 20.50 24.88 17.79 15.95 
Kamataka 5.25 16.18 3.72 12.76 
Maharashtra 14.36 7.76 12.58 8.24 
Madhya Pradesh 14.09 12.74 10.29 12.56 
Orissa 6.59 10.18 7.42 9.59 
West Bcngal 11.55 19.36 6.66 12.40 
Tamil Nadu 6.92 11.18 5.15 11.51 
Uttar Pradesh 7.19 12.16 6.32 13.95 
Andhra Pradesh 3.40 7.00 2.89 7.00 
Punjab 4.15 7.53 3.74 8.05 
Bihar 7.84 7.45 7.48 6.6 1 
Rajasthan 9.05 25.22 10.47 17.50 
Haryana 7.63 21.40 5.79 15.79 

- -- 

Notes: Method I: Mean of the percentage deviation of actual from trend values estimated from best fitting trend or, where n o  
function fits, the mean of the series. 
Method II: Mean of the percentage deviation of aetuals from five-year moving average. 

As for output per net irrigated and unirrigated 
land (Table 27), out of twelve states for which 
data is available, eight states (Kamataka, Madhya 
Pradesh, Orissa, Uttar Pradesh, Andhra Pradesh, 
Punjab, Bihar and Haryana) show a rising trend 
in the case of irrigated yield. Of these, two 
(Madhya Pradesh and Uttar Pradesh) experienced 
an acceleration and one (Orissa) deceleration in 
yield growth. The remaining four states (Tamil 
Nadu, Gujarat, Maharashtra and Rajasthan) show 

no trend. By contrast, in the case of unirrigated 
land eight states (Gujarat, Kamataka, Madhya 
Pradesh, Tamil Nadu, Andhra Pradesh, Punjab, 
Rajasthan and Haryana) show no trend in output 
per hectare. Four states (Maharashtra, Orissa, 
UttarPradesh andBihar) show an increasing trend 
of which one (Orissa) is accelerating, 

In three states, viz., Gujarat, Tamil Nadu and 
Rajasthan there is no significant trend in pro- 
duction per hectare of both irrigated and unirri- 
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gated lands, while both show arising trend in three while output per unit of irrigated land shows an 
other states, namely, Orissa, Uttar Pradesh and increasing trend, there is either decline or no 
Bihar. In five states (viz., Karnataka, Madhya significant trend in unirrigated yields. Only in 
Pradesh, Punjab, Andhra Pradesh and Haryana) Maharashtra is the reverse of the case. 

TABLE 27. TRENDS IN OUTPUT PER HECTARE OFNET IRRIGATED AND U N I R ~ A T E D  AREAS 
IN MAJOR STATES FOR THE PERIOD 197071 TO 1983-84 

State Irrigated Unimgated 

3 b c R b c 

Gujarat 
Karnataka 
Maharashtra 
Madhya Pradesh 
Orissa 
Tamil Nadu 
Uttar Pradesh 
Andhra Pradesh 
Punjab 
Bihar 
Raiasthan 

Note: 
1. N S  = No significant trend. In other cases results relate to the best fitting function which is generally Lny = a+bt, except 
Madhya Pradesh (irrigated) and Andhra Pradesh (bothirrigated and unimgated) where h e  best fitting function is y = a t bts. 
In Madhya Pradesh. Orissa and Uttar Pradesh (all imgated) and Orissa (unirrigated) the best fitting function is Lny = a + bt 
+ ctZ. 
2. Data on NIA/NUIA for West Bengal and Haryana are not available and hence excluded from the analysis. 

Trends in irrigated and Unirrigated Yield the differential in terms of outputs per hectare of 
Differentials gross cropped area is seen to be increasing in most 

cases, with the trend being statistically significant 
That inigated yields are rising in most cases in eight states (Table 28). Much the same panem 

even as unirrigated yields show no significant 
Vends over time implies that the differentials isobservedin the ratioof imgatedand unirrigated 
between irrigated and unimigated yields must be yields. The pace of widenifig is the greatest in 
rising. This is indeed the case. In absolute terms, Punjab and Haryana. 

TABLE 28. TRENDS IN ABSOLUTE AND RELA'IIVE DLFFU~ENCES IN TI IE IKRIOATEB AND UNIRRIOATED 
YIELDSPER UNITOF GROSS AREA IX MAJOR STATES 1-DR TIIEPERIOD 1970-71 TO 1983-34 

State Absolute Difference Ratio of Irrigated to Unirrigated Yield 
.- 

TP b c i? b c 

Gujarat 
Karnataka 
Maharashtra 
Madhya Radesh 
Orissa 
West Bcngal 
Tamil Nadu 
Ut lu  Pradesh 
Andha Pradesh 
Punjab 
Bihar 
Rajiisthan 
Haryana 0.87 0.056 0.47 0.044 

Note: NS.=No si niticant trend. In other cases results relate the %t fitting function which i s  gmerally Lny = atbt, except Madhya 
~adcsh(crrlgat& where best fitting function is Lny = r+bt+ct . 
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There are a few states where the differential 
seems to be declining (largely because of stag- 
nation or fall in irrigated yields) but except in 
Bihar these are not statistically significant trends. 
In Bihar, unlike in any other state, the imgated- 
unirrigated yield differential shows a strong 
declining trend because the estimated yield per ha 
of irrigated crop area shows no significant trend 
while that of unirrigated area shows a statistically 
significant trendrise ofaround two per cent a year. 
Andhra Pradesh and Maharashtra, where the 
differential shows no significant trend, are also 
among the few states where the unirrigated yield 
shows a statistically significant rising trend; 
irrigated yields show no trend in Maharashtra, 
while they are rising in Andhra Pradesh, the rate 
of increase is not much higher than that of rainfed 
crops. In interpreting these trends, one must of 
course bear in hind &at the estimates of irrigated 
yields are subjcct to a larger margin of sampling 
error as discussed earlier. 

v 
IMPACT OFIRRIOATION ON CROPPING INTENSITY, [ROP 

PATPERNS AND PRODUCIIWTY IN TAMUNADU 

In the previous section we presented state level 
estimate of the productivity of irrigated and 
uninigated areas as well as their relative move- 
ment over time with some attempt to see whether 
differentials in productivity between these 
categories of land bear any relation to rainfall, its 
seasonal distribution and imgation quality. This 
section attempts a similar exercise using district 
level data for Tamil Nadu. It also seeks to explore 
the impact of irrigation on cropping intensity, 
crop patterns and thedegree of diversification of 
crop husbandry. We begin with a discussion of 
crop intensity; this is followed by an analysis of 
irrigated and unirrigated crop patterns; the final 
section deals with output per unit area. 

CROPPING INTENSITY 

All recent explorations of the determinant of 
cropping intensity variations and trends [Ray, 
1989; Dhawan, 1991 and Mahendra Dev, 19911 
confirm the importance of irrigation in raising 
crop intensity. Mahendra Dev's study covers 
districtsof TamilNadu, InTamilNadu, as inmost 

parts of the country, unirrigated lands can only 
grow seasonal crops which take 120-150 days to 
mature on the basis of limited and uncertain 
moisture available from rainfall. Irrigation, in so 
far as it increases the quantum of water available 
to the crops, makes possible the cultivation of 
relatively water intensive seasonal crops partic- 
ularly paddy. In so far as it also makes water 
available for a longer duration after the monsoon 
is over, irrigation permits cropping in the dry 
season as well. This could take the form of 
growing a different crop during the dry season, 
growing longer duration crops (like sugarcane) or 
crop varieties (as in the case of paddy). All of 
which mean that a piece of land with access to 
irrigation will grow crops for more months in a 
year than those which depend wholly on rainfall. 

Regional Variations 

During the quinquennium ending 1986, im- 
gated cropping intensity as conventionally mea- 
sured (i.e., GIA/NIA) range from 1.04 in 
Ramanathapuram to 1.45 in South Arcot; and 
unirrigated intensity (GUIA/NUIA) from around 
1 in Ramanathapurarn to 3.4 in Thanjavur. Inmost 
districtsirrigated cropping intensity is higher than 
on unirrigaed areas. However, an extreme 
excnlple of this is Thanjavur where G U I A N I A  
works out to 3.4, compared to G I N A  of 1.34. 
Clearly it is absurd to infer from this that rainfed 
land in Thanjavur is cropped three and half times 
a year. The fact is that a substantial part of the 
land classified as imgated ( N I W S A  = 87 per 
cent) is cropped without any irrigation in one or 
two seasons. This is perhaps the reason that 
GUIAtNUIA is greater than GIA/NIA in Ching- 
leput also. In general the conventional measure 
understates the differential in cropping intensities 
on the two classes of land. The more apprapriate 
measure would be gross cropped area on irrigated 
land per unit of MA (rather than GIA/NIA). This 
index would show the cropping intensity on 
irrigated land to be considerably higher, and that 
of uninigated land lower, than the conventional 
estimates. 
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Determinants 

One might expect the cropping intensities to be 
a function of the level of rainfall, its seasonal 
distribution and the extent and quality of irriga- 
tion. On unirrigated areas, rainfalland its scasonal 
distribution must be the dominant factors. The 
expectation is that the higher the rainfall and 
smaller its seasonal concentration, the higher will 
be the cropping intensity. On irrigated areas the 
quality of irrigation is an additional factor: well 
irrigation (presumed to be available for a longer 
period and more controllable) is of superior 
quality, while water supply from tanks is rather 
uncertain. One might therefore expect irrigated 
cropping intensity to be higher in areas with a 
relatively high proportion of irrigated land under 
wells; the greater dependence on tanks is likely 
to lower the irrigated cropping intensity. 

We have tested thcse expectations against the 
p l e d  data for all the districts for four points of 
time (Table 29). Vie regressions show that, other 
things given, GIA/NIA tends to be higher when 
total rainfall is higher; when its seasonal con- 
centration is lcss; and when a higher proportion 
of irrigated area is under wells. The first two 

associations m statistically significant but the 
third is not. 

Unirrigated cropping intensity (GUIA/NUIA) 
also is strongly and positively associated with 
total rainfall and, somewhat surprisingly, also its 
seasonal concentration. If we include the irriga- 
tion ratio along with the level and seasonal con- 
centration of rainfall among the explanatory 
variables, the coefficient for the latter becomes 
non-significant, irrigation emerging as a strong 
influence on unirrigated cropping intensity con- 
ventionally measured. Given the limitation of the 
conventional measure of irrigated and rainfed 
cropping intensity- the former being an under- 
estimate and the latter an overestimale, with the 
extent of the bias varying across districts- these 
associations need to be interpreted with caution. 

These limitations however do not apply to 
overall crop intensity (GCANSA) which is seen 
to be significantly influenced only by the irriga- 
tion ratio and the level of rainfall- the higher the 
irrigation ratio. and the higher the rainfall, the 
higher tends to be the overall cropping intcnsity. 
The seasonal distribution of rainfdl and the 
relative importance of irrigation sources turn out 
to be non-significant. 

TABLE 29. RELATION BETWEEN C~OPPING  TENSITY AND S U ~ E D  AGRO-CLIMATIC VARIABLES. T , W  NADU 

Independent variables 

Total Rainfall % Rainfall in NIA/NSA %MA sewed by 
NE monsoon ---- 

wells mks R2 

CCAINSA 0.029423* -0.12839 0.321876* 0.00303 -0.M19922 0.595 
(0.01002) (0.210) (0.1 3093) (0.09444) (0.0639 1) 

Figures in brackets refer to standard error of estimated coefficients. 
* denotes coefficients which a r e  statistically significant. 
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CROP PA'ITERN Tirunelveli; and ragi in Salem. Pulses account for 

Salient Features a relatively higher proportion of unirrigated crop 
area in Coimbatore, Salem, Tirunelveli and 

In Tamil Nadu cereals other than paddy, Madurai (all relatively low rainfall districts) 
oilseeds and pulses are the dominant unirrigated while in Kanyakumari and Chingleput (both 
crops (Table 30). Together they account for 77 characterised by relatively high rainfall) it is 
Per cent of total unirrigated gross cropped area. negligible. The high incidence of unirrigated 
This Patem holds in most districts, except pulse cropping in Thanjavur seems to reflat the 
Chingle~ut and Rammathapuram where Ihe practice of growing this crop on residuahoistwe 

of rain fed paddy is rather extensive alter the paddy is hzvestedd oilseeds (groundnut) 
and accounts for a substantial portion of unirri- 
gated crop area. Cereals are a heterogeneous is the dominant rainfed crop inNorth Arcot, South 
group, comprising several different crops whose and Chingle~ut; and prominent in Salem* 
relative importan~e varies from district to district. nanjavur and Timchira~~dl i -  cqton is a sig- 
For instance, chdlam is prominent in Coimbatore, nificant rainfed crop only in ~ h n e l v e l i  and 
Madurai and Salem; cumbu in South Areot and Ramanathapurarn. 

TABLEI 30. CROP P A ~ S  IN IRRIGATED AND UNlRRlOAlZiD AREAS. 1978-79 TO 1982-83 
(ver cent) 

Paddy Other Pulses Oilseeds Cotton Sugar Condiments Fruits & Tobacco ONFC 
Cereals cane &Spices Vegetables 

Cbingleput UI 39.9 9.7 3.9 39.7 neg 0.5 03 4.1 0.0 2.0 
I 81.9 43 02 10.2 ne 1.2 0.8 1.1 0.0 0.3 

Coimbatorc UI 05 52.3 20.1 17.9 0j 0.1 0.4 0.1 0.0 7.8 
I 27.5 19.9 1.0 20.8 6.7 11.0 4 -6 5.0 2 .0 1.4 

Kanyakumari UI 0.0 0.0 2.4 29.0 5.7 6.0 31.2 neg 25.6 

'M G2 1% 1;; 
0.1 45 

Madurai 1.6 6.8 
1 52.8 11.6 0.6 9.3 9.9 3.9 2 A 8.3 0.7 

NorUl Arcot UI 0.4 25.7 10.8 60.3 ne 0.1 03 2.0 neg 0.4 
I 67.6 63 0.1 12.3 03 10.5 0.7 2 .O 

Ramanathapram UI 26.8 25.6 6.6 10.6 11.0 1.3 5.4 
I 73.6 5.8 0.3 3.2 5.3 2.2 7.3 

1.5 :z 1% 
1.9 

South Arm UI 8.8 35.2 10.5 33.9 0.7 0.2 1.9 
I 66.2 6.6 0.4 14.8 15 7.2 0.6 2.2 0.5 

8.0 3 :$ 
Salem U1 0.1 48.8 18.9 24 3 1.4 0.1 0.6 3.4 2.3 

I 41.4 14.4 05 4.7 6.4 10.0 2.5 12.9 2.0 
Thanjaw UI 7.6 1.9 55.7 23.5 0.1 0.3 03 2.6 ne 7.9 

I 94.5 0.4 2.0 03 13 0.2 1.0 0.f 0.1 
Tiruchirappalli UI 6.4 54.7 7.  19.3 0.7 0.1 4.9 5.9 ne 0.6 

I 69.2 7.1 03 83 0.6 4.6 3.8 53 0.f 0.5 
Timnelveli UI 02 29.9 14.3 5.6 20.5 4.0 7.6 0.8 ne 16.8 

1 62.6 8.4 0.9 4.1 7.8 0.6 8.0 6.6 0.f 0.9 
Tamil Nadu UI 6.0 38.1 15.9 23.3 3.9 0.7 2 5  4.0 neg 5.6 

I 66.4 7.8 0.4 9.3 3.3 5.1 2.6 4.1 reg 0.7 

Note: O N E  stands for other non-food crops. 
S O W :  ~ovcmukent of Tamil Nadu. Season and Crop Reporfs: various issues. 

The irrigated crop pattern is dominated by 
paddy which accounts for nearly two-thirds of the 
gross irrigated area compared to a mere six per 
cent of gross unimgated crop area. Correspond- 
ingly, other cereals, pulses and oilseeds figure 
much less prominently among irrigated crops. 
The proportion devoted to sugarcane is much 
higher on irrigated areas (5.1 per cent compared 
to 0.7 per cent on rainfed crop area) but its 
importance (in terms of area) is obviously small 
compared to paddy. There is not much difference 

between the two categories of land in the share of 
cotton, condiments and spices and fruits and 
vegetables. 

At the district level also irrigated and unirri- 
gated cropping follow a broadly similar pattern. 
However, there are important differences. Thus 
the dominance of paddy on irrigated areas is very 
marked in Chingleput, Kanyakumari and Than- 
javur; by contrast, in Coimbatore and also i n  
Salem and Madurai (all of which incidentally fall 
i n  the relatively low rainfall tracts of the state), 
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paddy is not as prominent among the irrigated 
crops. The irrigated crop patterns in Coimbatore 
and Salem are among the most diversified in 
the state, with sizable proportions of area 
devoted to oilseeds (mainly groundnut), sug- 
arcane, cotton, condiments and spices, and 
fruits and vegetables. The share of all these 
crops in the irrigated crop pattem is higher, 
often much higher, compared to the unirrigated 
areas. In Madurai too, irrigated crop pattem is 
rather diversified though not of the same degree 
as in Coimbatore or Salem. 

Changes Over Time 

Looking at changes over time, the relative 
importance of paddy as well as other cereals in 
gross irrigated area has progressively declined 
since the early 1950s; while that of sugarcane, 
oilseeds, condiments and spices and fruits and 
vegetables have risen sharply. The rise in the 
share of sugarcane, a highly water intensive crop, 
is most marked in Coimbatore, Salem, South 
Arcot and North Arcot. Cotton has gained 
importance as an irrigated crop in some disBicts, 
notably Salem, Tirunelveli and Madurai. The fall 
in the share of paddy is noticeable mainly in 
Madurai, North and South Arcot, Chingleput and 
Tirunelveli. The share of cereals on a whole in 
unirrigated crop area has also fallen. The main 
gainer being pulses, and to a small extent fruits 

and vegetables. In some districts (Chingleput, 
North Arcot and Salem), oilseeds cultivation has 
become more widespread on unirrigated areas. 

Irrigation and Crop Diversification 

Irrigation not only changes the nature and 
composition of crops grown, but also leads to a 
higher degree of crop concentration. One index 
of crop concentration is the proportion of total 
cropped area accounted by the three largest crops. 
Taking the state as a whole, the three crops grown 
most extensively on irrigated areas (namely, 
paddy, oilseeds and cotton) account for a much 
higher proportion of gross irrigated area than the 
corresponding index for unirrigated areas. This is 
also true in practically all the districts. 

An alternative and more comprehensive mea- 
sure of concenttation is the extent to which actual 
shares of the selected crop groups deviate from a 
situation of maximum diversification, i.e., when 
the total area is equally distributed among all the 
specified crops. This is reflected i n  the coefficient 
of variation of Aj / A (i = i.....n) with reference to 
the mean share of each crop when area is equally 
distributed ((A / n) / A) x 100 = 100/n. This index 
as well-as that of spatial specialisation discussed 
subsequently was suggested by Asha Iyengar, 
[1991]. This again shows that irrigated crop 
patterns have a higher degree of crop concentra- 
tion than unikigated pattems (Table 31). 

TABLE 31. DEOREE OF CROP CONCENTRATION IN IRRIGATED AND UNIRRIGATED AREAS, DISTRICTS OF TAMILNADU 

District 

Coimbatwe 
Chingleput 
Kanyakumari 
Madurai 
N o d  Arcot 
Ramanathapuram 
South Arcot 
Salem 
Thanjawr 
Tiruchirapalli 
Tirunelveli 

195 1-55 1958-62 1 %8-72 1978-82 

Irrigated Uninigated Inigated Uninigated Inigated Unimgated Irrigated Unimgated 



636 .JOIIRNAL OF lNDlM SCHOOL OF POLITICAL ECONOMY 00'-DEC. 1994 

Inter-district Variuilons 1958-62, the tendency being more marked in 
Coimbatore, Madurai and Salem, and rather weak 

District level data show considerable variation in Chingleput and Tirunelveli. There is not much 
in the concentration indices in both categories of of a change in Thanjavur and Timchirappdli, 
land. Overall, during 1978-79 to 1982-83, ini- while in Kanyakumari and Ramanathapwarn 
gated crop patterns were less diversified than on irrigated cropping seems to have got more con- 
rainfed areas in all but one district. The exception centrated. In sharp contrast, rainfed cropping has 
is Coimbatore where the irrigated crop pattern is tended to become less diversified in a majority of 
far more diversified than in any other district and the districts (six out of eleven), the tendency being 
also compared to rainfed crop patems in he mostmarkedinThanjavurandCoimbatore.There 
district. is not much change in Madurai, Ramanathapu- 
. . ~ ~ ~ ~ t  fro*. Coimbatae, idgaa crop patkm 'am, South Arcot andTiruchirappalli. T@nelveli 

is relatively more diversifid in Salem and is the only district where b e  cropping on 
Madurai, All these districts have low rainfall and "irrigated areas is getting more diversified. 
a relatively high degree of dependence on wells. The is narrowing down Of the differ- 
ware,. intensive cmps l&e paddy are relatively ences in the index of crop concentration between 
less impaant in these districts. me extent of the two categories of land in a majority of districts 

diversification is relatively low in Thanjavur, (especially since 1958-62). In three districts 
(Ramanathapuram, Tiruchirappalli and Tirund- Chingle~utand Kan~akumari* of which have Veli), whne the diversification indices do not relatively high rainfall and in two of them tanks show any susrained Uend, the differential also has 

are the dominant inigation source' of not changed appreciably. Coimbatare is again the 
pB. cent ofthe dgatedsrea is d e v o t ~ o  paddy exception to his patem - fie inigstd crop 

Unirrigated cmp patterns are most diversified has become more and mne 
inRamanatha~uram*~stl~ beCauscculIivatiOnOf relative to that of Unhigated areas. The reason 
rsinf4paddy is rather The degreeof for this is beyond fie scope of the present paper 
diversification is also quite high in Tirunelveli but merits closer study. 
and Madurai. All these districts have relatively 
low rainfall; diversified cropping seems to reflect Underlying F~~~~~~ 
the strategy of farmers to reduce the risks asso- 
ciated with low and ~recuious rainfall. BY con- We explored the extent to which the degree of 
trast, districts with high rainfail have relatively crop concentration on irrigated and unirrigated 
much less diversified rainfed crop patterns. areas might be influenced by rainfdl and irriga- 

The difference between the diversification tion characteristics (Table 32). Again using 
indices is most mwked in RamanathaPuram pooled data for the eleven dishicts in all four 
which combines a diversified rainfed crop pattern periods, he crop concentration index for irrigated 
with a highly paddy-centric crop pattern on irri- is seen to increase with rainfall and its 
gated areas. It is relatively large in Tiruchirappdli seasonal concentration, and to fall as the pro- 
and Tirunelveli, where irrigation is concentrated portion of area irrigated by wells increases. ~ 1 1  
in river valleys and used mainly for paddy. At the coefficients are significant and a major part of the 
other extreme are Coimbatore and Salem, both variation in the diversification index isaccounted 
with extraordinarily diversified irrigation crop for by these factors. On unirrigated areas total 
patterns, Salem having, in addition, a relatively rainfall turns out to have a significant influence 
diversified rainfed cropping. on cropping if we consider only rainfall charac- 

teristics; but once irrigation is also included as a 
Trends Over Time possible explanatory variable the crop 

.concentration is seen to be in strong positive 
On irrigated areas, seven out of the eleven association with the irrigation ratio and- not so 

districts show a tendency for increased diversi- strongly- inversely related to the seasonal con- 
fication of irrigated cropping, mostly after centration of rainfall. 
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TABLE 32. -TION BETWEEN DEGREE OF CROP CONCENTRATION AND AOROCLIMATIC VARIABLES 

Total Rainfall % RF in NE NIA/NSA %MA served by 
Monsoon 

Wells Tanks Rz 

Imgated areas 0.13719* 1.12982* -1.18391* 0.7% 
(0.0301 5) (0.55395) (0.30319) 

Unirrigated areas 0.8684* -0.0715 0.295 
(0.02336) (0.49633) 

0.04 -1.2785** 1.02953* 0.370 
(0.03) (0.6502 1) (0.39 106) 

Note: Figures in brackets refer to standard error of coefficient estimate. 
* significant at 5 per cent. 
** significant at 10 per cent. 

Irrigation and Spatial Specialisation of Crops where Aij is the areasown tocrop i in the j'h region, 
the numerator measures the share of region j in 

The crop concentration index gives a measure 
of. the extent of specialisation in crop patterns the total area sown to crop i in all regions (j = 
within a particular geographical area. The spread l.....n), and the denominator measures the total 
of irrigation may also affect the pattern of spatial crop area in region j as a proportion of total crop 
specialisation in particular crops. The index ,a in all regions. The latter helps to normalise 
relevant for this purpose is the coefficient of 
variation of the index by netting out the effects of differences 

in size of each region and (in comparisons over 
time) of differential changes therein. The results 
are summarised in Table 33. 

Inigated Unirrigated 

1951-55 1958-62 1%8-72 1978-82 1951-55 1958-62 1%8-72 1978-82 

Paddy 79.3 75.6 66.1 75.7 199.9 199.3 210.6 222.1 
Cholam 85.9 90.7 100.9 98.6 71.6 75.6 78.4 88.5 
Cumbu 119.7 109.8 76.5 59.2 55.2 72.1 73.5 90.3 
Ragi 48.3 52.0 51.0 67.8 148.7 128.7 134.4 154.6 
Other Cereals 77.0 117.0 104.9 87.0 51.4 38.7 83.1 38.0 
Pulses 150.3 89.4 120.4 76.7 131.4 98.6 94.9 107.4 
Sugar Crops 76.3 78.4 73.0 76.7 146.6 155.6 138.0 158.6 
Gingelly 73.7 57.6 69.1 101.3 88.5 68.3 73.7 81.3 
Groundnut 94.3 64.7 53.7 5 1.0 77.8 81.0 90.8 134.1 
Other Oilseeds 116.9 100.4 107.6 82.7 NA NA N A  NA 
Cotton 150.7 115.7 120.6 96.0 134.1 135.3 150.1 169.2 
Chillies 89.0 94.6 109.0 120.0 132.4 130.8 130.8 151.5 
lbrmeric 169.1 147.8 182.6 174.4 119.2 185.3 153.0 194.5 
Tobacco 195.0 169.8 194.6 170.4 167.7 95.3 154.5 116.0 
Other Food Crops 281.9 277.4 263.3 260.3 87.5 87.8 59.8 71.6 
Other non-Food Crops 95.3 60.6 89.0 83.3 137.2 159.8 149.3 91.7 
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Diferences Between Crops regime than under others. This accounts for the 
considerable variation in the spatial specialisation 

Among irrigated crops the degree of speciali- between crops. 
sation across districts is the lowest in groundnut 
and highest in the group 'other food crops'. It is Changes Over Time 
relatively low for cereal crops, sugar cane and 
pulses and high for chillies turmeric, tobacco and Over time, the degree of spatial specialisation 
other 'minor' crops which evidently are more ofa large majority of rainfed crops on unirrigated 
demanding in terms of environment. Among areas has risen 34). n i s  trend is partic,,- 
unirrigakd crops, in a majority of cases, the hly s a i n g  in lhe major rainfed crops of the 

of spatial specialistion is higher than namely, c.olm, cumb", groundnut and 
among their irrigated cOunterpm- 'Ihis is cotton. This contrasu with the tendency in the surprising in as much as a wider range of crops 
can be grown under irrigation than under rainfed cultivation of majority of irrigated crops (incl- 
condition, and also b e a u s  differences i n  soil- uding paddy cmbu, pulses, groundnut and cot- 
moisture. regimes aaoss regions are lkely to be ton) to w 0 m e  much more diffused s~at ial l~.  
narrower on irrigated than on unirrigated lands. However in a few Crops (cholam, ragi, gingeu~ 
However agroclimatic conditions are still rele- and chillies) imgated cultivation is homing 
vant; some crops do better, even with intigation, more concentrated across space; and there is no 
under some type of soivtemperatme/rainfall change in the spatial concentration of sugarcane. 

Irrigated Area Uninigated Area 

Paddy Other Pulses S.Cane Oilseeds Cotton Paddy Other Pulses S.Cane Oilseeda Cotton 
Cereals Cereals 

Increase RP CBE CPT MDU RP CBE CBE ' CPT 
MDU CBE SA SA MDU NA 
NA MDU SLM TCY RP SLM 
RP NA TLI S A 
SA S A  SLM 
SLM SLM TNJ 

TCY TCY 
TLI TLI 

Decrease CPT CPT CPT TCY CPT CPT TCY CBE 
CBE CBE NA NA MDU 
MDU MDU TNJ RP RP 
SA N A  S A TCY 
SLM RP SLM 
TLI SA TNJ 

SLM TCY 
TCY 

Note: CBE - Coimbatore, CPT - Chinglept, MDU - Madurai. NA - Nolth Arcot, RP - Ramnathpuram, SA - South Arcot, 
S W  - Salem, TCY - Timchimppa11i, TLI - Tinmelveli. TNJ - Thanjawr. 

Underlying Factors produce; and (ii) shifts in comparative advantage 
due to differential changes in technology. The 

Spatial specialisation on either category of land former, which has been a significant feature of 
may change on account of broadly two sets of the post-independence period, may be expected 
factors: (i) the development of transport leading to induce greater regional specialisation all 
to widening and integration of markets for farm arotind. In so far as technological progress, par- 
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titularly in bio-chemical technology, has been 
largely confined to irrigated crops, the second 
factor is likely to have influenced regional spe- 
cialisation in irrigated areas far more than on 
rainfed land. The general tendency towards 
greater regional specialisation among rainfed 
crops and greater specialisation of rainfed crop- 
ping in most districts is consistent with this. So is 
the fact that the pattern of change on irrigated 
areas is mixed. However, the growing importance 
of well irrigation, but at different rates, is likely 
to be an additional inf ,tence. Unravelling the 
relative roles of these factors and the extent to 
which growing regional specialisation on rainfed 
areas has helped to raise overall efficiency call 
for more detailed analysis. 

OU'IPUT PER UNIT AREA 

in earlier discussion because of bifurcation of 
some districts in the early 1980s. Pudukottai and 
.Dharmapuri are newly created districts. These 
relate to the period 1982-83 to 1986-87 and 
outputs are valued on the state average farm 
harvest prices of 1986-87. They are based on the 
statistics of area, production and yield published 
in the Season and Crop Reports of the Govern- 
ment of Tamil Nadu. As in the case of state level 
estimates, the crops have been divided into two 
groups: (i) those for which estimates of area and 
yield are published separately for irrigated and 
unirrigated areas (cholam, cumbu, ragi, ground- 
nut, cotton, sunflower and gingelly); (ii) those for 
which such separate estimates are not published 
but which are known to be predominantly irri- 
gated (paddy, maize, chillies, banana, sugarcane, 
tobacco, potato, onion and turmeric) or rainfed 

Basis of Estimates (korra, v&agu, samai, other cereals and all 
pulses). For the purpose of estimating value 

Estimates of the value of output per hectare of productivity, crops falling in the second group, 
gross irrigated and unirrigated areas for the state the predominan'tly irrigated ones, are taken as part 
as a whole and by districts are given in Table 35. of irrigated agriculture and the predominantly 
The districts mentioned therein differ from those rainfed crops as part of unirrigated agriculture. 

TABLE 35. VALUE OF OUlPUT PER HECTARE OF IRRIQATED AND UNIRRIOATED AREA. 
TAMIL NADU AND DISTRICTS (AVERAGE FOR 198286) 

(Rs at 1986-87 prices) 
District Ratio of Irrigated Rainfall % MA %NIA 

Output per ha of to Rainfed Productivity mm under under 
Tanks Wells 

CIA NIA GUIA NUIA GROSS NET 

Chingleput 
South Arcot 
North Arcot 
Salm 
Dharmapuri 
Coimbatwe 
Tiruchirappalli 
Pudukouai 
Thanjavur 
Madurai 
Ramanathapuram 
Timlve l i  
Tamil Nadu 
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Variations rainfall, the quality of irrigation is also relevant. 
The proportion of net irrigated area served by 

On the average, a hectare of irrigated crop area wells is taken as one index of quality - the higher 
in Tamil Nadu yielded output valued at Rs 8,175, this proportion the better the quality of irrigation. 
nearly four times average for hectare of unini- Tank irrigation is of relatively poor quality - the 
gated crop area (Rs 2,110). The production per higher the proportion of irrigated area served by 
hectare of irrigated crops is the lowest in this source, the lower is likely to be the yield 
Pudukottai (Rs 5,780) and highest in Coimbatore impact of irrigation. 
(Rs 1 1,368). The comparable range for rainfed The association between rainfall and output per 
crops is Rs 1,5 15 (Tirunelveli) and Rs 3,090 hectareof unirrigated crop area is positive but not 
(E'udukottai). The difference in output per gross statistically significant; but the former's associ- 
hectare in absolute terms ranges from around Rs ation with output per unit of net unirrigated area 
2,700 in Pudukottai to Rs 9,600 in Coimbatore; is strongly positive. Pa:odWtivity per u ~ i t  of 
and in relative terms (ratio of irrigated to unirri- irrigated crop area is negatively associated with 
gated productivity) from 2.6 (Chingleput) to 7.75 rainfall and percentage of irrigated land sewed by 
(Coimbatore). These differentials are much wider tanks and positively with percentage of irrigated 
than those obtained from state level estimates and area under wells. However, only the coefficient 
suggest that comparisons across broad regions for tanks is significant- suggegting that the greater 
may tend tounderstate the impact of irrigation on the importance of tank as a source of irrigation, 
productivity . the less the overall productivity of irrigated areas. 

Outputs per unit of net irrigated and net unir- This pattern is also noticed, but to an even weaker 
rigated area are obtained by multiplying the degree, when we focus on variations in output per 
outputs per hectare of gross irrigated and unit of net irrigated area (Table 36). 
unirrigawd by their respective cropping Rainfall and the proportion of irrigated land 
intensities measured- by GIA/NIA and under tanks have a much stronger negative rela- 
G U I ~ I A .  These estimates, for reasons tion with the ratio of irrigated to unirrigated yield. 
already cited, tend to overstate the cropping Somewhat unexpectedly, the relative 
intensity of rainfed land and understate that of productivity differential seems to decline as the 
irrigated land. Except in Chingleput and Than- proportion of irrigated area under wells increases, 
javur (where unirrigated crop intensities are but this association is statistically weak. The ratio 
higher than on irrigated areas) i n  all districts, the of output per unit of net imgated to that per unit 
differential between output per hectare of irri- of net unirrigated area has a significant negative 
gated and unirrigated land is more than the dif- relation to tank irrigation but not to rainfall or 
ferential per unit of cropped area both in absolute wells. This relation is however likely to be vitiated 
and relative terms. by the varying biases across districts involved in 

our procedure for estimating the productivity of 
Underlying Factors irrigated and rainfed land. 

The inter district variations in output per ha of 
irrigated and rainfed crop areas as well as the 
differential between them are the result of several 
environmental and technological factors. A 
complete explanation is beyond the scope of the 
present study. However, it seems reasonable to 
expect that the output per ha of rainfed crops will 
be a function of rainfall and its seasonal distri- 
bution. In the case of inigated areas, besides 

Trends in Yield and Yield Diflerentials 

Analysis of changes in per hectare yield from 
1970-71 to 1985-86 suggests that in seven out of 
ten disiricts there h a s  been a significant rising 
trend in irrigated yield; in three of them the yield 
increase shows acceleration. ~ n i r r i ~ a t e d  yields in 
most cases (eight out of ten) show no significant 
trend; i n  two, they have recorded a significant 
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decline (Table 37). There has thus been a pro- earlier section and series to underline the growing 
$essive wihning in h e  gap &ween irrigated dualism in Indian between an appa- 
and unirrigated yields, both in absolute and 
relative terms. This is in line with the pattern ently stagnant rainfed agriculture the 

observed in our analysis of state level data in the sonably dynamic, irrigated segment. 

Total % MA %MA %RF 
Rainfall Under Tanks Under Wells in NE Monsoon ff 

Outputtha GIA 

NIA 
(3.43080) (43.42707) (60.08357) 

Outputha GUIA 0.9573 0.445 
(0.7785) 

NUIA 3.2056* -18.031 0.521 
(0.8930) (20.833 1) 0.704 

Ratio of output -3 
per ha GIAfiUIA -2.9062* -0.0405* -0.0157 

(1.0753) (8.6935) (0.0110) 
Ratio of wtwt -3 -3 
per  ha^^ -W379 -0.0709* -0.0494 -8.315 0.655 

(2.3959) (0.2892) (0.0508) 10.0640) 

Fi n s  in brackets refer to standard error of estimated coefficients. 
* &nificant at 5 per cent. 
** Signir~cant at 10 per cent (not used in this table). 

TmLe 37.  ENDS IN &RI~ATED AND UNIRRIQATED YIEU) PER HECTARE OP CROPPED AREA, 1970.71 TO 1985-86 

Irrigated Unirrigated 

a Function Value of Coefficient 2 Function Value of Coefficient 
b c b , c 

Coimbatore NS 0.45 semi-log -0.047 
Qlingleput 0.24 semi-log +0.017 NS 
Madurai 0.21 semi-log +0.016 0.45 semi-log -0.270 -0.06'4 

quadratic 
North Arcot 0.39 semi-log +0.017 NS 
Ramnathpuram NS NS 
South Arcot 0.41 semi-log +0.220 NS 
Salan 0.72 quadratic +0.049 t0.0053 NS 
Thanjavur 0.56 quadratic +0.020 tO.0029 NS 
Tiruchirappalli 0.57 quadratic +0.012 tO.0061 NS 
Tinmelveli 0.30 semi-log 0.017 NS 

Note: NS- not significant. 

VI 
SUMMARY AND CONCUTSIONS 

of official statistics of land use, crop area and 
yields. 

In this paper we have tried to (a) extend multiple 
regression analysis to assess imgation impact at Multiple Regression Analysis 
a disaggregated level using district level data; and 
(b) estimate of the overall value product per The multiple regression analysis first estimates 
hectare of irrigated and unirrigated areas by state, a linear, additive production function relating per 
and for the districts of Tamil Nadu, on the basis haoutput to rainfall, irrigation ratio and fertilisers 
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across districts, grouped by rainfall and irrigation 
development, at three points of time. It also 
estimates the relation between the increment in 
yield per ha across districts within each of the 
above groups and the corresponding increment in 
the three inputs between three points of time. The 
main points emerging from this exercise are as 
follows: 

(i) differences in the irrigation ratio are a 
significant factor in accounting for inter- 
district variations in output per hectare 
among districts in the low and the medium 
rainfall zones, but not in the high rainfall 
tracts. 

(ii) The extent of the influence is generally 
higher in the low than in the medium 
rainfall tracts; greater in low than high 
irrigation tracts. The influence of irrigation 
in accounting for spatial differences in 
yield has tended to decline over time in low 
rainfall tracts and to increase in the 
medium rainfall zones. 

(iii) While there is no strict complementarity 
between irrigation and fertiliser use, the 
fact that the fertiliser coefficients axe 
generally higher in high rainfalland in high 
irrigation regions supports the belief that 
yield response to fertilisers depends on the 
soil moisture regime. 

(iv) In most cases changes in the extent of 
irrigation per se have significant bearing 
on changes in productivity especially 
among districts experiencing a decline in 
productivity and those recording a 
higher-than-average growth. The irriga- 
tion coefficient is much higher in districts 
experiencing decline in productivity than 
among those where productivity is rising. 
Within the latter group there is no relation 
between the yield increment due to an 
increase of one percentage point in the 
irrigation ratio and the extent of irrigation. 

(v) Irrigation also affects yields via its influ- 
ence on the level of fertiliser use and the 
yield response per unit of incrementai 
nutrient. Regions with a high level of 
irrigation tend to use more fertilisers per 
ha, at any rate since the early 1970s and 

also show a higher yield response coeffi- 
cient per unit of incremental fertilisers. 
Indeed this indirect impact of irrigation 
seems far more important in accounting for 
difference in growth of yields, than yield 
response to irrigation per se. 

(vi) Other things given, one hectare of irriga- 
tion per se makes a difference to output per 
gross hectare (valued at 1967-69 prices) 
ranging between Rs 700 and Rs 2,100 in 
the low rainfall tracts and from Rs 750 to 
Rs 1,600 in the medium rainfall areas. At 
1986-87 prices the direct contribution of 
irrigation as a factor accounting for spatial 
differences in output per hectare would be 
Rs 2,300-6,900 in the low and Rs 
2,500-5,300 in  the medium rainfall cate- 
gories. This is a crude adjustment based on 
the wholesale price index of agricultural 
products, which has risen by 230 per cent 
between 1970-71 and 1986-87 (the value 
of the index in 1986-87, with 1970-71 = 
100, being 330). 

(vii) The yield response to increments in irri- 
gation also shows a high degree of vari- 
ability. Considering only the significant 
coefficients, and also ignoring the one case 
(low rainfall, declining districts in the first 
period) when the irrigation coefficient is 
significantly negative, the output per ha (at 
1967-69 prices) is estimated to be higher 
by between Rs 630 and Rs 2,000 when the 
irrigation ratio increases by onepercentage 
point. At 1986-87 prices, the comparable 
figures wouldbeRs2,100toRs6,600. This 
is similar to the range indicated by the 
regression estimates relating level of yield 
to those of inputs across districts at dif- 
feient points in time. However there is no 
consistent pattern across rainfall zones and 
growth categories. 

We then attempted a similar exerciseusing time 
series data on output per ha, rainfall and irrigation 
for some 110 districts covering seven states and 
the period 1956-57 to 1978-79. 
The aim was to estimate productivity of ini- 

gation in each of the 110 districts covering seven 
states using time series data. A linear regression 
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function was specified and estimated with value outputs for state level estimates are valued at all 
product per hectare as dependent variable. The India's average harvest prices of 1986-87 and in 
districtswere grouped into several strata based on the case of Tamil Nadu the average farm harvest 
rainfall, irrigati~n~coverage, and quality of irri- prices for the state in 1986-87 are used. (c) The 
gation. An attempt was also made to assess, and ratio of gross to net irrigated area, and gross to 
correct, two major sources of bias. This was done net unirrigated area are taken as measures of 
through another categorisation of districts based cropping intensities respectively of irrigated and 
on trends in the irrigation ratio and in crop unirrigated land. 
coverage of the districts. The state-level estimates show that during the 

The results do show that there is considerable quinquennium 1978-83, the average production 
difference in the impact of irrigation on output per hectare of irrigated cropped area was Rs 
per ha, and that there may be systematic differ- 4,900, which is Rs 2,900 more than that of a 
ences in response across rainfall, irrigation level hectare of rainfed crop area. The difference 
and irrigation quality categories. However, one between irrigated and unirrigated productivity 
cannot draw robust inferences from the analysis. ranged from Rs 715 (30 per cent of unirrigated 
In a substantial proportion of cases (even if the jlield) to Rs 5,800 (360 per cent of unirrigated 
limit assures to districts with a rising irrigation yield). Comparing productivity per unit of irri- 
rate but constant crop coverage), the regression gated and unirrigated land (i.e., adjusting for 
coefficient for irrigation is not significant and that cropping intensity differences as indicated), the 
in most cases irrigation and rainfall account for difference ranges from Rs 1,100 to Rs 7,300 per 
not even 40 per cent of the changes in yields. This ha. These estimates are demonstrably biased, in 
could be due to the high level of noise and that they underestimate productivity of irrigated 
non-comparability of estimates over time, but it land and overestimate that of unirrigated land. 
is.also possible that the 'excluded variable' bias These differences do not seem to be systemat- 
is a contributing factor. Fertilisers, changes in the ically related to rainfall, its seasonal distribution 
quality of irrigation, and increased productivity or irrigation quality. 
of input due to new seeds are important factors. Productivity of irrigated area shows a signifi- 
While lack of data and multicollinearity are cant rising trend in a majority of states covered 
severe limitations, perhaps the role of fertilisers (eight out of thirteen) while only four showed a 
and secular improvement in productivity inputs significant trend in rainfed areas (one of them a 
can be explored at least in districts experiencing declining trend). The differential between irri- 
relatively little change in irrigation ratio, and a gated and rainfed yields have been rising practi- 
low correlation between changes in imgation and cally in all the states. In a large majority of states, 
in fertiliser use. but not all - irrigated yields are more stable (i.e., 

fluctuations around the trend are smaller) than 
Direct Estimation of Productivity Impact of unirrigated yields. 
Irrigation District level estimates for Tamil Nadu cor- 

roborate the above findings. The range of varia- 
The 'direct estimates' of the productivity of tion in productivity of irrigated land as well as the 

irrigated and unirrigated land relate to selected irrigated -unirrigated area differences are much 
crops (23 in number) in the case of state level larger at the more disaggregated level. The output 
estimates (and 21 in the case of district level per ha of unirrigated area ranges from Rs 5,780 
estimates for Tamil Nadu) which account for the to Rs 11,400 and the difference between per ha 
bulk of crop area. They are derived from official output of irrigated and unirrigated area ranges 
statistics of crop-wise area and yield on certain from Rs 2,700 to Rs 9,600. In most districts 
assumptions: (a) In the case of crops for which unirrigated yields show no significant mnd, 
separate figures of area and yield are not avail- while the opposite is the case for irrigated land. 
able, those predominantly irrigated (unirrigated) Unlike in the state level data, spatial variations 
are taken as wholly irrigated (rainfed). (b) The in per ha output of unirrigated land in Tamil Nadu 
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are found to bear a significant positive correlation moisture conditions under rainfed agriculture, the 
with rainfall; productivity of irrigated land is degree of spatial specialisation in most crops is 
negatively associated with rainfall (but not sig- also higher than under irrigation. Over time, the 
nificantly), positively with the proportion of spatial specialisation of rainfed crop has 
irrigated land served by wells (non significant) increased, while the opposite tendency is noticed 
and negatively with the proportion of irrigated among irrigated crops. 
land served by tanks (significant). The differen- Our studies suggest that the multiple regression 
tials between irrigated and rainfed land (ex- approach to assessing productivity impact of 
pressed on a ratio) are inversely associated (in a irrigation does not do too well. There are serious 
statistically significant way) with both rainfall problems of interpreting the coefficients partly 
and proportion of irrigated land under mks.  because all crops are not covered and the extent 

of coverage by selected crops varies. Also all the 
Across Districts relevant biochemical inputs and improvements in 

technique which may affect yield are not fully 
Irrigated crop intensity (GIAjNIA) tend to rise captured. Analysis of the relation between 

as we move from districts with low rainfall to increments in yield and increment in inputs seems 
those with high rainfall; the higher the proportion more meaningful and promising. That stratifica- 
of rainfall in the NE monsoon, the lower tends to tion by growth rate of yield gives better fits and 
be the irrigated crop intensity. Unirrigated crop more meaningful patterns than stratification by 
intensity is positively correlated with rainfall and rainfall and irrigation is suggestive of the direc- 
the proportion of precipitation occurring during tions of further work. 
the NE monsoon. But it also seems to be signif- The direct estimates, despite all the data 
icantly correlated with the irrigation ratio. How- limitations, involve fewer assumptions and give 
ever the indices used to measure irrigated and a more reliable plea of at least the overall dif- 
unirrigated crop intensities being biased, in ference in productivity between irrigated and 
varying degrees in different districts, these rainfed areas. We know for certain that the 
associations need to be interpreted with caution. procedure used underestimates irrigated produc- 
Overall crop intensity, which is free from such tivity and overstates output per ha of unirrigated 
bias, is largely a function of total rainfall and the area. Refinements to extend crop coverage and 
irrigation ratio. take into account state/district specific prices 

Irrigated crop patterns are not only very dif- rather than nationallstate averages, taking explicit 
ferent from unirrigated patterns, but also has account of differences and changes in quality of 
diversified in most districts. Over time, irrigated products are worth exploring. Also we need to 
crop patterns are showing signs of diversification analyse the role of fertilisers, public investments, 
while rainfed cropping is becoming less so. nature and quality of irrigation, and the changes 

Irrigated cropping tends to become more con- in incentive environment in accounting for dif- 
centrated as we move from districts with low to ferential performance across time and space. 
high rainfall, and as the proportion of area under These refinements can be done only to a limited 
well irrigation increases. In unirrigated areas, extent from statistics of area, yield, and inputs 
total rainfall is a significant factor accounting for compiled by the Ministry of Agriculture through 
the extent of diversification; irrigation ratio also the states. A more promising source of data which 
is positively associated with the extent of crop permits such analysis is the Cost of Cultivation 
concentration in unirrigated land. Surveys which give plotwise details for a sample 

Spatial specialisation also varies a great deal of farms of irrigation source, varieties used, 
along different irrigated and unirrigated crops. fertilisers and the inputs by crop for a relatively 
Among the former the cultivation of groundnut is long period, in fact since 1970, The data may not 
most diffused across districts and that of 'other be amenable to time series analysis, but com- 
food crops' most concentrated. Among unirri- parison of pooled data for different regions and 
gated crops, perhaps reflecting hetrogenity of soil irrigation types at  a point of time and of changes 
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i n  these types between two or three points of time 
can throw a great deal of light not only on 
irrigation impact, but on the role of other input 
factors, and more generally, the dynamics of 
technological change in agriculture also. 
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LABOUR WELFARE ADMINISTRATION IN INDIA 
With Special Reference to Himachal Pradesh 

Sewa Singh Chauhan 

I. NATURE OFTHE PRESENT STUDY Sampling of the Respondents 

The objective of this study is to examine the In this study a sample was taken of240 workers 
problems of labour welfare in India in general and in case of general of 120 in case 
in the public and priva@ sector indlIsbies of of specific problems of women workers, 80 trade 
Himachal Pradesh in p d c u l ~ .  In respect of the .,ion leaders (all office bearers) and 15 maria- 
industrial units in Himachd Pradesh, the aspects gerial personnel, 
examined are (i) role and adequacy of adminis- 
tration machinery; (ii) available welfare facilities; Method of Data Collection 
(iii) workers' participation in trade union 
activities; (iv) role of trade unions with respect to The first harld information required was col- 
labour welfare; (v) problems of women workers lected from workers with the help of pre-tested 
as well as the welfare measures adopted for their questionnaires. A separate questionnaire was 
betterment; and (vi) socio-economic conditions prepared for collecting data on the problems of 
and characteristics of industrial working class in women workers. 
sample industrial units. The secondary data have been obtained from the 

Labour Bureau, Shimla; Department of Econo- 
Sampling Procedure mics and Statistics, Himachal Pradesh, Shimla; 

Ministry of Labour and Employment, New Delhi; 
Twelve large industrial units in Himachal Pra- National Institute of Labour, New Wlhk State 

desh, each employing more than 200 workers, Labour D e ~ m e n t ,  Himachal Pradesh, Shimla; 
were selected for a general study. These were (1) Employers Federation of India, Bombay; Sri Ram 
Horticultural Produce Marketing and Processing Centre for Industrial Relations, New Delhi; Five 
Corporation (HPMC), (2) Himachal State Forest Year Government of Indir* 
corporation (WSFC), (3) Cement corporation New Delhi: and related books, journals a d  
of India (CCI), (4) Himachal Pradesh Agro as as n e w s ~ ~ r s .  

(5 )  Himachal Worsted Use of structural functional analysis was made 
in order to assess and analyse the adequacy of 

Mills, and (6) Himachal Fertilizers, all public existing a in i smt ive  smctures at he shte level 
sector units. The units selected from private sector concerned with labour administration. 
were: (1) Associated Cement Companies (ACC), 
(2) b oh an Meakins, (3) Winsom spinning ~ i l l s ,  
(4) Sidhartha Spinning Mills, (5) Gabriel and 
Purelator Limited, and (6) Eicher Farm Tractors. 

In order to study the problems of women 
workers, another six units selected were: (I) 
Electronics Corporation Television Unit (ECTV) 
at Solan, (2) HorticulturalProduce Marketing and 
Processing Corporation (HPMC) units at Par- 
wanoo and Jarol, (3) Cement Corporation of India 
(CCI) unit at Rajban, all in public sector. Theunits 
selected from the private sector were: (1) Khanna 
Watches at Parwanoo, (2) Gabriel and Purelator 
unit at Parwanoo, (3) United Diamonds unit at 
Parwanoo. 

Limitations of the Study 

During the course of this empirical investiga- 
tion the investigator had to encounter the fol- 
lowing problems: 

1. Non availability of the latest data with the 
Labour Bureau, Shimla; 
2. Non co-operative attitude of management in 

many sample units; 
3. Reluctance on the part of some workers to 

discuss their problems freely and frankly; and 
4. The sample industrial units being scattered 

throughout the State making data collection time 
consuming and costly. 

lhis article is a summary of the book Lubour Welfore Adnrinistrafion in India, by Sewa Singh Chauhan, Kaniihka 
Publishen Distributors, Delhi, 1993; Pp. xv+388,Price: Rs 450/-. 

Summarked by B.P. Patankar, Nagpur. 
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11. GROWTH OF THE INDIAN WORKING CLASS 
AND THE EVOLUTION OF LABOUR WELFARE 

LEGISLATION AND ADMINISTRATION 

(i) Origins of the Indian Working Class 

The origins of the Indian working class have 
been somewhat different from those of its coun- 
terparts in the western industrial societies. In most 
of the western societies the origin of the industrial 
proletariat is traced to the town dwellers - the 
artisans and other social groups of the town 
economy. Migrants from the countryside were 
assimilated in the newly developed industrial 
centres and retained hardly any trace of their 
peasant stock. 

The Indian industrial workers came from the 
villages. Those who joined the industrial centres 
were not independent farmers but socially and 
economically disabled groups, inured to 
exceedingly unfavourable economic and social 
circumstances. They migrated to cities in search 
of employment. They were 'pushed, not pulled to 
the city'. Plantation was the first capitalist 

of the last century, the demand for workers was 
keenly felt. This was the beginning of the modem 
industrial wage earning class in India. It was 
composed of the most unfortunate class of the 
people, of people who ranked low in the social 
hierarchy of the village community. Looked 
down upon even in the mill towns as 'Jail Labour', 
this class created formidable problems of social 
and economic adjustment. 

(ii) Size and Sign8cance of the Industrial 
Working Force 

Numerically, the class of industrial workers is 
257.11 lakh which comprises hardly 3.75 per cent 
of the total working force in India. But concen- 
trated as it is in the urban centres, it is the best 
organised and the most vocal class. Politically it 
is patronised by practically every major political 
party and, therefore, it compels prompt attention 
from the government and the employers as well. 

industry to be started in India in the early part of 
the nineteenth century. In 1854, the foundations (iii) Concept of Labour Welfare 
of the modem cottontextile industry and the jute 
industry weR laid on sound footing. Initiation of Thecommitteeof Experts on Welfare Facilities 
modem industrialisation in India profoundly for Industrial Workers convened by Inte~IIational 
disturbed the traditionally stagnant Indian soci- Labour Organisation (ILO) in 1963 included 
ety. When plantations, mines and factories started the following under the term labour welfare 
making some progress in the sixties and seventies (Table 1). 

TABLE 1. LABOUR WELFARE AS D E ~ E D B Y  ILO 

Welfare within the establishment . Welfare outside the establishment 

i. Letrines and Urinals 
ii. Washing Bathing facilities 

iii. Creches 
iv. Rest shelters and Canteen 
v. Arrangements for drinking water 

vi. Health services including occupational safety 
vii. Arrangements for prevention of fatigue 
viii. Administrative arrangement within a plant to look 

after welfare 
ix. Uniform and protective clothing 

x. Shift allowance 

i. Maternity benefits 
ii. Social insurance measures 
iii. Benevolent Funds 
iv. Medical facilities 
v. Educational facilities 
vi. Housing facilities 

vii. Recreation Facilities 
triii. Holiday homes and leave travel facilities 

ix. Working co-operatives including consumers co- 
operatives. stores, fair price shops, co-operative 
and thrift societies 

x. Vocational Training for dependents of workers 

xi. Other programmes for the welfare of women, 
youth and children 

xii. Transport facilities 
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l iv)  Labour Welfare in India in Retrospect week, or 9 hours per day, and suggested raising 
the minimum age of employment of children to 

Earlier legislation in this country was mainly 15 years. It called for due attention to be paid to 
aimed at regulation of employment rather than at the housing problems of the workers, formulation 
improving the working conditions of labour, e.g., of housing co-operative schemes, a special fund 
the Breach of Contract Act 1859, and the for maternity benefits and a system of contrib- 
Employer's and Women's (Disputes) Act 1860. utory and compulsory insurance for industrial 
A series of Acts between 1863 and 1901 were also workers. A Tripartite Consultative Machinery 
enacted in respect of indenture labour for the was set up in India in 1942 for the discussion of 
plantation industry. The earlier factory legislation the entire range of labour matters, including those 
mainly regulated employment or working hours. of labour welfm. This machinery comprised the 
This was the sum and substance of the Factory Indian labour conference and the standing labour 
~ c t  passed in 1881 amended subsequently in committee. The consultations at these two forms 
1891 and 1911. eventually led to the setting up of a number of 

A real beginning in the field of labour welfare industrial committees on varied industries. The 
was initiated with the findings of the Industrial conhbution of these Committees led to the 
Commission in its report submitted in 1918. The enactment or amendment of legislation relating 
Commission inter surveyed welfare pr0vi- to factories, plantations, mines, etc. A Labour 
sions such as industrial housing, medical, health, investigations Committee wasaWointed in 1944. 
sanitation and educational facilities to the Popularly known the i(ege Committee, t ~ s  
industrial workers. It observed that efficiency of Committee went into the details of working 
labour could be improved by the provision of conditions including welfare measures available 
adequate labuur welfare facilities. to the workers employed in 31 industries A Royal Commission on Labour, appointed in including mining and plantations as well as 
1929, made comprehensive investigations of unorganised labour such asdckshaw pullers. 

a'1 the problems to labour in Committee covered almost all the subjects relate factories and plantations' IU 
ing to labour welfare viz., housing, housing pol- laid down the framework for the extension and icy, rest and recration, occupational diseases, 

implementation of welfare measures in the 
country. relief in the case of old age and death, creches, 

The Government of India Act, 1935 transferred washing and bathing 

certain subjects to the then provinces. facilities, educational facilities and entertain- 
committees were set up by the elected Provincial ment. The Committee recommended that labour 
Governments to enquire into the working condi-  elfm me measures shouldbe provided, not only in 
tions of labour including the provision of housing industrial Centres, but also in other Centres. 
facilities for them. These committees included the It highlighted the importance of admin- 
Bombay Textile Labour Enquiry Committee istration and enforcement of the welfare mea- 
(1937), Kanpur Labour Enquiry Committee sures- 
(1937), Central Province Textile Enquiry Com- The grand charter of labour, popularly known 
mitm (1938), and Bihar Labour Enquiry Corn- as the Declaration of Philadelphia, was laid down 
mittee (1938). The Committees conducted in  May, 1944 by the member states of the ILO. 
detailed investigations regarding the housing In the same year, an Ordinance was issueoy the 
facilities available to industrial workers and made Government of India to evolve a fund for 
recommendations to the respective governments financing the welfare of labour employed in the 
for improving the same. coal mining industry. The fund was to be built up 

A National Planning Committee was set up by from the contributions of workers, government 
the Congress Party in 1937, under the chair- grants and other sources like fines, rebate from 
manship of Shri Jawaharlal Nehru. Its Sub- contractors, profits of the canteens and yields 
Committee recommended 48 hours work per from cinema shows, and dramatic performances, 
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etc. A total of 174 such funds for different 
establishments were in operation by the end of 
1944-45. 

(v) Labow We2fare During the Interim 
Government and after Independence 

In 1946, immediately after the transfer of power 
to the interim Government of India, a five year 
programme for labour was drawn up, proposing 
the prescribing and enforcement of amenities like 
lighting, ventilation, safety, health and welfare of 
workers, improvement of conditions of work 
particularly in the unorganised sector, provision 
of adequate housing, health insurance and 
maternity benefits, provision of creches and 
canteens, and strengthening of the inspection staff 
and Inspectorate of mines. 

In order to give practical shape to the policies 
drawn up by Indian leaders since 1937 and the 
policies incorporated in Articles 41,42 and 43 of 
the Indian Constitution (Directive Principles of 
State Policy), various legislative measures were 
enacted or enforced, viz., Mica Mines Labour 
Welfare Fund Act, 1946; Coal Mines Labour 
Welfare Fund Act, 1947; Employees State 
Insurance Act, 1948; Factories Act, 1948; Dock 
Workers Act, 1948; Plantation Labour Act, 1951; 
Mines Act, 1952; Coal Mines Act, 1952; 
Employees Provident Fund Act, 1962; Merchant 
Shipping Act, 1958; Motor Transport Workers 
Act, 1961; Iron Ore Mines Labour Welfare Cess 
Act, 1961; Maternity Welfare Act, 1961; Beedi 
and Cigar Workers Act, 1956; Payment of Wages 
Act, 1936; Minimum Wages Act, 1948; Industrial 
Dispute Act, 1947; W0rker.s Compensation Act, 
1923; Payment of Gratuity Act, 1972; Contract 
Labour Act, 1970; Employment of Children Act, 
1938; The Bonded Labour System Act, 1976; etc. 

(vi) First Five Year Plan 

The First Five Year Plan laid emphasis on the 
development of welfare amenities, avoidance of 
disputes,andalso constitution ofjointcommittees 
of employers and workers. It recommended the 
establishment of aNationalMuseum of Industrial 
Health, Safety and Welfare. 

ACentral Labour Institute, withregional offices 

was set up to conduct scientific studies on various 
aspects of industrial management with particular 
emphasis on human and safety aspects of indus- 
try. A subsidised housing scheme for industrial 
workers was evolved in September, 1952. 
Various social security measures and enactments 
were brought forth during the course of the First 
Plan. The Bombay Labour Welfare Fund Act, 
1953, and the Assam Tea Plantations Fund 
Scheme, 1955, were passed during this plan 
period. 

(vii) Second Five Year Plan 

In the SecondFive Year Plan, greater stress was 
laid on workers' participation in management by 
which a worker could realise that he was a part 
and parcel of the industrial apparatus that was to 
usher in a socialistic pattern of society. 

Realising the success of the coal and mica mines 
wklfare funds, the second plan suggested creation 
of a similar fund for the manganese industry. 
Adequate number of welfare centres were opened 
and training facilities were provided to the fam- 
ilies of workers. Legislation to regulate working 
conditions in construction industry and transport 
services was also recommended. 

The Second Five Year Plan also touched upon 
the problem of providing welfare measures to 
agricultural workers and discussed the measures 
necessary for women workers. During the Second 
Five Year Plan more workers were covered under 
welfare facilities. New enactments were carried 
out for seamen, motor transport workers, etc. A 
Dock Workers' (Safety, Health and Welfare) 
Scheme was drawn up in 1961. Various state 
governments also passed suitable legislation to 
provide better facilities for workers. 

In December 1959, Government appointed a 
study team to examine wide ranging labour 
welfare activities and make recommendations on 
which labour welfare schemes in the Third Five 
Year Plan could be included. The study team 
categorised labour welfare amenities into three 
main groups, viz., (i) amenities and facilities that 
may be provided inside the undertakings; (ii) 
facilities to be provided outside the undertakings; 
and (iii) social security measures. 
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(viii) Third Five Year Plan 

On the basis of the recommendations of the 
above study team, the Third Five Year Plan 
stressed the need for more effective implemen- 
tation of statutory welfare measures. The Plan 
recommended that co-operative credit societies 
and consumers co-operative stores should be 
opened, so that trade unions would show greater 
interest in running them. Better living and 
working conditions were also recommended for 
agricultural workers. 

Greater emphasis was laid on collective bar- 
gaining and on mutual agreements for improving 
industrial relations as well as workers' well being. 
For iron ore workers, the Iron Ore Labour Cess 
Act was passed in 1961. The Central Maternity 
Benefit Act, 1961 was passed to do away with 
disparities in maternity benefits in different states. 
The Subsidised Labour Housing Scheme was 
extended to plantation workers in 1966. 

(k) Fourth Five Year Plan 

The Fourth Five Year Plan included the 
expansion of Employees State Insurance (ESI) 
facilities to provide hospitalisation to fmilies of 
all insured workers, coverage of shops and 
commercial establishment in selected centres, as 
also of non-power factories employing 10 or more 
persons. A provision of Rs 37.1 1 crore was made 
for labour welfare programmes which indeed, 
was a notable feature. 

(x) Fifth Five Year Plan (1974-79) 

Removal of poverty and attainment of self 
reliance were the twomajor objectives of theFifth 
Five Year Plan. A major thrust of policy was 
aimed for provision of employment opportunities 
to the weaker sections in general, and to agri- 
cultural labourers and small and marginal farmers 
in particular. The plan outlay during this plan 
period for labour welfare was Rs 57 crore. In order 
to improve the efficiency of Indian labour, the 

Ministry of Labour undertook schemes and pro- 
grammes costing Rs 15.70 crore during the plan 
period. 

(xi) Sixth Five Year Plan (1980-85) 

A total outlay of Rs 167 crore was approved for 
programmes related to craftsmen, including 
training and labour welfare: Rs 82 crore for the 
Central sector and Rs 85 crore for States and 
Union Territories. Other major programmes 
included in this plan period were rehabilitation of 
bonded workers, revision of minimum wages in 
agriculture, modernisation and upgradation of the 
vocational training of women job seekers and 
rural people. 

(xii) Seventh Five Year Plan (1985-90) 1 

The thrast of the Seventh Plan was on the 
improvement of capacity utilisation, efficiency 
and productivity. Training of workers and 
craftsmen wasgiven due consideration. Industrial 
safety, the role of employment exchanges, wage 
policy, etc., were looked into. An important 
provision was made for working and living con- 
ditions of organised labour both in rural and urban 
areas. Due attention was given to abolish bonded 
labour and to regulate employment of child and 
women workers in both organised and unorga- 
nised sectors. An outlay of Rs 334 crore was 
allocated for the plan period: Rs 95.44 crore for 
the Centre, Rs 219.75 crore for States and Rs 
18.53 crore for Union Territories. 

(xiii) Welfare Work by State Governments 

composite' welfare activities through the insti- 
tution of labour welfare centres were initiated by 
thc Government of Bombay in 1937. The 
Governments of Uttar Pradesh and West Bengal 
followed the &me attem. Most of the State 
Governments and 8 nion Territories Adminis- 
trations run labour welfare centres as a part of 
labour welfare programmes, to cater to the 
medical, recreational and cultural needs of 
industrial workers. 
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(xiv) Welfare Work by Employers 

A large number of employers, especially in 
large scale industrial establishments in the orga- 
nised sector of industries, provided a variety of 
welfare amenities on a progressive scale even 
before the State thought of or initiated action in 
the matter. They have been providing facilities 
such as housing, education of workers' children, 
recreation, distress relief, grants for organising 
sports and dramatic performances, gratuity and 
other forms of retiral benefits. Certain organisa- 
tions have set up their own hospitals, schools, etc. 

(XV) Welfare Work by Workers' Organisations 

Though in alimited way, trade unions have also 
taken interest in welfare work for their members. 
Amongst the trade unions which undertake wel- 
fare activities, the Ahmedabad Textile Labour 
Organisation and the Mill Mazdoor Union at 
Indore need mention. The Textile Labour Orga- 
nisation, Ahmedabad runs both day and night 
schools, maintains a residential boarding house 
for working class girls, study homes for boys, 
reading rooms and libraries, and runs gymnasia 
to impart physical education to children. It also 
organises games, competitions and imparts 
training in painting, embroidery, sewing, etc., to 
women workers. The union also runs Allopathic 
and Homeopathic dispensaries in different loca- 
lities at Ahmedabad and maintains a maternity 
home. A workers' cooperative bank too functions 
for the benefit of workers. 

The Mill Mazdoor Union, Indore runs labour 
welfare cenazs consisting of Bal Kanya and 
Mahila Mandirs; dance, music 'and social gath- 
erings are also arranged. 

(mi) The General Picture 

In spite ofall these efforts, welfare work in India 
is still considerably below satisfaction. The plight 
of the working class cannot be said to have 
improved to an appreciable extent. Violations of 
labour laws i n  the industrial sector have been 
reported in the press columns. For instance during 
the year 1987. the then Union Minister for Labour 
personally visited some manufacturing units in 

hidabad and Ghaziabad and found child labour 
below the age of 14 years working in these units. 
Bonded labour has been abolished by law but in 
various states like Uttar Pradesh, Bihar and 
Madhya Pradesh, bonded labour is still practised. 
During 1988, bonded labour was detected and 
reported by a social worker in Himachal Pradesh 
where workers from Bihar were forced to work 
as bonded labourers. Therefore, there is still much 
to be done to ensure the effective implementation 
of all enacted labour welfare laws and protect the 
rights of this important segment of the society. 

(xvii) Himachal Pradesh 

Himachal Pradesh, which is our universe for 
empirical investigation, is a state in the northern 
part of India. Being hilly, it is one of the least 
industrialised states. According to the 1981 
Census, it has apopulation of 42,80,878, of which 
93 per cent resided in the rural areas and were 
mainly engaged in agriculture. Obviously, agri- 
cultural labour constitutes a major section of the 
rural workers. According to the 1981 Census, 
agriculture in Himachal Pradesh employed 10.41 
lakh workers, i.e., 70.76 per cent of the total of 
14.71 lakh workers. Another type of labour force 
which exists in Himachal Pradesh, is the planta- 
tion labour on small tea estates in Kangra and 
Mandi districts. The tea shrubs in these 
plantations are very old. As a result, the number 
of plantation workers is declining. 

The third category of labour in Himachal Pra- 
desh is forest labour. Forests play a prominent role 
in the economy of Himachal Pradesh since they 
contribute about 25 per cent to the total revenue 
of the State. According to the 1971 Census, out 
of the total working force of 9.57 lakh workers 
about 17,486 persons were engaged in forestry 
and logging in the State. Presently, industries viz., 
Resin and Turpentine, Card Board, and furniture 
factories have provided jobs to more than a 
thousand workers. A very large number of the 
forest labour is ordinarily employed by the State 
for afforestation, protection of forest and for 
construction and maintenance of forest roads and 
buildings, in felling, logging, loading, unloading 
and transportation, etc. On arough estimate about 
12,000 casual and dailylpaid workers were 
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employed by the State Forest Corporation. The private sector factories and establishments by 
total strength of unorganized workers in this State industry division, as in March 1986, is given in 
was2,04,911 in 1981. There were 22publicsector Table 2. 
'undertakings in Himachal Pradesh during March, 
1990, The Slate Government has been giving Tab1e 3 pmays the position in 

seved incentives to entrepreneurs. The latest the establishments by industry divisions (Public 
data pertaining to employment in the public and and Private Sectors). 

TABLE 2. EMPLOYMENT IN WORKINO F A ~ O R I E S  IN PUBUC AND PRIVATE SECTOR IN 
HIMACHALPRADESH AS IN MARCH 1986 

S1. No. Factaries Public Sector Private Sector 

2. Food &d Food Products 
3. Tea Factory 
4. Distilleries 
5. Wool, Silk and other Textiles 1 67 1,200 
6. WoodProducts 602 1,125 
7. Paper and Paper Products 304 015 
8. Resin and Turpentine 237 201 
9. Other Chemical Products 490 1,015 

10. Non Metallic Mineral Products 786 635 
1 1. Metal and Metal Products 1 1,047 1,102 
12. Machinery and Machine Parts 1,710 610 
13. Gun Manufacturing 77 
14. Other Manufacturing 9 Industries 1,885 37 
15. Electricity and Gas 693 
16. Education and Scientific Services 2,715 225 
17. Repz+ir Services 2,837 1,087 

Total 13,873 9.183 

Source: Fact Book on Manpower, 1988. Department of Planning, Govemment of Himachal Pradesh, Shimla, p. 52 

S1. No. Industry Division and Code No. of Workers Employed 

1. Agriculture, Hunting, Forestry and Fishing (0) 35,884 
2. Mining and Quarrying (1) 3 12 
3. Manufacturing (2 & 2) 17,622 
4. Electricity (4) Gas and Water 23.979 
5. Construction (5) 86,862 
6. Wholesale and Retail Sale Trade and Restaurants and Hotels (6) 1,776 
7. Transport, Storage and Communication (7) 13,480 
8. Financing, Insurance. Real Estates and Business Services (8) 7,418 
9. Community, Social and Personal Services (9) 98,976 

2,95,479 

Source: Fael Book on Manpower, Planning Department. Govemment of Hhachal Pradesh, 1988, pp. 53 to 56. 

Trade unionism emerged in the State only after Pradesh has implemented various central labour 
1950. The important trade unions operating in the welfare legislations and also passed certain leg- 
industrial sector are the All India Trade Union islations of its own applicable to the workers of 
Congress (AITUC), the Indian National Trade the organisedsector,viz., (i) theHimachal Pradesh 
Unions Congress (INTUC), Centre of Indian Shops and Commercial Establishment Act, 1969, 
Trade Unions (CITU) and Bhartiya Mazdoor (ii) the HimachaI Pradesh Industrial Establish- 
Sangh (BMS). The Government of Himachal menrs(NationalandFestivalHolidaysandCasual 
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Leave and Sick Leave) Act, 1969, (iii) 
H.P.P.W.D. ContractorsLabour Regulations, etc. 
However, the workers involved in the unorga- 
nised sector, especially women and child labour, 
are deprived of these welfare measures. 

111. ORGANISATIONAL STRUCTURE AND 
PERFORMANCE EVALUATION OF 

ADMINISTRATIVE MACHINERY 
FOR LABOUR WELFARE 

ADMINISTRATION 
IN INDIA 

(i) Administrative Organisation 

Legislative powers in India are shared by the 
Union and State Governments. The Ministry of 
Labour at the Centre is responsible for laying 
down the labour policy for the whole of India and 
all labour matters relating to Central Government 
enterprises. The implementation of the labour 
policy for all other purposes is the responsibility 

of the State Governments subject to the control 
and directions of the Central Government. In the 
case of labour employed in railways, mines, oil 
fields, defence establishments, banking and 
insurance companies having branches in more 
than one state, and in major ports, the Central 
Government retains the responsibility in respect 
of labour relations. At the international level, the 
Union Ministry of Labour is the only competent 
authority. 

(ii) The Central Machinery 

Ministry of Labour: 

The Ministry of Labour is assisted by various 
statutory organisations, ad hoc organisations and 
certain attached offices. (See Organisation Chart 
in Table 4). 

TABLE 4. ORGANISATIONAL STRUCTURE OF MINISTRY OF LABOUR AND BMP~YMENT 

Ministry 
I 

Attached o fJf ices I 
Subordinate offices 1 .  

Autonomous orgatusations 
4 Nos. 22 Nos. 7 Nos. 

I I I 
I 1. D.G. Mines Safety. Dhanbad. I 
I I I 

2. Office of 'by. Welfare 
Commissioner, Barbil. 

I 
I 3. to 10 Offices of welfare Commis- I 
I sioners at Bangalore, Jabbal ur, Bhub- I 

1. D.G. of Employment and Training, neshwar, Karma, Bhilwara, Ralichedu, 1. E.S.I. Corporation New Dethi. 
New Delhi. Panaii. Ahhabad. I 

I 
2. The Chief Labour Commissioner 

(Central) New Delhi. 
I 

3. D.G. Factory Advice Service and 
Labour Institute, Bombay. 

I 
I 
I 
I 
I 
I 

4. Director Labour Bureau, 
ShimlalChandigarh. 

, .. 
I 

11. Office of the Accounts Officer 
Audit Cell, Delhi. 

I 

12 to 21 Central ~dvemment Industrial 
Tribunals-cum-Labour Courts at 

Bombay-1, Bombay-2, Dhanbad-1, 
Dhanbad-2, Dhanbad-3, Jabbalpur, Cal- 

cutta, Delhi, Chandigarfi, Kanpur. 
I 

22. Office of the &aiman, Board of 
Arbitration (JGM), New Delhi. 

2. Presidency Central Coal Mines Res- 
cue Station Committee, Dhansar. 

I 
3. Chairman National Council for 

Mines, Dhanbad. 
I 

4. National Safety Council, Bombay. 
I 

5. National ~ a b & r  ~nstitute, New 
Delhi. 

I 
6. Central Board f& Workers' Educa- 

tion, Nagpur. 
I 

7. Central Providkt Fund Cornis- 
sioner. New Delhi. 
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(iii) Performance Evaluation of the were placed in different organizations. By the end 
Central Machinery of 1988, there were 30.05 million candidates on 

the live registers of employment exchanges 
(a) Industrial Relations throughout the country. 

The data available, revealed that the Central 
Industrial Relations Machinery was functioning 
efficiently. More than 98 per cent cases were 
decided within one to twelve months. Some 
awards (92 out of 710 in the year 1988) could not 
however be implemented due to stay orders and 
wilful neglect of the management. 

(b) Industrial Safety 

The National Safety Council was set up in 1966. 
It has tackled the problem of high rate of industrial 
accidents and propagated safety throughout the 
country, through training courses, talks, poster 
services, periodicals, technical advice, films, 
National Safety Day campaign, National Safety 
Competitions, etc. 

(c) Training Activities 

( e )  Working of Social Security Legislations 

( 1 )  The Workmen's Compensation Act, 1923 

In 1980, claims for 93,303 cases of injury were 
settled. In 1986, this figure came down to 24,990. 
This shows a declining trend in industrial acci- 
dents. 

( 2 )  The Maternity Benefit Act, 1968 

From available statistics we have found that 
whereas the total number of women workers 
employed had almost doubled, the number of 
women workers claiming benefits had sharply 
declined from 41,913 in 1980 to 26,832 in 1987. 

(3) The Employees Provident Fund Act, 1952 

During 1989, the total number of classes of 
(1) Training Activities Under D.G.E. and T. establishments covered whs 173 and be total 

number of factories covered stood at 18 1,643. The 
The Director General of and total number of subscribers rose from 93.14 lakh 

Training (D.G.E.T.) has been providing training in 1978 to 142.98 lakh in 19-39. 
to workers under two different schemes, viz., 

training under whicich 657 (4) The Employees State Insurance Act, 1948 institutions had, in 1985, a capacity to train 
2,15,000 trainees and training under the activities under this Act have been as in Apprentice Act 1961, under which 1,22,403 Table S. 
apprentices were undergoing training in 1987, in 
149323 es'blishmena' has been some (iv) (1) Adrninistrutive Machinery in States with setback to these training schemes. 

Special Reference to Himachal Pradesh 
(2) Training Activities Conducted by the 

Central Board for Workers The administrative machinery differs according 
Education (CBWE), Nagpur to the nature of work performed by workers in 

different states. The existing administrative 
mis  organisation ha seved regional cenbes structure for labour welfare in ~imachal Pradesh 

fortrainingeducationofficers, workers' teachers, 6) Department of Labour and 
ULCs and FALCS. EmploymentlLab6ur Commissioner/ Labour 

Officers, Inspectors, etc., (ii) Labour Courtfin- 
(d) Employment Services dustrial Tribunal, and (iii) Boards and Commit- 

tees (ad hoc). The Department of Labour and 
During the year 1988, there were 760 employ- Employment is responsible for the 

ment exchanges. 59.63 lakh vacancies were implementation of the Central and State Acts 
notified and 3.28 lakh candidates (5.5 per cent) given in Table 6. , 
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Particulars Unit 1979 1985 

(a) Tan ary Disablement 
(b) TOG isableanent 
(c) Death 

(a) Genaal (i) General 
(ii) Annexe 
(iii) Othas 

(b) Matcmity (i) General 
(ii) Amexe .--, --- 
(iii) W a s  

(c) Tuberculosis (i) heneral 
(ii) Amexe 
(iii) Other 

(d) Hospital Beds 

111 Dispemaries 

(a) Full Time 
(b) Part Time 
(c) Mobile 
(d) Employers' Utilisation 

(Numbas) 

(in Lakh) 

(a) Hospitalised 3.49 3.19 
(b) Out-patients 457.00 365.49 
(c) Home-visits 2.55 2.42 

* Refers to 1980 

TABLE 6. LABOURLAWS IN AND STATE SECl'ORS 

Central Acts 

The Industrial Dis Utes Act, 1947. 
The. payment d V!ages ~ c t ,  1936. 
The M~nimum Waees Act 1948. 
The Factories Act,-1948. . 
The Industrial Em loyment (Standi Order) Act, 1946. 
The Workmen's &mpensation ~ ~ 5 7 9 2 3 .  
The Workin Journalists (Conditions of Service and Miscellaneous Provisions) Act, 1955. 
me M~~~~ Workers AC~. 1961. 
The Maternity ~Gnefit ~ c t ,  1961. ' 
The Employees State Insurance Act, 1948. 
The Emplo ees Provident Fund and Family Pension Scheme, 1972. 
The Trade hnions Act, 1926. 
The Payment of Bonus Act, 1965. 
The Payment of Gratuity Act. 1972. 
The Plantations Labour Act, 195 1. 
The Contract Labour (Regulation and Abolition) Act, 1970. 
The Equal Remuneration Act, 1976. 
The Bonded Labour S stem (Abolition) Act, 1976. 
The Sales ~romotion l!m lo ees (Conditions of Service) Act, 1976. 
The Indian Boiler's Act, y9& 
TheEmployment of Children ~ c t ,  193 
The Inter Sht r  Mittant Labour AcI, 19t9. 
ThePersonal Injur~es (Compensation Insurance) Act, 1953. 

State Acts and Rde~ 

The Himachal Radesh Shops and Commercial Establishments Ad, 1969. 
The tlimachal Radesh Industrial Establishment (National Festival Holidays and Casual Leave and Sick Leave) AcI, 
1%8. 
The HPPWD Contractors' Labour (Regulation and Abolition) Act, 1970. 
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(iv) (2)  Perjiormance Evaluation of State 137 (2.3 per cent) apprentice workers. The per- 
Machinery for Labour Weyare centage of permanent workers was higher in 

private sector units. The private sector units had 
The labour administration in Himachal Pra&sh employed these apprentices and casual workers 

is not well equipped. Various positions have been throughout the year. On the other hand the casual 
lying vacant for the last so many y a s .  Field staff work force in public sector units had been 
has notbeen properly placed. Due to the large area engagedonly d-g as and when 
of jurisdiction the,, cm h d y  supewise and their services were requind. It was revealed by 

the public sector management that i t  was not Funher, obligatory to engage casual workers again. but on ha'' '0' been provided with assis'ng staft Due the hand, private sector management was 
to this reason workers were sore about the func- under obligation to re-employ theln they tioning of the Labour Administration. Workers weR organized lhmugh mrde unions and 
who were interviewed, revealed that field employment exchanges, 
functionaries had not even paid a single visit to 
industrial establishments under their jurisdiction. (ii) child ,rubour 
The Department took quite a long time to decide 
cases. Data maintained by the Department was None of the sample units had employed child 
not up-m-date and well arranged. The role played workers (below 14 years) and adolescents (1 5 to 
by thisDepartmentinemployment sidewas good. 17 years) in their establishment. It may be due to 
The network of Employment Exchanges and the fact that these units required only skilled 
information Centres have helped lakhs of unem- workers, or that the nature of job was tough and 
ployed persons in seeking suitable employment risky. 
in different sectors. To act as a real custodian of 
labour force, the Department of Labour has to be (iii) Community-wise Distribution of 
equipped with trained staff and all vacant p s i -  Employment 
tions need to be filled without further delay. 

Rajputs (Non-untouchables) have been domi- 
IV. WORKING CONDITIONS AND nating the employment trend in the sample 
SOCIO.ECONOMIC CONDITIONS industrial units. Out of 240 total workers 

OF WORKERS IN PUBLIC AND 
PRIVATE S m O R  UNITS IN interviewed, 131 workers (54.6 percent) were 

HIMACHAL PRADESH Rajputs. There were only 47 Scheduled Caste 
Workers (19.4 uer cent). Backward Classes and 

Industrial workers irt India have faced certain 
unique problems like long hours of work, 
unhealthy surroundings, drudgery of factory 
work, rural attachment and uncongenial factory 
environment. In  their social life, they fall an easy 
prey to various evils such as indebtedness, alco- 
holism, gambling and other vices which naturally 
demoralise them and sometimes completely ruin 
their family lives. For studying the working and 
socio-economic conditions of workers in Hima- 
chal Pradesh, a sample of 240 workers was taken 
from twelve sample industrial units. The result of 
the study is summarised below: 

~ u s l i m s  had 2jworkers each constituting 9.6 per 
cent of total workers,respectively. There were out 
of the total interviewed only 9 workers from 
Scheduled Tribes (ST) category which was 3.7 
per cent of the total. Seven workers were from 
other categories. Thus ST people were not ade- 
quately represented. 

Buddhist workers constituted 5.83 per cent of 
the total workers in the sample. They all belonged 
to Kinnaur District of Himachd Pradesh where 
Buddhist Tribes are found. Only eight and two 
workers respectively, from Sikh and Christian 
communities, were i n  employment. Four workers 
belonged to other religious backgrounds. 

(i) Permanancy of Tenure (iv) Employment to 'Sons-of-the Soil' 

Out of 6,050 total workers in the sample units, The industrial policy of Himachal Pradesh 
there were 4,220 (69.75 per cent) permanent Government requires that 75 per a n t  mploy- 
workers, 1,693 (28 per cent) casual workers and ment in industries to be estabhshed in the State 
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should be from among bonafide Himachalis. But 
the present study indicates that out of 6,050 total 
workers in the sample industrial units, there were 
3,197 bonafide Himachalis which constituted 
only 52.8 per cent. It was found that certain 
industrial units employed more than 50 per cent 
non-Himachalis. The managements reported that 
there was shortage of skilled workers in Himachal 
Pradesh. Therefore, they had to appoint workers 
from outside the State. They however, reported 
that more than 75 per cent of unskilled workers 
were from amongst the bonafide Himachalis. 

The private sector management had preferred 
outside unskilled and semi-skilled workers due to 

sample workers was found to be as under: 

Below 2 days 174 
2 days 39 
3 t o 4  days 22 
4  to 6 days 5 
above 6 davs 

Total 240 

The reasons for beine absent were given as 
sickness (179 workers)~horticulture/a~culture 
seasonal work (33). sociore1ig;ious ceremonies - 
(27) and others (3): . 

the fact that such workers were ready to work at 
low ra te  of wages, and J-Jimachali workers were (viii) Awareness o fbbour  Welfare Legislation 
also found not interested to work as casual 
labourers far away from their villages. Workers ~ e ~ l i e s r a e i v d f r o m  sample workers 
living in the interiors of Himachd Pradesh did not (. that their aWZeJleSS of labour welfare legislation 
get timely information regarding job vacancies th., Was as follows: 
different industrial units. ,r, 4. 

4 '   fully aware 153 
(v) Literacy ParUally aware 33 

Not aware 54 

Literacy standard of workers in the sampleunits To* 240 
in Himachal Pradesh was found to be encourag- 
ing. Out of the total 240 sample workers, 208 were (k) Working Hours 
literate, but this varied from below primary to 
graduation and above. Only 32 workers out of the The Factories Act, 1948 provides that no worker 
total studied, were found to be totally illiterate. shall work for more than 48 hours in a week and 

nine hours per day (sec 54) with weekly holiday 
(vi) Employment of Leisure (sec 52 (i)) and half an hour rest (sec 55) after 

every five hours of work. The present study 
Data collected revealed that the sample work- revealed that in the sample industries workers had 

ers, especially those with family responsibilities, to in working hours as follows: 
were generally over-burdened with their dual 
responsibility of family and employment. Out of 
the total, 58 workers were busy teaching their Workers 

wards and in domestic affairs during their leisure ,6 134 
70 

time. 55 workers out of the total 240 sample 8.9 36 
industrial workers spent their leisure time in 240 
gambling and drinking. 68 workers were found 
spending their leisure time in reading newspapers, 
magazines, playing games and enjoying cinema, 36 workers out of 240 were working for more 
etc. There were 24 workers who were'spending than48 hours a week in violation of section 51 of 
their leisure time in sleep and 35 workers used to the Act, Out of 240 workers 72 workers (30 per 
go for a walk durin their leisure-time. Average cent) were found doing overtime work. Out of f leisure time availab e per day to a sample indus- those doing o v e r h e  work 57 workers reported 
trial worker was found to vary between one and that they had liked work. -ily liabi- 
two hours. litiesand low wages had compelled them toaccept 
(vii) Absenteeism overtime work. Majority of workers in both 

sectors (183 out of 240) did not like to work 
The incidence of absenteeism among the overtime. 
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(x)  Working Conditions units had provided special clothing and power 
cutters to the workers during work. But this 

The 'pinion 'ample workers facility was not available to all workers in the 
regarding working conditions and work envi- 
ronment was as follows (Table 7): respective units. 

Foir units had provided effective screens or 
(b) Provision of Safety Devices goggles to those workers whoreally requiredsuch 

devices. Fire fighting devices were available in 
The Factories Act, 1948. requires the provision all sample units, except one. Eight units had 

of certain safety devices such as power-cutters, 
screens or goggles, brathing apparatus, protec- provision of exhaust fans, reviving apparatus and 
tive clothing, etc. Only four sample industrial breathing apparatus in their industrial units. 

Particulars Public Sector (N 120) Private Sector (N 120) 

Satisfactory Not Satisfactory Satisfactory Not Satisfactory 

1. Illumination 40 80 78 42 
2. Ventilation 50 ' 70 80 40 
3. Temperature 70 50 70 50 
4. Humidity 60 60 65 55 
5. Dust 30 90 40 80 
6. Smoke and Fumes 35 85 40 80 
7. Cltanliness 25 95 70 50 
8. Overcrowding 70 50 65 55 
9. Machinery 40 80 90 30 

10. Condition of work rooms 35 .85 80 40 
11. Surroundings 30 90 60 60 

(c )  Rate of ~ccidents 

The rate of industrial accidents was found to be 
low in the sample units in Himachal Pradesh. 
Only 17.5 per cent of the total sample workers 
had faced fatal and non-fatal injuries during the 
course of their employment. Out of the injured, 
74 per cent workers were given due compensation 
under the ESI Act, 1948 and the Workmen's 
Compensation Act, 1923. It was also revealed by 
the sample workers that the majority of units had 
not provided protective devices to meet accident 
like situations. 

(x i )  Economic Condition of Workers 

The average monthly earnings of the sample 
industrial workers were in 1989 higher (Rs 1,104 
per month) as compared to workers in other parts 

of the country (Rs 740 per month average) The 
number of de'pendents varied between 3 to 7 and 
the ratio of earners to total members varied 
between 20 to 40 per cent in these sample units. 
It was also found that industrial workers, despite 
their low wages, were interested in saving for their 
future. Savings range according to the study 
varied between Rs 200 and Rs 1,000 per month. 
Provident fundand banks were the principal mode 
of their savings. 

(xii) indebtedness 

Indebtedness amongst the sample industrial 
workers was found as in Table 8. The reasons for 
indebtedness were given as social and religious 
obligations (43 cases), drinking and gambling (21 
cases), largeness of family (16 cases), old family 
debts (14 cases) and others (1 1 cases). 



VOt. 6 NO. 4 LABOUR WELFARE ADMINISTRATION IN INDIA 

- 

No. of workers No. of workers No. of Workers Average Average Range 
studied in debt not in debt Percentage 

Below 1 0001- Above 
RS 10001- 30001- 30001- 

240 1 05 135 (47.75%) 40 34 31 
(43%) (57%) 

V. PERFORMANCE EVALUATION OF LABOUR 
WELFARE MEASURES IN PUBLIC AND 

PRIVATE SECTOR UNITS IN 
HIMACHAL PRADESH 

The present study conducted on 240 workers in 
-* the twelve sample units in Himachal Pradesh 

brings out the following position regarding the 
labour welfare measures laid down in the Facto- 
ries Act, 1948. 

(i) Cleanliness 

Cleanliness in almost all sample units except 
Gabrialand Purelators was not satisfactory. There 
was accumulation of dirt and refuse on the floors, 
no provision of washing room with disinfectant, 
no periodical whitewashing of factory walls and 
very poor drainage system. 

Out of the total 240 sampb workers only 88 
were satisfied with sanitation and cleanliness 
within and outside their units. 

(ii) Drinking Water 

In a majority of sample units, provision of 
drinking water was found adequate. In  various 
units the supply of drinking water wasnotregular. 
Only two units were supplying cool water during 
the summer season, when mercury shoots up to 
over 40'C. 

(iii) Latrines and Urinals 

The provision of latrines and urinals in the 
sample industrial units was found to be very poor. 

(iv) Medical Facilities 

(a) By Employers 

Though it is not mandatory on the part of 
employers to extend such facilities, 5 out of 
twelve units studied had arranged their own 
medical facilities. 4 of them were private sector 
units. Only one public sector unit, C.C.I. unit, had 
set up its own dispensary, In almost all the sample 
industrial units ambulance/vehicles were pro- 
vided to the workers in cases of emergencies by 
the management. Medical reimbursement 
facilities were also available, but only to regular 
workers. 

(b) Under ESI Scheme 

The Employees State Insurance Act, 1948 
provides five kinds of benefits to workers viz., 
maternity benefit, disablement benefit, depen- 
dents benefit, sickness benefit, and medical 
benefit. These benefits are available to casual 
workers aIso. Only 25 per cent of the workers 
questioned were satisfied with the behaviour of 
doctors, nurses and other staff. Workers also 
reported that medicines were not available in 
health centres run by the ESI Corporation. Only 
common medicines were supplied; no provision 
existed to investigate and treat occupational dis- 
eases; there was no arrangement of ambulance; 
etc. The ESI Corporation only reimbursed 
expenditure incurred on transportation in case of 
emergencies. There was delay in reimbursement 
of medical expenditure incurred by the workers. 

(v )  Safety Measures 

Jt was revealed that only four sample units were 
providing special uniforms and six industrial 
units had provision of protective devices like 
goggles, electric cutters, screens and other 
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devices. Five units were found having arrange- entrepreneurs and no demand from workers' side. 
ment of first-aid appliancesboxes. 5 out of the When the Labour Inspector was questioned about 
twelve units studied had made administrative this state of affairs, hereplied that instructions had 
arrangements in their units in regard to labour been given to those employers where more than 
welfare. (2 units in public sector and 3 in private 30 women workers were working. They were 
sector). In other units, personnel officers were looking into the matter. This seems a w d y  
reported to be handling this task. answer with every government official. 

(vi) Canteen Facility (viii) Housing Facilities 

Section 46(i) of theFactories Act, 1948requires 
that in any specified factory wherein more than 
250 workers are ordinarily employed, a canteen 
or canteens shall be provided and maintained by 
the occupier for the use of workers. A study was 
conducted of the twelve sample units i.e, six each 
in the public and private sectors. It revealed that 
canteen facilities existed in all the six private 
sector units and only in three public sector units. 
Standards of cleanliness, quality of food, hygiene, 
etc., differed from unit to unit. No suggestions 
from the workers were taken by &e management 
to improve the functioning of these canteens. 
There was provision of crepit sales by the can- 
teens in very few units. Workersopined that credit 
sales by canteens should be a statutory provision. 

(vii) Creches 

Section 48 of the Factories Act, 1948 provides 
for the establishment of creches in factories 
employing 30 women workers. The study con- 
ducted in the sample industrial units revealed that 
there was noteven asinglecreche inany industrial 
estate developed by Himachal Radesh, where 
hundreds of factories have been set up in each 
estate. When women workers were interviewed 
in this regard, they revealed that after great 
difficulty they had got employment in such units 
and did not want to take any risk. Trade union 
leaders, too, were found unconcerned about it. 
They had never raised their voice in this regard. 
Managements of various industrial units were 
also interviewed and they assigned many reasons 
for not providing creche facilities to the women 
workers in their respective units. The reasons 
attributed were: small number of women work- 
ers, higher number of unmarried women workers, 
lack of finance, no co-operation among 

Seven out of the twelve sample organisation- 
slunits have provided housing facilities to their 
workers. Private sector units have provided 
comparatively better housing facilities than 
public sector units. As a whole, the ymple units 
provided housing to only 23.22 per cent of their 
workers. 

Labour officials posted at Parwanoo reported 
that the State Government had formulated a plan 
to build a labour colony near Parwanoo where 500 
workers would get accommodation in the near 
future. One trade union leader revealed that 
entrepreneurs from outside the State were hardly 
concerned about labour welfare because they had 
set up units just to get subsidized loans and other 
concessions. 

(h) Recreation Facilities 

The importance of recreation in creating a 
healthy climate for industrial peace and progress 
has been emphasised by several study teams, 
committees and commissions. The lead in this 
field was given by progressive employers like the 
Tatas, Hindustan Lever Ltd., Aluminium Man- 
ufacturing Company, the Telco, the Mill Owners 
Association and most of the public sector 
undertakings such as H.S.L., Air India, BHEL, 
Heavy Engineering Corporation, I.T.I., Bharat 
Electronics, Heavy Engineering Corporation, 
I.T.1, Bharat Electronics, Bokam Steel Ltd., U.C. 
and Indian Railways, in providing facilities and 
encouragement to the workers in games, sports 
and cultural activities. This has helped in the 
building up of sound employer-employee rela- 
tions in industrial spheres. In Himachal Pradesh, 
some provision of recreational facilities existed 
in all the twelve sample units. The &tails are 
shown below (Table 9): 
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Type of facility No, of Units in which facility 
orwided (out of samole 12) 

reported that this issue had been discussed many 
times with the concerned managements but 
nothing positive could be achieved. 

Leave travel Concession 10 
Picnics and Tours 5 
Cultural Programmes 4 
Cinema shows 6 
Spods and games 9 
Library facilities 5 
Television and Radio 6 

In Himachal Pradesh the managements of the 
Industrial units bear the entire expenses incurred 
on such facilities. Trade unions assist in the 
management of such facilities. Trade unions in 
this State had not undertaken any welfare mea- 
sures on their own. 

{x)  Transport Facilities 

The International Labour Organisation in its 
recommendation No 21 of 1924 urged the 
member countries that, 'by means of a well 
conceived transport system and by affording 
special facilities in regard to fares and time tables, 
workers should be enabled to reduce to the 
minimum the time spent in travelling between 
their homes and their place of work and that 
employers and organisations should be exten- 
sively consulted by public transport undertakings 
as to the best means of securing such a system'. 
Out of the total twelve sample industrial units in 
Himachal Pradesh, four units had their own 
arrangement for transportation. All these units 
had extended certain other benefits like payment 
of conveyance allowance and had engaged 
H.R.T.C. buses for the purpose. Many units like, 
Mohan Meakin, C.C.I., A.C.C., Eicher Tractors 
and Gabriel and Purelators have encouraged 
workers to purchase their own vehicles, by giving 
loans at low rate of interest. 

Seven units were not providing any type of 
transportation facility to their workers. Out of 
these seven units, five were in the public sector 
and two in the private sector. Trade union leaders 

(xi) Educational Facilities 

The need for imparting necessary education to 
workers had been emphasised by the Indian 
Industrial Commission (1918) and the Royal 
Commission on Labour in 1931. Educational 
facilities are also necessary for the children of 
industrial workers. None of the twelve sample 
industrial units in Himachal Pradesh had made 
arrangements for adult education for the workers 
and their dependents or made arrangement for 
family members to learn any vocation or craft. 
Only 2 units, both in the private sector, had put 
up schools for the education of workers' children. 
One unit, in the public sector, provided scholar- 
ships and transport facilities. All the 60 sample 
workers of these units were satisfied with these 
arrangements. Two units gave fee concessions, 
uniforms, etc. 

(xii) Family Planning 

It was found that only A.C.C. and C.C.I. units 
propagated family planning programmes. This 
was done through documentary pictures, pam- 
phlets, posters and by arranging family planning 
programmes. C.C.I., units were found providing 
special leave for six days for undergoing steril- 
izationand specialleave forone day to the females 
undergoing IUCD insertions. There was 
provision for maternity leave also. Financial 
incentive of Rs 2251- was paid per case for 
vasectomy/tubectomy operations and Rs 101- 
were paid per case for IUCD insertions which 
were reimbursed by the government to the 
entrepreneurs. In ACC units, cash prizes, in 
addition to all the above mentioned benefits, were 
given to the workers. Other public sector units 
were providing benefits like special increments 
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incase of those undergoing sterilization after two and enlightenment, and a feeling of class con- 
children. No suchbenefits existed in other private sciousness among the labourers. The establish- 
sector units. ment of the ILO in 1919 gave recognition to the 

dignity of the working class and also provided an 
(xiii) Workers' Attitude Towards opportunity to send their delegation to the annual 

Family Planning conference of this body. 
It is estimated that between 2.5 and 5.0 lakh 

240 sample industrial workers were questioned workers were organised into unions at this time. 
After 1919 Trade Unions spread to centres other for ascertaining their attitude towards this pro- thn Ma&s, Ahmebbad and Bombay. Doring 

gramme. The attitude of 178 workers was found the quinquennium ending 1925, the 
to be favourable towards family planning, 50 incrad further, But during this 
workers were not i n  favour, and 12 workers (1919-2A) only 164 trade unions with a mem- 
expressed ignorance of family planning mea- bership of 2.23 lakh were registered. The rest of 
sures. the trade unions were not registered by their 

VI. TRADE UNION MOVEMENT AND respective governments. 
INDUSTRIAL DEMOCRACY IN ACTION The influence of nationalist leaders on the 

labour movement added intensity, but it also 
(i) The Growth of Trade Unions in India tended to increase bitterness, and introduced in 

The first two modern industrial units estab- 
lished in India were the cotton mill established in 
1851 in Bombay anda jute mill in 1855 in Bengal. 
Thereafter the number of factories began to 
increase both in Bombay and Bengal. For the first 
time in 1875 factory workers united together for 
securing better working conditions in the facto- 
ries. The fust Factory Commission was appointed 
in Bombay in 1875 and the first Factories Act was 
also passed in 1875. Another Factories Com- 
mission was appointed in 1884. Mr. Lokhandey 
organised aconference of workers in Bombay and 
drew up a memorandum signed by some 5,300 
workers to be presented to the Factory Commis- 
sion. This was the beginning of the modern trade 
union movement in India. In 1890 the Bombay 
Mill Hands Association was formed under the 
Presidentship of Mr. Lokhandey. This was the 
first labour association in India. The movement 
could take permanent roots in the Indian soil only 
after the close of the First World War, when 
industrial unrest grew up as a result of grave 
economic crisis created by war. The rising cost of 
living prompted the workers to demand reason- 
able wages for which purpose they united to take 
resort to collective action. The Swaraj movement 
further intensified the labour movement. The 
successof theRussian Revolution of 1917 created 
a revolutionary wave of ideas, a new self respect 

the minds of many employers a hostile bias 
against the movement. 

By 1989 the number of registered trade unions 
had reportedly risen to 47,112 with a membership 
of almost 72 lakh. (These are only estimates, as a 
large number of trade unions do not comply w i t .  
the requirement of sending annual returns to the 
Registrar of Trade Unions). 

Among the political leaders who entered the 
trade union movement at this time were mostly 
national leaders such as Chittaranjan Dass, Moti 
Lal, Jawahar Lal Nehru, S.C. Bose, V.V. Giri, 
besides active communist leaders like Shripad 
Amrit Dange, S.S. Mirajkar, K.N. Joglekar, S.V. 
Ghate, D. Thengdi, R.S. Nimbalkar, Phillip 
Spratt, and S. Saklatwala. 

From 1924 to 1934 the trade union arena was 
dominated by left wing leaders. There was a 
conflict between the leftist and the rightist trade 
union leaders. During this period there were three 
unions viz., the A.I.T.U.C., led by Royalists and 
militant nationalists, A.I.T.U.F., led by Congress 
nationalists and moderates, and the R.T.U.C. 
consisting of orthodox communists. 

The Second World War, which broke out in 
September, 1939, created new constraints in the 
united mde union movement because a faction 
of the A.I.T.U.C. was of theopinion that i t  should 
support and participate in the anti fascist war and 
the other faction opposed it. Hence, again a rift 
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took place in 1941 which resulted in the creation recordeddataupto 1986. The statemachinery was 
of a new trade union i.e., Indian Federation of clearly not effectively administering and imple- 
Labour (I.F.L.). The later years of the War wit- menting the labour legislations. 
nessed an intense rivalry between the two trade 
unions (AITUC and IFL) for primacy in the field (iii) Financial Position of Trade Unions 
of leadership. By the end of the War, there were 
three principal political groups in the field, the Trade unions suffered from financial weakness, 
communists dominating the AITUC, the Royal- as the average yearly income of the unions had 
ists having a hold on IFL, and the nationalist been rather low and inadequate. Between 1960 
labour front. and 1989 the average income of trade unions was 

When attempts torestructure the AITUC failed, Rs 2,5 1 1 and Rs 10,870, respectively. The total 
those believing in the aims and objectives and income of 6,825 trade unions during 1961 was Rs 
ideals other than those of the AITLTC, separated 171 lakh and during 1989 it was Rs 938 lakh for 
from the organisation and formed the Indian 8,742 trade unions submitting returns. This 
National Trade Union Congress (INTUC) in May, income cannot be considered to be sufficient for 
1947. In 1941, a break-away group had formed a catering to the interests of a large membership. 
new trade union organisation called the Hind The total membership of reporting trade unions 
Majdoor Panchayat later on named as Hind during 1961 and 1989 was 40.13 lakh and 71.8 
Majdoor Sabha (H.M.S.). In 1949, a group of the lakh, respectively. The average income had been 
dissatisfied left wing trade unionists formed the low not because of the poverty of the workers but 
United Trade Unions Congress (U.T.U.C.). There because of other factors. The National Commis- 
was again a rift in the AITUC in 1970 when the sion on Labour had observed that union orga- 
communists divided themselves into two parts nizers generally did not claim any amounts nor 
viz., CPI and CPM. The AITUC came under the did workers feel like contributing more, because 
control of CPI while CPM started a new central the services rendered by the various trade unions 
organisation- Centre of Indian Trade Union did not deserve a higher fee. 
(CITU). The split in the Indian National Congress 
into two groups in 1972 also resulted in a change (iv) Empirical Study of Some Aspects of Trade 
in the INTUC. The separated Congress group Unionism in Himachal Pradesh 
(old) formed a new union- National Labour 
Organisation (NLO). In 1977-78 the INTUC, (a) Existence of Trade Unions in Sample Units. 
AITUC and HMS came together to form a 
National Apex Body (NAB). It ceases to exist Trade unions were found to be present in all the 
today. sample units. In a few units there were two trade 

unions; ina majority of the units there was asingle 
(ii) Submission of Returns trade union. It was generally found that employers 

recognised the union which was pro- 
Section 28 of the Trade Unions Act 1926 management. Workers not satisfied with the 

requires every registered trade union to submit working of a trade union formed a separate union. 
returns to the Registrar of Trade Unions, pro- 
viding full information relating to the total (b) Affiliation of Trade Unions 
number of members, income, expenditure, etc. 
But less than 40 per cent registered trade unions Out of the total 16 trade unions in the sample 
had submitted their returns from 1974 to 1986. units, six were affiliated toCITUand five toBMS, 
During 1984, only half of the States were seen INTUC had its unions in  three units, and AITUC 
having submitted their returns. Further, no,data in two units only. It was found that CITU was 
was availableafter 1986, because it took normally emerging as the sole representative of workers in 
3 to 4 years for the Labour Bureau to compile and the newly developed industrial estates in Hiha- 
publish the data. The 1990 documents had chal Pradesh. Out of the total 4,510 trade union 
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members, 2,060 (45.67 per cent) were members of the opinion that such a role should be reduced. 
of CITU. Second place wasaccorded toBMS with However 27 leaders revealed that political parties 
1,050 members (23.28 per cent) and INTUC had had helped them during negotiations with the 
610 members (15.4 per cent). The trade unions management. There were also reports of help in 
affiliated to AITUC, i.e., two unions, had 625 adjudication and conciliation and of material help 
members. during industrial unrest. 

(c) Extent of Membership fe) Trade Unions and,Welfure Measures 

In all the industrial units there were in all 6,050 Larger trade unions in big industrial towns in 
workers whereas only 74.5 per cent, i.e., 4,510 India provided various benefits and also under- 
had joined trade unions. The reasons for not took welfare measures for their members in the 
joining trade unions indicated by 240 sample form of financial aid during industrial unrest, old 
workers interviewed, were (a) fear of victimiza- age benefits, funeral benefits, sickness benefits 
tion (22 workers, i.e., 9.1 per cent); (b) political and educational facilities. Certain trade unions 
interference (69, i.e., 28.7 per cent); (c) had opened libraries and arranged sight seeing 
multiplicity of trade unions (23, i.e., 9.5 per cent); tours. But, during the present research investi- 
(d) no use in joining trade unions (78, i.e., 32.5 gation it was found that no welfare measures had 
per cent); and (e) other reasons (48, i.e,, 20 per been undertaken by the sample trade unions in 
cent). Himachal Pradesh. Out of 80 trade union leaders 

Similarly, the reasons for joining trade unions interviewed, 52 leaders revealed that due to lack 
were indicated by the 240 workers interviewed as of finances and of outside financial support they 
(a) to get higher benefits (27 workers); (b) to could not provide welfare facilities to their 
safeguard against victimization (50); (c) for unity members. 13 leaders attributed low membership 
(60); (d) for help during strike (13); and (e) for as one of the causes. 10 trade union leaders 
welfare facilities (90 workers). attributed lack of cooperation among different 

Regarding usefulness of uade unions, 80 trade unions as one of the possiblereasons behind 
workers opined that they were very useful, 77 that it. 
they were useful, 37 that they were moderately 
useful, 14 as slightly useful, and 32 as useless. (f) Facilities Available to Trade Unions 
The factorsresponsible for successful functioning 
of trade unions were, according to the 240 It is not mandatory for the management to 
workersinterviewed, (a) the unity among workers provide infrastructural facilities to trade unions. 
(123 workers), (b) justified demands (70), (c) But the present study reveals that almost all the 
capable union leaders (33), and others (14). recognised trade unions had been provided 

infrastructural facilities by the management. 
(d) Influences of Political Parties Even some unrecognized trade unions had been 

provided with such infrastructural facilities. 
One of the biggest problems of the country's However only 17 trade union leaders were 

trade unions is the influence of political parties. satisfied with the facilities provided. 
Trade unions, formed to safeguard and promote 
the social andeconomic interests of workers have (g) Opinion of Trade Union Leaders Regarding 
tended to become tools of party politics. How- Attitude of Management towards 
ever, workers did not approve of political inter- Trade Unions 
ference. Out of 240 workers interviewed in 
Himachal Pradesh, 183 did not favour such It will be seen from Table 10 that out of the 80 
interferences. Opinion was elicited from 80 trade tradeunion leaders studied, only 10 stated that the 
union leaders of the twelve sample units a s  to the attitude of the management was cooperative. 45 
role and involvement of political parties. 47 were stated that it was indifferent, while 25 stated that 
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i t  was of suspicion. Out of these 80 trade union ates, 22 had technical education and 16 were 
leaders, 2 were post-graduates, 40 were gradu- matriculates or less. None were illiterate. 

TABLE 10. A ~ D E  OF MANAGEMENT 

Name of unit Cooperative Suspeciws Indifferent Total 
and Militant 

Public Sector 
1. H.P.M.C. 5 5 10 
2. C.C.I. 5 5 10 
3. H.P.S.F.C. 5 5 
4. Agro. Ind. Corp. 3 5 
5. Himalaya Fertilizer 5 5 5 
6. Worsted Mills 5 5 

Private Sector 
7. A.C.C. 5 6 10 
8. Mohan Meakin 5 5 
9. Gabrial Br Purelators 5 10 

10. Winsom Spg. 3 2 5 
11. Sidhartha Spg. 5 5 
12. Eicher Tractors 1 4 5 

Total 10 25 45 80 

(h) General 

Trade unions in India suffer from a variety of 
problems such as politicization of trade unions, 
multiplicity of unions, intra-union rivalry, small 
size and low membership, financial debility, lack 
of welfare facilities, weak bargaining power, 
reliance on litigation and strikes, and dependence 
on outside leadership. 

The growth of uade unions in India is quite 
satisfactory; but their role in creating harmonious 
industrial relations was not encouraging. During 
1986 to 1989 in all 1,172.26 lakh mandays were 
lost due to 6,456 cases of strikes and agitations, 
etc. 

The loss of production in 3,286 cases amounted 
to Rs 2,440 crore and the loss of wages in 3,731 
cases amounted to Rs 256 crore. Information 
about losses in other cases is not available. Trade 
unions in India have not undertaken satisfactory 
welfare measures for the working class as those 
in other developed countries of the world. In 
Himachal Pradesh, there was total absence of 
these welfare measures by the trade unions. Too 
much political interference was found in the 
working of trade unions in this State. Inter union 
rivalry had also impeded the progress of trade 
unions and workers' interests in both the private 
as well as public sectors in Himachal Pradesh. 

Trade unions did not receive any outside financial 
assistanceas was found in the case of central trade 
unions in different states. 

To improve the working of uade unions, two 
measures should receivedue attention. Firstly, the 
development of a sound trade union education 
which can createa body of competent, disciplined 
and full time trade union leaders, is required. 
Secondly, the unions have to play a vital role in 
improving the quality of life of the workers and 
as such they should evince greater interest in 
welfare programmes for the members such as 
education, health and family planning, recre- 
ational and cultural activities. They can also 
promote personal and environmental hygiene and 
promote a sense of thrift and savings. Such 
involvement in constructive activities would help 
the trade unions in furthering the interest of the 
members. 

VII. PROBLEMS OF WOMEN WORKERS AND 
THEIR SOCIO-ECONOMIC CONDITIONS 

(i) Equality 

The right of women to public employment is 
recognised under the Constitution. Article 15(1) 
and 16(2) of the Constitution grant the right of 
equality in regard to employment opportunities to 
men and women. 
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( i i )  Employment (vi) Other Sectors 

Some interesting facts regarding the employ- In other industrial activities, viz., construction, 
ment of women workers in India have emerged trade and commerce, transport and ~~mmunica-  
from the population census from 1901 1981. tion and other minor services, only 10.27 per cent 

The percentage of female workers to total female workers were engaged. There were 
population decreased from 32 per cent in 1901 to 46,15,409 women workers out of total 

4,30,94,257 workers engaged in the said indus- 12 per cent in 1961 and increased only marginally trial activities. 
to 14 per cent in 1981. 

(iii) Employment in Factories 

Data on employment of women in factories was 
available from 1946 to 1985. It shows that until 
1951, women workers constituted more than 11 
per cent of the average daily employment in 
factories, that percentage gradually fell to 8.61 in 
1972 but stabilised at 9.46 in 1984 and 9.44 in 
1985. 

(iv) Employment in Agriculture 

Like other Asian countries where agriculture is 
the mainstay of the population, in India the largest 
avenue for women's employment is in agricul- 
ture. Census figures upto 1981 show that 70 per 
cent of the population earn livelihood from 
agriculture. Among the agricultural classes 18 per 
cent of the self supporting persons and 66 per cent 
earning dependents are women. 23 per cent of 
total female workers were engaged in cultivation 
and' agricultural work during the 1901 Census. 
But in 1981, this percentage declined to 11. 

(v)  Employment in Mines and Quarries, etc. 

(vii) General Pattern of Employment 

Various labour legislations have imposed 
restrictions on the employment of women work- 
ers in men's jobs. For example, the Factories Act, 
1948 imposes restriction on employment of 
women during night shifts, near machines in 
motion, near cotton openers, in certain chemical 
industries, etc. The Mines Act, 1952 imposes 
restrictions on employment of women workers in 
underground mines. From 1962 to 1987 there has 
been a continuous rise in the employment of 
women. This increase was constant in the public 
sector but private sector witnessed uneven growth 
during this period. Plantations offered the largest 
employment to women workers in India, the bulk 
being in tea plantations. In coffee plantations, the 
number of women workers which was 15,231 in 
1961 went down to 6,148 in 1988. Women 
workers were replaced by men workers. On the 
other hand, employment of women had shown an 
increase in rubber and tea plantations. In rubber 
plantations, the percentage of women workers 
during 1967 was 26 which subsequently 
increased to 54.86 in 1988. In tea plantations it 
was 19.31 per cent in 1967 and rose to 45.37 per 
cent in 1988. During 1988, the number of women 
employed was highest in tea plantations (3.65 

Upto 1981, the number of women workers lakh) as cornparedto the other two sectors. 

engaged in mines and quarries was 1,63,158 (0.73 One very remarkable feature noticed in regard 
to employment of women in India, whether in 

per cent) Out of 2227516'569 workers agriculture, factories, or other sectors, is that in engaged in this sector which is lhe lowest per- absolute number as well as 
women compared to 'Iher constitute a significant part of the labour force in 

employment. Women workers engaged in the South rather than in the North. 
manufacturing processing, servicing and repairs 
were 8.14 per cent out of 251,43,037 which is the (viii) Recruitment and Training 
third largest sector employing female workers in 
our country. Recruitment of women workers for industrial 



VOL. 6 NO. 4 LABOUR WELFARE ADMINISTRATION IN INDIA 667 

employment is mostly direct. The number of 
employers utilising the, services of employment 
exchanges for this purpose is very small in the 
private sector. During 1968, there were 30.1 lakh 
workers registered with employment exchanges, 
out of which 5.58 lakh were women workers. Out 
of total registered women only 11 per cent were 
able to find jobs during that period. During 1987, 
there were total 302.41 lakh workers on the live 
registers of employment exchanges in the coun- 
try, out of which 53.73 lakh were women workers. 
Only 45,300 (13.4 per cent of total) were recruited 
to different jobs. 

There are many institutions in the country to 
impart training to male and female workers in 
engineering and non-engineering trades. 95 1 ITIs 
and other centres during 1989 imparted training 
to 4,232 female workers in the country. In addi- 
tion, women were also being trained along with 
men at some other centres of the Directorate 
General of Training Employment and Settlement. 
Statistics revealed that the number of women 
workers trainees in engineering trades was much 
less than the number of male workers. During 
1989, out of 150,685 trainees only 704 females 
were trained in engineering trades. But this gap 
does not exist in non engineering trades, in which, 
during 1961, out of total 1,703 trainees 499 were 
females and in 198 1 out of 1 1,139 trainees there 
were 4,232 female trainees. 

(ix) Awareness of Beneficial Legal Provisions 

Awareness of workers, particularly of women 
workers in India, in regard to various labour 
legislations is very poor. Due to this reason, 
workers in India are exploited a lot. Employers 
do not like to educate the workers or even display 
on the notice boards the provisions for the welfare 
of workers. In Himachal Pradesh, taking the 
selected public and private sector industries 
together, 69.1 per cent were aware, 15 per cent of 
the total were partially aware and 37 were not at 
all aware of any beneficial legislation. The level 
of awareness was higher in private sector units 
due to the fact that educational level was higher 
in this sector. 

(x)  Working Conditions of Women Workers 
in Himachal Pradesh 

Section 34(1) of the Factories Act, 1948 
requires that no women should be employed in 
any factory to carry loads of more than 30 kg.The 
present study revealed that 17 sample women out 
of 120 women studied were supposed to carry 
weights up to 40 kg, and three women workers 
were supposed to carry more than 50 kg weight. 
One third of the women workers in the sample 
private sector industries were supposed to work 
during night shifts, whereas the Factories Act, 
1948 prohibits the employment of women and 
children during night shifts. 

(x i )  Women Workers and Trade Unionism 

Trade unionism among women workers in India 
has not made any appreciable progress. An ILO 
study entitled 'The Law and Women's Work' 
made the following observations in this regard. 
By custom and tradition a woman is responsible 
for the management of the home, in addition to 
her occupational task. There are a multitude of 
domestic tasks which she assumes like the care 
of the children and repair of clothing for the 
members of the family. The first consequence of 
this is that a working woman is inevitably over- 
worked and would ruin her health, if certain 
measures of social protection are not taken. In the 
second place, her attention is to some extent 
distracted from the collective interests of the 
workers and in particular she shrinks from the 
extra efforts involved in taking an active part in 
the trade union movement. In addition, the fact of 
a woman's time being divided between her 
occupational work and her numerous domestic 
tasks reduces her occupational value and her 
ability to defend her interests as a worker. 

Itisseen from the annualreturns under theTrade 
Union Act 1926, which only 50 per cent of the 
trade unions submit, that between 1971 and 1984, 
women workers constituted only between 7 per 
cent to 8.6 per cent of the total membership of 
trade unions. In Himachal Pradesh nearly half, 
i.e., 41.7 per cent of women did not participate in 
trade union activities. Out of 50 women who were 
not participating, 22 women workers attributcd 
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financial liability behind non-participation, 13 (xiii) Summary 
wotkers did not participate as employment was 
of causal nature, five women were afraid of their To conclude, we may say that an encouraging 
employers; lack of knowledge (three women), trend was going on in women's employment. But 
ineffective leadership ( f m  women workers) and still, theif share in total employment was not 
trade unionism not effective (three women) are satisfactory- Women workers were even 

other factors contributing to their non- conscious about their rights. Their participation 

participation. in trade union activities needs to be encouraged 
so that they could have their say in collective 
bargaining. The Central and State Governments 

(xii) Welfare Coverage should take steps to educate women workers and 
to stop exploitation of this section of the society 

A Study was also conducted on welfare mea- by enforcing labour legislations. 
sures available to women workers in sample 
induseial units in Hima&$ Pradesh. For this VIII. CONCLUSION AND RECOMMENDATIONS 

purpose 120 women workers were selected and Major Proved 
studied through structured questionnaire. It was 
found thatoutof 120 sampleworkersonly 40 were 
provided with housing facilities. In certain bigger 
industrial areas in the country, women workers 
have been provided with certain educational 
benefits by their employers, by mde unions and 
by the respective StateGovernments. Study of the 
120 workers in six selected units in Himachal 
Pradesh revealed that among the sample units 
there were no arrangements for adult education 
or vocational education. Workers i n  all the units 
studied revealed that there was provision for 
medical facilities. But when women workers were 
asked about the working of the ESI Hospital at 
Parwanoo, they revealed that there was no pro- 
vision to investigate and treat occupational dis- 
eases, that the behaviour of the medical staff was 
not satisfactory, and that only the influential and 
the well known got medicine from ESI hospitals. 

As regards family planning, of the 120 sample 
women workers studied in industrial units in 
Himachal Pradesh, only in one unit had the 
manakement arranged family planning camps and 
free contraceptives. 

Section 48(1) of the Factories Act, 1948 pro- 
vides that in industries where more than 30 
women workers are employed, the management 
has to providecreche facilities towomen workers. 
The present study, however, found that there was 
not even a single creche in the State of Himachal 
Pradesh. 

The present research inquiry has proved our 
major hypothesis that public and private sectors 
units have not undertaken sufficient welfare 
measures for working class in Himachal Pradesh. 

Sub Hypothesis 

The study has proved that labour administration 
has failed in protecting the interests of working 
class in the organised sector in Himachal Pradesh. 
It has also proved that the workers are deniedbasic 
welfare and are not getting the benefits permis- 
sible under different labour IegisIations. The 
study has also proved that workers in the State 
have not been benefited by the promotion of 
industries. Also, the hypothesis that private sector 
units have not undertaken sufficient welfare 
measures for women workers has been proved. 

Labour Administration 

During the study, it was found that the State 
Labour Department was not properly managed. 
Various appointments required under the Facto- 
ries Act, 1948 were found to be non existent. The 
positions of two zonal labour officers were lying 
vacant for over five years. Factory inspectors 
posted in the field areas were supposed to inspect 
vast areas and had not been provided with 
assisting staff. Only two inspectors had been 
appointed for the whole State. 

Workers in the sampled industrial units were 
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highly critical about the functioning of the State 
Labour Department. It was revealed that in all the 
twelve sample units, factory inspectors had not 
paid even a single visit. Even for decisions on 
common matters, the State Labour Department 
had taken more than one year's time. The 
administrative machinery was not geared up with 
the increase in the number of industrial units, and 
of the work force, after attaining the statehood in 
1971. The Labour Commissioner, besides look- 
ing after the general administration, combines in 
himself other functions, such as, Chief Inspector 
of Factories, Commissioner of Workmen's 
Compensation, and Registrar of Trade Unions. 
This shows the extent of burden on a single 
functionary, whereas in other states separate 
commissioners have been appointed for each 
field. 

Tehsildars and District Employment Officers 
have been appointed as competent authorities 
(inspectors) under the Minimum Wages Act. 
These officials are already overburdened with 
their parent job and show no interest in this 
additional duty. 

The mere setting up of a Labour Court/Indus- 
trial Tribunal should not be construed as com- 
pliance with the provisions of the Industrial 
Disputes Act, 1947. A single presiding officer 
appears to be unable to adjudicate the increasing 
volume of labour disputes expeditiously. Further, 
procedure of its functioning has also been 
reported to be lengthy and takes years for the 
disposal of disputes. 

Interestingly, various ad hoc boards and com- 
mittees have been set up by the State Government 
under the provisions of various Acts, but have 
remained only on paper. Data regarding the 
working class in Himachal Pradesh has been 
poorly maintained. 

RECOMMENDATIONS 

After conducting a thorough investigation of the 
problems of labour welfare in India in general and 
Himachal Pradesh in particular, the research 
makes the following recommendations. 

Labour Administration 

1. Administrative machinery at the central and 
state level should be strengthened by filling up all 

the vacant and required positions. There should 
be an adequate arrangement for maintenance of 
labour statistics. 

2. With the growing industrial activilies in 
Himachal Pradesh a separate Factories Inspec- 
torate should be set up and should be under the 
administrative control of the Labour Department. 

3. One more post of Joint Labour Commissioner 
should be created to reduce the burden of the 
Labour Commissioner. Instead of appointing 
Tehsildars and Employment Officers as compe- 
tent authorities, i.e., as Inspectors under the 
Minimum Wages Act 1948, these duties should 
beassigned toLabour Welfare Officers. The State 
Government should create these positions for 
each district. There should be at least one Fac- 
tories' Inspector in every industrial estate. 

4. The State Government should create more 
positions of judges and other staff for the Indus- 
trial Tribunal and Labour Court and should reg- 
ularly monitor the functioning of various Boards 
and ad hoc committees created under various 
labour legislations. 

5. In the Head Office of the Labour Department, 
one computer should be installed immediately to 
maintain up-to-date data and other records. 

6. Labour Bureau ShimlaKhandigarh should be 
adequately strengthened to enable publication of 
labour stalis tics. 

7. The Union Ministry of Labour, State 
Department of Labour and other autonomous 
organizations should strictly implement the 
labour welfare legislations. Grievances of work- 
ers and employers should be redressed in time. 

8. Limit of fine for violation of provisions of 
any Act by the employers should be minimum Rs 
500 or six months' imprisonment and sometimes 
both. 

Socio-economic Conditions 

9. The State Governmcnt should prescribe and 
enforce a minimum 60 per cent quota in 
employment for bonafide residents of Himachal 
Pradesh. 

10. Instead of setting up the industrial estates in 
border areas, the Hilnachal Pradcsh Government 
should set up these estates in areas where local 
manpower could be benefited. 
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11. Before setting up any industrial estate, the 
State Government should impart technical train- 
ing to the local people so as to ensure their 
induction into skilled jobs. 

12. Back door entries in employment should be 
completely done away with. All appointments 
should be made through employment exchanges. 

13. Workers and employers should be educated 
about environmental pollution. Employers caus- 
ing water and air pollution should be punished 
severely. Before issuing licences to industrialists 
for setting up industrial units they should be 
directed to instal latest equipment for checking 
pollution. 

14. To reduce the rate of industrial accidents, 
provision of protective devices should be made. 
Safety Officers should be appointed where nec- 
essary. 

15. The State Government should ensure that 
provisions of the Minimum Wages Act, 1948 are 
implemented in letter and spirit. With the rise in 
prices, the minimum wages of industrial workers 
should be revised to ensure healthier and pros- 
perous family life. 

16. Workers should be educated about bad 
habits, viz., drinking and gambling, through 
audio-visual media. 

Welfare Activities 

17. There should be adequate facilities of health 
and medical care in the form of hospitals in every 
industrial estate. Private entrepreneurs should 
engage private medical practitioners on part time 
basis. Every industrial unit should maintain 
proper First Aid boxes and, to weet emergencies, 
provision of vehicle/ambulance should be there. 

18. As a matter of encouragement, such 
employers as give better medical facilities, should 
be given considerable rebate in their contribution 
to the ESI Scheme. 

19. In the case of smaller units, these facilities 
should be provided on a joint basis by a group of 
employers. 

20, The Central and the State Governments 
should take necessary steps for periodical 
examination of workers where there is possibility 
of occupational diseases. 

21. Hospitals and dispensaries set up by the ESI 

Corporation and by the State Government should 
be properly managed and staffed. These should 
avoid the tendency of acting as referral institu- 
tions. 

22. Employers should provide clean and 
no-profit canteen facilities even in such units 
where the number of workers is less than the 
prescribed limit. The State Government should 
supply items at subsidised rates. 

23. The Payment of Wages Act, 1936 should be 
suitably amended to incorporate the provision of 
deductions from the wages for credit purchases 
made from canteens. 

24. Smaller units should be encouraged to start 
joint canteens. For this purpose the State Gov- 
ernment should construct buildings for canteens 
in the middle of the newly developed industrial 
estates. 

25. All the industrial units employing a certain 
number of women workers should be forced to 
provided creche facility. Smaller units should 
extend this facility on joint basis. The State 
Department of Social Welfare should supply free 
facilities to these creches as are provided in the 
case of Balwaries and Anganwaries. 

26. The State Government and big industrial 
units should construct houses-hostels for indus- 
trial workers. Simultaneously, employers should 
encourage the formation of industrial workers' 
cooperative housing societies. These societies 
should be provided with subsidised loan facilities. 
The State Government should acquire and 
develop land near industrial estates and should 
make available at reasonable rates to these ski -  
eties, or in the absence of such societies to 
interested workers. 

27. Workers who cannot be provided with 
accommodation by the employers, should be duly 
compensated by paying satisfactory House Rent 
Allowance. 

28. There should be proper entertainment 
facilities within and outside the establishments. 
These! can be in  the form of TV, cinema shows, 
sightseeing tours, sports, and by organizing cul- 
tural programmes. The cost of such facilities in 
the case of smaller units should be shared by the 
employers of such units and the State Govern- 
ment. Trade unions should also come forward to 
provide such facilities. 
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29. In all the industrial estates, the State Gov- 
ernment should provide transportation facilities 
to the workers. Workers should be allowed to 
avail concessional bus pass facilities in State 
Transport buses. 

30. Smaller units should share the burden of 
providing transportation facilities on joint basis. 

31. In every industrial estate, there should be 
proper and adequate arrangement for education 
of children. The State Government should run 
schools upto matric in these estates. 

32. Employers should extend certain benefits to 
deserving children of workers in the form of free 
uniform, stationery, books and scholarship. 
Employers should also provide vehicles to these 
school going children of workers. 

33. Ifpossible,employers should start their own 
schools and the State Government should provide 
them maximum grants. 

34. Adult education should be arranged for 
industrial workers. The State Government should 
provide technical and financial assistance in this 
regard. 

35. All the employers and the StateGovemment 
should arrange for vocational training to workcrs' 
wives and family members in every industrial 
estate, so that the latter could augment family 
income and improve their standard of living. 

36. Family planning programmes for industrial 
workers should be made a part and parcel of 
labour welfare programmes. For this purpose 
workers should be educated and motivated to 
adopt this programme. The State Government 
should supply free contraceptives and other 
devices to every industrial unit. The employers 
should also arrange famiIy planning camps in 
their units. Workers undergoing sterilization, etc., 
should be provided financial incentives by the 
employers and by the State Govemment. Awards 
andTrophies should be awarded to employers for 
imple~nenting this programme enthusiastically 
and vigorously. 

Women Workers 

37. Employment of women workers during 
night shifts and in hazardous tasks should be 
stopped forthwith. 

38. Every worker should be made aware of 

labour welfare legislations. For this purpose 
provisions of such Acts should be displayed on 
notice boards and should be in a language which 
is easily understood by a majority of the workers. 

39. The Government must ensure extension of 
all benefits by the employers to women workers 
as per the Maternity Benefit Act, 1952. 

40. Women workers should bemotivated to join 
and participate in trade union activities. 

41. Separate labour hostels should be con- 
structed in every industrial estate for women 
workers. 

42. Employers should promote the habit of 
saving among industrial workers. 

Trade Unions 

43. Trade unions should contribute towards 
industrial growth. They should fight only for the 
genuine demands of their members and only 
through democratic means. 

44. Trade unio~~s should, as far as possible, keep 
themselves away from political parties. They 
should not let themselves be used as tools by their 
patron political parties. 

45. Employers should provide adequate facili- 
ties to these trade unions in the form of furniture 
and accommodation. 

46. Trade unions of Himachal Pradesh should 
also undertake welfare measures for their mem- 
bers like their counterparts in other states. 

47. Suitable penalty should be imposed on the 
tradeunions not complying with the Tradeunions 
Act, 1926. 

48. Tendency of multi-trade unions in a single 
unit should be avoided because it creates conflict 
and in turn affects the bargaining capacity of 
workers. 

49. Trade unions should improve their financial 
condition by avoiding unnecessary expenditure 
on legal matters, etc., and use that amount in 
labour welfare programmes. 

50. Employersand tradeunions should promote 
harmonious relations. 

These suggestions, if implemented, will 
improve the socio-economic conditions of 
industrial workers, and then definitely, these 
workers could be expected to contribute towards 
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the growth of industrial development in this 
under-developed State of Himachal Pradesh in 
particular and India in general. 
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IRRATI'ONAL MOVEMENT OF SHARE PRICES: 
EVIDENCES AND IMPLICATIONS 

Malay K. Roy and Madhusudan Karmakar 

There has been a long-standing debate in financial economics on the issue - whether share price 
movement can be jusrified by subsequent changes in future dividends. This paper attempts to test this 
hypothesis and reveals that stock price volatility over the period (1968-1991) appears to be far too 
high to be attributed to new ir&ormation about future real dividenh. Since price movement exceeds 
the level indicated by fundamental economic factors, the existence of 'fads' or 'bubbles' in price can 
not be ignored. The 'noisy' price indulges misallocation of scarce resources and ultimately reduces 
the. we2fare of the society. 

Throughout the unprecedented stock market the recent time back in a logical manner to fun- 
boom of eighties,' there was a popular belief of damental shocks affecting the economy? Or, 
excessive movement in share prices. Increased are price movements due to 'fads': waves of 
volatility per se can not be criticised if the price irrational optimism and pessimism, 'noise trad- 
movement can realistically be explained by fun- ing', 'feedback trading', or other market ineffi- 
damental economic factors. During the heydays ciencies? 
of price rise there was an attempt both by TO test the above hypothesis, the plan of the 
academics and professionals to explain market study is designed as follows: In Section T we 
volatility in terms of arrival of information. This describe some theoretical issues directly related 

is an essential feature of efficient market, a with the test of market efficiency. Empirical 

cherished belief of some economists about stock results of volatility test will be presented in Sec- 
tion 11. In Section I11 we will interpret the findings 

market behaviour ICootner, 1962, 4. 24-25; of the study. Finally, the major policy 
Sharpe' 1964' ''' 425-443' Fama' @' implications that are directly related to the study 
34-105; Fama, 1970, Pp. 383-417; lensen, 1978, would be highlighted in Section IV. 
Pp. 95-1021. 

This academic approach of market behaviour 
was, however, shattered after unearthing of the 
ever-largest financial scandal in the history of 
India, popularly known as 'security scam'. The 
whole episode made amockery of academic claim 
that stock price moves efficiently. It unveiled a 
number of imperfections about the functioning of 
the capital market and people clamoured for 
immediate market reform to prevent recurrence 
of such a debacle in the future. 

Curiously, the whole debate on the present state 
of share price movement, its plausible explana- 
tions and development implications, is still sim- 
ply based on general observation of market 
behaviour. Hence, it becomes imperative to study 
what ultimately is behind the day-to-day move- 
ment in share price. In a sense, the issue appears: 

Can we trace the source of price movements in 

I Methodological Issues 

A simple model that is commonly used to 
interpret movements in share price index asserts 
that real stock prices equal the present value of 
rationally expected or optimally forecasted future 
real dividends discounted by a constant real dis- 
count rate. This valuation model is often used by 
economists and market analysts to provide 
plausible explanations for movements in stock 
price index. Thus, these movements by definition 
can be attributed to 'new information' about 
future dividends. Mathematical representation of 
the above discussions may be stated in terms of 
the simple Efficient Market Model as follows: 

According to the model, the real price P, of a 
shareat the beginning of the time period t is given 
by 

Malay K. Roy is Reader, and Madhusudan Karmakar i s  Senior Research Fellow, Department of Commerce. University 
of North Bengal. 
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Where D, is the real dividend paid at (let us say, 
the end of) time t, E, denotes mathematical 
expectation conditional on information available 
at time t, and y is the constant real discount factor 
= 1/(1 + r), where r is defined to be the constant 
real interest rate. 

The model (1) can be restated in terms of series 
as a proportion of the long-run growth factor: 
p, = PI AT-', dt = Dl. hT-"l where the growth factor 
is AT-' = (1 + g)T-t, g is the rate of growth, and T is 
the base year. The growth factor hTt has the effect 
of eliminating heteroscedasticity due to the 
gradually increasing size of the market. Multi- 
plying (1) by AT-' and substituting w e  find 

The growth rate g must be less than the discount 
rate r if (1) is to give a finite price, and hence 
'y s hy< 1, and defining i: by 'y- 1/(1+?), the dis- 
count rate appropriate for p, and 4 series is f > 0. 
The discount rate f = ~ ( d ) / ~ ( p ) . ~  

The above model may also be,written in terms 

importance of the terminal value chosen, how- 
ever, declines [Shiller, 1981 ,. p. 4251. 

Using the efficient market model developed 
above, Shiller [1981, Pp. 421-4361 deduced three 
variance inequalities to compare the variance of 
actual stock price to the variability of new 
information about future real dividend. The 
simplest inequality derived from model (3), puts 
a limit on the standard deviation of p, in terms of 
the standard deviation of p: [See Shiller, 1981, p, 

4221: 

Other two inequalities have been derived from the 
model restated in innovation form which allows 
better understanding of the limits on stock price 
volatility imposed by the model. Thus the second 
inequality puts a limit on the standard deviation 
of the innovation in price 6p in terms of the 
standard deviation of d [See Shiller, 1981, p.4271: 

the third inequality puts a limit on the standard 
of the expost rational price series p; as follows: deviation of he change in price dp in terms of 

standard deviation of d [See Shiller, 1981, p.4281: 
P, = El (P:) . ..(3) 

e 

where pf = 2 ? k + ' ~ + ,  = ?(pi, + a. 
k=o 

Since the summation extends to infinity, we never The definitions and terminologies used in the 

observe p: without some error. However, with a Efficient Market Model and variance inequalities, 
are illustrated in Table 1. 

long enough dividend S?'es we may obsave an Applying he data set given below, we would 
approximate ~:.Ifwe*lwtanarbibar~ value for use the above three variance inequalities to test 
the terminal value of $ ,*en we may determine the market efficiency i.e., to investigate whether 

- .  

actual price movement can realistically be  justi- 
P: recursively by P: = %&':+I 4) working back- fied by the subsequent changes in information 
wkd from the terminal date. If we choose a about future real dividend. If these variance 
different terminal condition, the result would be inequalities hold good in practice, the market can 
to add or subtract an exponential trend from the be designated as efficient, otherwise the existence 
p*. As we move back from the terminal date, the of 'fads' or 'bubbles' in price can not be ignored. 
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y= real discount factor for series before detrending; 
y = 141 + r) 

y= real discount factor for detrended series; ?= Q 
D, = real dividend accruing to stock price index (before detrending) 
dl = real detrended dividend; 4 1  D,. hT'"' 
A = first difference operator Ax, E x,-7, 
t3,= innovation operator; he= E,x,*- E;.,q,,$5x E 6,q 
E = unconditional mathematical expectations operator. E(x) is  the true (population) mean of x 
El = mathematical expectations operator conditional on information at time t; &q= E(xjIJ where I, is the infor- 

mation set known at time t. 
h = trend factor for price and dividend series; h. I 1 + g where g is the long-run growth rate of price and divi- 

dends 
P, = real stock price index (before detrending) 
p, = real detrended stock price index; p,= P ,  hT-' 
p; = expmt rational stock price index (expression 3) 
r = one-period real discount rate for series before detrending 
i= real discount rate for detrended series; i = (1 - y)ly 
i, = two-period real discount rate for detrended series; 7, = (1 +i)'- 1 
t = time (year 

T = base year 1 or detrending and wholesale price index 

Data Set and Time Period 

To conduct an empirical study of present nature, 
the commonly used series of data are the index 
number of share price and dividend series 
accruing to the portfolio represented by the shares 
in the price index. Since no such data package is 
readily available, we have to construct both the 
price index and dividend series based on same 
sample companies. Sample companies were 
selected on the basis of the following criteria - (1) 
accounting year must end on 31st March each 
year, (34 companies must pay regular dividend, 
and (3) their shares must be regularly traded in 
the market. Based on above criteria, 30 shares3 
across different industries were chosen to con- 
struct the initial portfolio. However it was nec- 
essary to reshuffle the portfolio time to time 
mainly to replace active by inactive shares. In the 
course of reshuffling also, only the companies that 
satisfy the above criteria were considered. The 
volatility tests are not affected by time to time 
reshuffling of portfolio, so long as the volatility 
of the price and dividend series are not misstated 
[Shiller, 198 11. 

The price series P, for 1968- 199 1 is the monthly 
average price of 30 select shares for March when 
dividend was declared, divided by the average 
Wholesale Price Index for the year scaled to 1 in 

series D, is the average dividends for the calender 
year ending March, accruing to the portfolio 
represented by the shares in the price series, 
divided by the same Wholesale Price Index of the 
year scaled to 1 in the base year 1991. 

The relevant data used to construct the price and 
dividend series have been collected from different 
sources, namely, various issues of The Economic 
Times, Calcutta; The Stock Exchange Oficial 
Directory, Bombay; and The Reserve Bank of 
India Bulletin, Bombay. 

The variable p, for 1968-9 1 is the P, times a scale 
factor hT-'. The variable d, for the corresponding 
period is the real total dividends D, times AT-'-'. 

The period of the study is confined to only 24 
years spanning over 1968-1991. Admittedly, it is 
a short period for a study of this nature. However, 
there is no readily available data package required 
for this type of analysis as mentioned earlier, that 
restrains us for considering a longer period of 
time. 

11 Empirical Evidence 

Using the equation pl= + dJ and working 
backward from the terminal date we have deter- 
mined p: @' for 1991 was set at the average 

the base year 1991 [Shiller, 19811. The dividend detrended real price over the sample) to compare 
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volatility of detrended real price series p, to the factors) and moving averages tend to smooth the 
ex post rational price series p:. Both p, and p: series averaged. 
series are displayed in Fig. I. The elements of the inequalities (I), (11) and (110 

Fig, 1 shows a smooth and sbble expos~rational are displayed in Table 2* Explanations 
variables used for the inequality test are given 

price series p: when compared with the actual 

volatile price series p,. This behaviour of p: is due The long-run exponential growth path is esti- 
to the fact that the present value relation relates mated from the relation p, = po (l+g)' which may 
p: to a long-weighted moving average of divi- be written in terms of natural logarithm as 

dends (with weights corresponding to discount = Q,, + g). 

Fig. I. Price (p) Volayity & Ex Post Rational Priq (p*) Variability 

Note: The solid line p, is the real price series scaled by multiplying by (1 .00225)199'~'. The dashed line p: is the expost rational 

price series jp; =-*L,+dJ, where 4 is the real dividend detrended by multiplying by 1.00225~~q. 

By regressing I#, on Q, and time t, it is easy of the last 24 years from 1968 to 1991. 
to estimate I, (l+g) or I, 3L. Then Xis set equal to The terminal value of p' is taken as average p. 
eb where b is the coefficient of time. The growth If a different terminal condition is chosen, the 
rate g is found to be CJ.(l0225 i.e., (l.225 Per cent result would be to add or subtract an exponential 
over theperiod 1968 to 1991. This meagregrowth trend from *; shown in Fig. I. nis is shown 
rate might be due to the fact from the mid sixties 
to the beginning of eighties, the economy was graphically in Fig. 11, in which p: was computed 
suffering from stagflation. 

The discount rate i (.058451) used to comDute from alternative terminal values. Here also p: 

pl from (3) is estimated as the average d divided remain smooth and stable as compared to the 
actual price series. As we move back from the by the average p. The discount rate of 5.84 per 

cent may appear to be unrealistic at least in view terminal date, the deviation between P: b2~0IIles 
of our present experience. However, it is the minimum, hence the importance of the terminal 
minimum average inflation adjusted rateof return value chosen declines. 
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TABLEZ. SAMPLE STATISTICS FOR PRICE AND DIVIDEND SERIES 

Sample period 1968-199 1 

1. E (PI 639.7 
E (4 37.39 

2. i 0.0584 
rz 0.1203 

3. b=IJ 0.0022 

G(b) (0.2087) 
4. a(d) 12.4245 

Elements of Inequalities: 
Inequality (I) 

5-  147.23 . 
6. o(p') 38.58 

Inequality (ll) 
7. ~ ( A P  + d-l-$-tl 118.31 

min(o) 95.27 
8. a ( d ) / s  35.81 

Inequality (m) 
9. (NAP) 

min(o) 
lo- o(d)lfi 

Note: In this table. E denotes sample mean, o denotes standard deviation and 6 denotes standard emr .  M,k (ajis the lower 
bound on o computed as a one-sided xZ 95 per cent confidence interval. The symbols p, d, ?,i,, h and p' have been defined in 
Table 1 of Section I. Data sets have also been mentioned under separate heading of that section. Inequality (I) in the text 
asserts that the standard deviation in row 5 should be less than or equal to that in row 6, inequality (II) that a in mw 7 should 
be less than or equal to that in row 8, and inequality (ID) that  in row 9 should be less than or equal to that in row 10. 

Fig. 11. Alternative Measures of Ex Post Rational Price Series G). 

Note: @:)are obtained by alternative assumptions about the present value in 1991 of dividends thereafter. The middle curve 

is the @:) series plotted in Fig. I. The series are computed recursively from terminal conditions using dividend series d. 
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Table 2 reveals that all inequalities are dra- regarding sampling error in the estimation of 
matically violated by the sample statistics. The standard deviation) 36.33, so upper bound was 
left-hand side of the inequality is 3.3 to 3.81 times exceeded by 3.3 times. Putting it another way, the 
higher than the right hand side. The o(d) over the standard deviation of d would have to be at least 
entire sample was 12.42 while o(Ap) was 119.97. 41 in order to justify o(Ap)? Fig. III(a) and 1110) 
The upper bound on the standard deviation of Ap gives an impression as to what extent price vari- 
allowed by the inequality (111) was thus (dis- ation is being justified by the o(d). 

Fig. IU(a) Extent of Price Variation Explained by a(d) 

Fig, IU(b) Extent of Price Variation Explained by a(d) 

Note: Upper plot: A h ,  whereg, is the real price series scaled by multiplying by (1 .#225)1991-'. Lower plot: 4, real dividends 
for R series times (1 .00225)'mt. 

In Fig. IXI(a), Ap series ranges from -157.3 to 
359.8, a range of over 4 standard deviations. The 
two extreme horizontal lines mark of a f 2 stan- 
dard deviation range from the mean p(Ap) i.e., 
25.90, where the standard deviation is d = 36.33 
or the upper bound allowed for a(Ap) by 
inequality (111) given a(d) = 12.42. So the area 
between the horizontal lines in fig-III(a) is the 
maximum limit of the variation of (Ap), justified 

by the magnitude of a(d) as shown in Fig. III(b). 
Thus the actual price volatility simply exceeds the 
level indicated by new information about the 
fundamental determinants of price. 

If Ap, is assumed normal and serially uncorre- 
late., the lower bound of a 95 per cent one sided 
x2 confidence interval for a(Ap) is '96.61, which 
isstill over 2.6 times higher than the upper bound 
allowed by the measure of the observed vari- 
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ability of real dividenda(d). The lower bound thus 
so dramatically exceeds the limit allowed by the 
o(d) that it would seem impossible to attribute the 
excess volatility to such things as data errors, 
price index problems, etc. 

The study clearly reveals that the share price 
volatility over the period 1968 to 1991 appears to 
be far too high to be attributed tonew information 
about future real dividends. The movements of 
futurc dividend o(d) offer only a partial expla- 
nation of variation of price (Ap) and a consider- 
able part of the price movement still remains 
unexpounded. The simple' efficient market 
models which focus on rational fundamental 
factors only, fail to consider other subjective 
variables that may also influence share price 
movement. 

Hence questions arise what is the alternative 
rnodel of share price movement'? And how does 
it differ from traditional cconomic model? What 
are the variables ignored by economists that make 
their understanding about market behaviour 
imperfect? In the following section, we deal with 
the above investigation. 

IIl Interpretations and Conjectures 

In the traditional economic view, each investor 
has a demand curve that slopes downward to the 
right. Lower stock prices result more demand. 
The aggregate of individual demand curves also 
slopes downward to the right,but witha shallower 
slope. A given stock price change is associated 
with a larger change in demand than is the case 
with individual demand. 

Fig. IV illustrates the difference and the rela- 
tionship between demand and supply when the 
supply of stock is assumed tobe fixed.111 this case, 
the assumed shape of the demand curve assures 
that there will be a single equilibrium point, and 
that it will correspond to a reasonable price. 

Given this model, changes in equilibrium price 
result through shifts in the demand curve. Fig. V 
illustrates the process. Assuming the demand 
curve shifts horizontally, equilibrium price 
increases with a shift to the right and decreases 
with a shift to the left. Positive information about 
fundamentals alone results in a shift of the curve 
to the right while negative information can cause 
the curve to shift to the left. Extent of price 

changes through shift in the demand curve will of 
course depend upon the nature and importance of 
information relating to fundamentals arriving in 
the market. 

The market's continuity rests on two assump- 
tions. The first is that the demand function is 
continuous in information and preference 
changes. The second is that the demand curve 
slopes downward to the right. 

Traditional economic model of price formation 
secmsinappropriate, as shift in demand very often 
results more from fashions and fads than that of 
change in the fundamentals. People under the 
influence of arbitrary elements buy when price 
rises and sell when it declines that further 
accentuate riseor fall in prices - the basic principle 
being 'buy high and sell low'. In the literature of 
finance this type of behaviour is often described 
as 'extrapolative expectations about prices' or 
'trend chasing' [See Frankel and Froot, 1986; 
Soros, 1987; Andreassen and Kraus, 19881. When 
investors chase trend, the slope of the demand 
curve must move upward (See Fig. VI). When 
price starts increasing, investors will then want to 
hold more stocks. But this is not possible with 
supply remaining fixed. Their buy orders will 
simply increase the bid price and the higher bid 
price will lead to still more demand. Similarly 
when price starts declining, all investors will want 
to hold less stock, but their sell order will simply 
reduce the offer price, leading to still less demand 
[Ferguson, 1989, Pp, 42-52]. When shift in 
demand of investors simply results from expec- 
tations based on extrapolations of past prices - 
prices that ultimately emerge can not be said as 
rationally determined [Case & Shiller, 1988, Pp. 
29-45]. 

Figure VI is a simple description of price 
formation process in the stock market. Actual 
shape of the net demand curve as it is claimed by 
some researchers, will depend upon the relative 
balance of 'value based rational investors' and 
'naive' or 'noise traders' in the market. Does 
rational value based investors really exist? Can 
they stabilize prices? This old question has been 
the subject of a large literature, dated back to 
Friedman [19531, Baumol [1957, Pp. 263-2711, 
Telser [1959, Pp. 295-3011, Farrel [1966, Pp. 
183-1931, and Samuelson [1971, Fp. 335-3371 
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among others.'Experiences of all earlier specu- of change in the noise traders opinion is often 
lative episodes including the present one have a described as 'noise traders' risk'. Fundamental 
few lessons for us. First, investors by and large risk is of course the basic type of risk inherent in 
are not rational. Their demand for shares depends assets price [De Long et al., 1990, Pp. 703-7371, 
much on their beliefs, sentiments and other Additional risk that noise traders add reduces 
arbitrary elements that are not fully justified by capital stock thereby welfare of the economy. 
fundamental news. Secondly,even if 'value based Excepting some interesting cases, cost of irra- 
rational investors' exist their capacity and will- tional behaviour of market is mostly borne by 
ingness to counter investors sentiment, thereby to rational investors. In each speculative bubble, 
stabilize price is not beyond suspicion [See noise traders outperform information traders, 
Keynes, 1936, P. 157; Shleifer and Summer, both in number and wealth, that resu1ts.h redis- 
1990, Pp. 19-33]. tribution of resources from information to noise 

Thus investors' psychology or irrationality isan traders that ultimately ensures noisy the 
essential feature of the market behaviour which market [Figlewski, 1978, pp. 581-5971. Blemish 
often forces asset price to deviate from funda- redistribution of wealth o~vious~y has a welfare 
mental or fair value. If asset prices do not reflect implication when welfare is computed with 
fundamentals well, then the confidence of to correct distribution of return, 
economistsin theefficiency of marketallocations If stock markets are vuly socially inefficient 
of investment resources is, to say the least, institutions for allocating capid, should it be 
weakened [Stiglitz, 1990, Pp. 13-18]. replaced, where possible, with institutions that 

provide a more sober ,and hence more accurate 
IV Development Implications measure of value? What should be our advice to 

Why should we care about market rationality? 
What are the implications of irrational behaviour 
of market for public policy? From public per- 
spective, irrationality ~f market behaviour has 
both cost and benefit while very often the former 
outweighs the latter. 

During boom, bullish investors who misper- 
ceive expected return over-invest in stocks. 
Theory shows demand for stock b y  noise traders 
increases in proportion to their misperception. 
Enthusiasm of noise traders usher liquidity, 
results in a shift in the flow of fund from non- 
productive to productive assets and economy 
beneiits. In fact, the benefits that would have been 
accrued to the society are largely offset by mis- 
utilisation of scarceresources by inefficient firms. 
During boom, faulty security prices indulge 
investors to invest plenty of funds in all industries 
indiscriminately. When people realise the ills of 
misallocationof resources, cost of shifting capital 
within and between sector prevent them from 
doing so, ultimately economy suffers. 

When the bubble bursts, investors soon realise 
that they have the asset with negative present 
value that is difficult to transfer to any buyer 
without incurring enormous capital loss. The risk 

former socialist countries, who now consider 
franchise and stock market as the most important 
requirements for economic growth? What coun- 
sel should we make to Brazil, Malaysia, Taiwan, 
South Korea and Thailand - all these developing 
countries- which over the last two decades have 
embarked upon programmes designed to develop 
their local capital markets. Should we suggest to 
them - stock markets are just driven by irrational 
waves of optimism and pessimism so that they 
should forget them and find some other capital 
market structure? Ultimately, this isa debate over 
whether relatively free markets are effective 
institutions or whether other institutions, typi- 
cally featuring government control, are more 
effective. The debate is not likely to end soon. 

NOTES 

1. The buoyancy started at the beginning of theeighties and 
after a few setbacks it continued till March 1992 when it 
reached at the top followed by a slump. The market again 
started booming from the commencement of 1994. 

2. Taking unconditional expectations of both sides of 
equation (2) we find - 
E@)=& E(d) 

1-7 
using?= 1/(1 +i) and solving we find r= B(d)/E(p). 
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3. The following is the list of 30 shares initially used fol 
and D, series. 

1. Titaghur Paper Mills 
2. Poljchem Ltd. 
3. Surat Electricity 
4. Sutlej Cotton Mills 
5. Tata Hydro> Electric Power Supply 
6. Tata Power Co. Ltd. 
7. Tata Iron and Steel Co. Ltd. 
8. Kesoram Industries & Cotton Mills 
9. Metur Chemicals &Industries Corporation 

10. Supreme Industries Ltd. 
1 1. Aluminium Corporation of India 
12. Hindusthan Gas & Industries Ltd. 
13. Indian Dyestuff Industries Ltd. 
14. Amalgamated Electricity Co. Ltd. 
15. Ahmedabad Electricity Co. Ltd. 
16. Andhra Valley Power Supply Co. 
17. Bombay Suburban Electricity 
18. Bajaj Electronic Ltd. 
19. Asian Electronic Ltd. 
20. India Cement 
21. Kemp & Co. Ltd. 
22. Sayaji MiUs Ltd. 
23. United Breweries 
24. Indian Rubber Regenerating 
25. Ruby MiUs 
26. Westem India Plywood Ltd. 
27. Cellulose Product of India Ltd. 
28. Indian Cable 
29. Universal Cable 
30. Sirdar Carbonic Gas Ltd. 

4. Inequality (m) states that 
o(Ap) S a d J 6  

or, U(A~) x @ l; ad 

or, 119.97 xd-I ad 

or, 41 Sad. 
5. Noisy price, in fact, ensued massive participation of 

'naive-trend chasing' investors that further increased the 
magnitude of noise in price. 
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kIISTORICAL BEHAVIOUR OF THE BUSINESS CYCLE IN INDIA: 
SOME STYLIZED FACTS FOR 1951-1985 

Neeraj Hatekar 

In this paper, we investigate some of the stylized facts about the business cycle in India over the 
period 1951-52 to 1985-86. The business cycle is identified with Hodrick-Prescott filtered data. In 
all, sixty-four different rime series are detrended and their historical time paths and comovements 
with other time series are described. Some business cycle regularities in respect of these features 
are documented. I t  is suggested that such stylized facts should form the basis of dynamic general 
equilibrium modelling of the business cycle. 

I about the actual behavior of various economic 
INTRODUCTION activities over the business cycle. The notion of 

The establishment of stylized facts about the stylized facts has its roots in the early work of 
historical behaviour of the economy over the Burns and Mitchell El9461 whose basic idea was 
business cycle is of immense practical impor- to provide "model free" observations. However, 

Among other things, it dlows us to the Bums and Mitchell approach was essentially 

investigate contemporaneous as well as leading 'chartist". Modern exponents of the stylized facts 
and lagging comovemenk among various ~ P P ' O ~ C ~  place greater On 

important time series. It is also possible to form ments among suitably detrended time series. As 

a judgment about the relative volatility of the is well known, this rather "theoryless" approach 

different cconomic activities. Since the exercise came under the forceful criticism of Koopmans 

is  relatively theory free, it can also be used to test [1947]. Koopmans argued that economic theory 
must enter a description of the business cycle in the various theories of the business cycle. In fact, two ways. the would serve 

in a sense, the notion of 'stylized facts' describes to differentiate the important facts and 
what phenomena lo be by a thee- the non-important ones. Secondly, he argues that 
retical modelling of the business cycle. 1 is purpseful descriptions of economic phenomena 
s ~ e c ~ a ' ' ~  the Business cannot be obtained without specifying structwal 
theory approach to business cycles, since this based on supply and demand 

is primarily basCd On theoretical sch&ules. Kydland and Prescott [1990] accept 
general equilibrium models instead of structural first criticism but reject the second one. we 
econometric models. The foundations of this too, reject the second part of the criticism. We 

were laid by h c a s  [1977] in his pro- think that a purely statistical description of the 
grammatic 'understanding Business business cycle, without too much a priori theory 

Here, analope is still insightful. Actually, it allows us a sort of 
are developedand simulated. The quality of these a skeleton around which a theory can be built up. 
simulation models is judged by how well they Such a skeleton, provided it is sufficiently corn- 
replicate the stylized facts of an actual economy. prehensive, can be a useful guide for the devel- 
Hence, to be able to establish the validity of such opment of dynamic general equilibrium models 
models, stylized facts need to be established. of the business cycle. 

This approach has been widely utilized to Keeping this in mind, we thought that it would 
analyze business cycles in the U- S. A. [Backus be useful to carry out one such exercise for the 
and Kehoe, 19921, Austria and Germany [Bran- Indian economy. Currently, the only compre- 
drier and Neusser, 1992, Danthine and Girardine, hensive business cycle study in the Indian context 
198% Blackburn and Ravn, 1990, Englund et al, is thatbyChitre[1982]. Chitre's study isagrowth 
1990, etc.1. These authors primarily investigate cycle work, that extends only upto the mid- 
correlations among various Hodrick-Prescott seventies. The growth cycle methodology is 
filtered series (the Hodrick-Prescott filter is indeed distinctive enough to appropriau: a new 
described briefly in Appendix 2). These correla- name. However, certain problems can be asso- 
tions then throw up a great deal of information ciated with such an analysis. It is commonly 

Neeraj Hatekar is Lecturer in General Economics, Department of Economics, University of Bombay, Bombay. 
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known that logarithmic first differencing, which 
is what the growth cycle approach normally 
implies, will stationarise only time series that 
have a single unit root. Some time series, that aii 
I(2), will require second order differencing. 
Hatekar [1993] has shown that Indian GDP can 
be regarded as an 1(2) series. This would mean 
that ^the cyclical components obtained by the 
growth cycle approach will not be stationary. 
Similarly, time series that are already stationary 
will be "over differenced" by the useof the growth 
cycle approach. Besides these statistical prob- 
lems, the context of the growth cycle approach is 
different from the more orthodox analysis of the 
businesscycle in terms of the levels of therelevant 
time series. They can even reach opposing con- 
clusions. For instance, even if prices qre in an 
expansionary phase in levels, the acceleration can 
be negative as long as prices are increasing at a 
decreasing rate. Hence, independently of the 
growth cycleapproach,an analysis of the business 
cycle in levels is important. Therefore, there is a 
need for a comprehensive statistical treatment of 
the business cycle on the lines of Backus and 
Kehoe [1992], Danthine and Girardine [1989], 
Brandner and Neusser [1992], etc. Below, we 
have attempted a similar description. 

In all, sixty-four different time series have been 
analysed, (details are given in Appendix 1) whose 
features have been described in brief. The busi- 
ness cycle is identified with data detrended using 
the Hodrick-Prescott filter with a weight of 400. 
(All the time series except the Net Factor Incomes 
From Abroad series was first logged. The Net 
Factor Incomes Series could not be logged 
because of negative entries). Correlations of 
detrended GDP with various other detrended 
series are described. In this paper, we have con- 
centrqted mainly on the current period correla- 
tions among the relevant series without Uying to 
establish leading and lagging comovements. 
Clearly, it is essential to establish stylized lead 
and lag comovements. We are carrying out such 
a project at the Department of Economics, Uni- 
versity of Bombay. Again, as far as this paper is 
concerned, international comparisons are limited 
to comparing our results with those of Backus and 
Kehoe [I9921 for ten developed countries and the 
results of Brandner and Neusser [I9921 for 

Austria and Germany. A larger project for esta- 
blishing common business cycle facts for devel- 
oping economies in general and for some south 
Asian economies in particular is being carried out 
at the Department of Economics, University of 
Bombay. It will also be interesting to isolate 
stylized facts that India shares with the developed 
countries. As the meager results in this paper 
indicate, it is by no means a futile exercise to look 
for similarities across various stages of develop- 
ment. We hope to be able to report these results 
in the near future. 

I1 
THE METHODOLOOY OF lDENnFICATlON 

OF THE BUSINESS CYCLE 

Economists commonly decompose univariate 
time series into a secular "long term" growth 
component and a "short run" cyclical component. 
Various different approaches have been adopted 
in the literature towards detrending univariate 
time series. Among these, linear detrending and 
taking first differences have been the most pop- 
ular so far. 

It is generally assumed that the long run 
component is relatively smooth, and does not vary 
much over the duration of thqcycle. Hence, it has 
bwn the practice to regress a time series on time 
(or some polynomial in it) and treat the residuals 
from the fitted .regression line as the short run 
cyclical component, to be explained by business 
cycle theory [i.e., Bodkin 1969, Lucas 1973, 
Barro 1978, Sargent 1978, Taylor 1979, Hall 
1980, Kydland and Prescott 1980, Chitre and 
Paranjpe 1987, and Chitre 1991 1. 

However, as Nelson and Plosser [I9821 have 
pointedout ina seminal paper, secular trends need 
not be modelled as deterministic processes. As 
shown in Blanchard and Fischer [1989], a unit 
root in the innovations to output can inducea unit 
root non-stationarity in real time series like GDP. 

For such time series, business cycle models 
based on time trend residuals are misspecified. 
Chan Hayya and Ord [ 19771 and Nelson and Kang 
119811 have pointed out that the autocorrelation 
function of the residuals from a regression of a 
random walk on time is a statistical artifact in the 
sense that it depends entirely on the sample size 
and implies strong positive autocorrelations at 
low lags with pseudo periodic behaviour at long 
lags. Thus, the persistence of the business cycle 
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will get overestima tcd. model the business cycle components based on 
Nelson and Plosscr [I9821 have suggested that multivariate methods [Blanchad and Quah, 

series with a unit root can be made stationary by 1989, Shapiro and Watson, 19881. However, the 
taking first differences of the data. Indeed, this identification restrictions are still controversial. 
methodology has been commonly used in sta- Hence, we have decided lo use the Hodrick- 
tionarising data. However, as a technique for Prescolt (HP) filter in spite of all the above 
business cycle analysis, it has the following objections. The HP filter still remains the 
limitation: simplest, easiest to use and the least controversial 

First differencing eliminates low frequency among the existing business cycle exWaction 
components of the data, It also posses tho maxi- t~hnologies. 
mum number of high frequency components, Table 1 gives the basic characteristics of the 
Such high frequency components will not be of &trended data using this, m e e d *  Ther?, the 
much use for business cycle analysis which is variance of each series and Its variance relatlvf: to 
primarily interested in medium to high frequency GDP is presented. The technique of Hodrick. 
componenb, For instance, fkst dilfcrencing, at Prescott filtering is discussed in appcndix 2. 
one extreme, may pass only random noise, me Below, we discuss the main Findings of the paper. 
business cycle analyst, on the other hand, might rn 
be lookinn for a cvclical movement that lasts STYI.II,ED BUSBVESS CYCLE PP,ATUH&S FOR INDIA 

much ionier, for instance, one to five years. 
Random noise is hardly likely to serve his pur- 
pose, This criticism is also applicable to the 
growth cycle approach, 

For those series that are not I(O), detrending by 
regrossing on time will give a misleading picture 
of the business cycle. Use of the first difference 
operator on stationary series will, on the other 
hand, lead to non-invertibility in the moving 
average part [Nelson and Plosser, 19821. Apart 
from that, sinca the order of integration is dif- 
ferent for different series, all of them would have 
to bedifferenceda different number of times. This 
may distort the relationships between series 
[Wallis, 19741, Consequently, all the series have 
b a n  detrended using the Hodrick-Prescott filter. 

Onedisadvantage of the Hodrick-Prescott filter 
is that it is optimal only for a restricted class of 
models [King and Rebelo, 19891. An alternative 

GDP: The first trough to lrough movement 
appears from 1953 to 1958. However, the decline 
in 1958 is a temporary disturbance, lasting only 
for a year. The real decline starts in 1965 and the 
fall continues till 1967. 1967-68 is marked by a 
recovery, that continues till 1971, from where a 
fresh decline starts that continues till 1975. There 
is again an upswing till the peak is reached in 
1977-78. Following this, there is again a sharp 
decline and a recovery begins in the following 
year, lasting well into 1985-86. GDP fluctuations 
are rather sharp, in contrast to fluctuations in 
individual sectors like mining that are much 
smoother and much more persistent, The global 
peak appears in 1964-65, while the global trough 
appears in 1967. Most of the real output sectors 
show positive partial correlations with GDP, 
indicating the existence of a business cycle. 

would be to extract the business cycle component Agriculture and Primary Sector 
on the basis of an elaborate model fitted indi- 
vidually to each series. For example, Bcveridge Perhaps the source of sharp fluctuations in GDP 
and Nelson [19811 have suggested a is to be found in fluctuations in this sector. 
decomposition based on a fitted MtIMA model Agriculture and primary sector have contributed 
for each individual time series. However, suchan a very large proportion of GDP, Consequently, 
approach is extremely time consuming. Besides, these fluctuations might appear decisive from the 
in theIndian context, i t is alsonot feasible because point of GDP fluctuations. Indeed, the partial 
of the short lengths of most of the time series correlation coefficients of CDP fluctuations with 
involved. Again, the trend and the business cycle primary sector and agricultural fluctuations are 
are viewed as being driven by a hornogcneous 0.87218 and 0.86238, respectively. The relative 
disturbance. There have been some attempts to sharpness of these fluctuations cmyhasizes the 
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relative dependence on weather and a lack of 
heavy investment and substantial linkages with 
the other sectors of the economy, resulting in a 
lack of significant propagation mechanisms. 
Actually, there are very few fluctuations in this 
sector that last more than a year. There is one 
upswing lasting from 1952 to 1965, except for a 
sharp temporary decline in 1957 and another in 
1966-67, Even this decline gets converted into a 
boom by 1969. A new decline sets in by 1970. 
After that, there are no long lived cycles. It is 
possible to overemphasize the importance of 
agricultural and primary sector shocks for the rest 
of the econqmy. As can bc seen from table 2, 
contemporaneous partial correlations of agricul- 
tural fluctuations with fluctuations in other sec- 
tors are quite low. For instance, partial 
correlations of agricultural fluctuations with 
fluctuations in secondary sector and tertiary 
sector are only 0,011982 and 0,020393, respec- 
tively, (Of course, in thc case of agricullure, 
leading and lagging comovements with other 
sectors also need to be established). However, 
correlation of agricultural fluctuations with 
fluctuaei~n in real domestic consumption 
expenditure is 0.72604. Also, its correlation with 
gross domestic product deflator fluctuations is 
-0,40402. Real budget deficit fluctuations are also 
negatively correlated with these, the correlation 
being -0,26825. The correlation of agricultural 
fluctuations with thc individual subsectors of the 
index of industrial produc tion never exceeds 0.35, 
while several sectors show very little correlation. 
Fluctuations in nominal money also show little 
correlation with agricultural output fluctuations. 
Thus, agricultural fluctuations might be of little 
relevance in explaining output fluctuations in 
outputs of other sectors, in the absence of strong 
linkages. A boom in agriculture generates 
incomes in agriculture, which raises consumption 
and lowers the aggregate price level. However, at 
least as far as contemporaneous effects are con- 
cerned, agricultural fluctuations do not seem to 
be playing a major part, 

Forestry and Fishing 

Apart from agriculture, this is the other com- 
ponent of primary sector output. Forestry and 

fishing move quite differently till 1970, aftor 
which they begin to move in tandem, rising and 
falling together. Fluctuations in forestry are more 
pronounced lhan fluctuations in fishing. From an 
all time high in 1951, forestry shows a decline till 
1954, at which point a recovery begins. The 
recovery lasts till 1967, at which point a peak is 
reached and a decline sets in. From a decline in 
1968 and 1969, a recovery begins, which apart 
from temporary disturbances lasting not longer 
than a year, continues till 1977. From that point, 
a decline again sets in till 1984-85, at which point 
a recovery begins, going well into 1985-86. For 
fishing,arecovery starts from 1954 and continues 
upwards till 1957-58. From that point a recession 
sets in and reaches a trough in 1963. After that 
there is a series of mild booms and dqressions at 
short intervals, till the next large boom begins in 
1974. This reaches its peak in 1976, from which 
point, there is a general decline till 19%. At this 
point, anew recovery startsagain. Howevor, from 
the point of view of the aggregate business cycle, 
these fluctuations are rather peripheral. Fluctua- 
tions in forestry have a rather large positive 
correlation with fluctuation in electricity, but 
obviously riot every correlation implies a mean- 
ingful relationship. Forestry fluctuations are also 
rather anticyclical because they are negatively 
correlated with GDP fluctuations. Correlation of 
forestry fluctuations with agriculture fluctuations 
is also negative, indicating probably that forestry 
tends to be taken up as a residual activity whcn 
crop conditions are bad. 

Mining 

These fluctuations are much smoother and 
longer lasting in comparison to the GDP fluc- 
tuations. From a peak in 1952, there is a general 
decline till a trough is reachedin 1959. Arecovery 
starts again, and reaches a peak in 1963-64. In the 
following two years, there is a temporary decline, 
and in the next year, the global peak is reached in 
1967-68. From that point, there is a sharp decline 
going all the way to 1979, apart from a temporary 
improvement in fortunes in 1977. From 1979, a 
new boom starts, going all the way to 1984-85. 
Mining fluctuations are only mildly procyclical, 
as indicated by a low positive correlation with 
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GDP. The tertiary sector fluctuations show strong 
positive correlation with mining fluctuations. 
Also, all the transport sectors show positive 
correlations with mining fluctuations. Net 
domestic capital formation fluctuations are very 
weakly correlated with mining when aggregate 
net domestic capital formation is concerned. But 
that hides the true picture. Mining fluctuations are 
more strongly positively correlated with two 
components of net domestic capital formation, 
viz, machinery and construction, and negatively 
correlated with change in stocks. Fluctuations in 
manufacturing and electricity also show moderate 
positive correlations with mining fluctuations. 
Mining fluctuations also have high correlations 
with fluctuations in the production of basic met- 
als. 

Secondarv Sector and Manufacturing 

Since manufacturing accounts for a predomi- 
nantly large part of the secondary sector output, 
both the time series move together for the large 
part of the secondary sector fluctuations. From a 
high in 1951, secondary sector falls till a trough 
is reached in 1954-55. At that point, a moderate 
recovery sets in, which continues till 1957, from 
where a recession starts, which is carried on upto 
1959. A great recovery starts in 1959-60, prob- 
ably as the impact of the second five year plan 
begins to be felt. Manufacturing begins to do 
moderately better than the overall secondary 
sector output. The boom in manufacturing con- 
tinues till 1965 from where thereis a sharpdecline 
anda lrough is reached in 1968-69. The secondary 
sector as a whole, however, touches its all time 
low only in 1975. There is a steady decline in 
secondary sector output from 1965 to 1975. At 
that point, recovery starts till 1978, converts into 
a recession for secondary sector as a whole as well 
as the manufacturing sector and reaches a trough 
in 1981. A new recovery starts at this point, For 
the manufacturing sector, the effect of the first oil 
shock in 1973 is hardly felt. There is adecline for 
both the series around the time of the second oil 
shock in 1979. This clearlypoints to the long term 
decline in the secondary sector output from 1965 
to 1975. Also, the peak reached in 1964-65 was 
not to be surpassed ever again. 1964-6s also 

marks the culmination of the second five year 
plan. The decline from 1964-65 to 1975 looks all 
the more dramatic because it is a fall from such a 
great height. This has often hidden the fact that 
the peak reached in 1977-78 was higher than the 
peakreached in 1956. Also, the trough reached in 
1981 is not as deep as the trough in 1954. The fall 
after 1964-65 looks extremely marked because 
the second plan was highly successful in raising 
secondary sector output over the cycle. 

The secondary sector output fluctuations show 
little correlation with primary sector and agri- 
cultural fluctuations. It has mild procyclicity, as 
can be inferred from the mild positive correlation 
with GDP fluctuations. Secondary sector fluc- 
tuations are strongly correlated with tertiary 
sector fluctuations, in particular with fluctuations 
in outputs of the three mnsport sectors, i.e., 
transport, communication and trade, transport, 
storage and communication, and railways. Fluc- 
tuations in trade, hotels and restaurants, finance 
and real estate, real balances also show mild 
positive correlation. The machinery component 
of net domestic capital formation shows strong 
positive correlation with secondary sector fluc- 
tuations. There is a mild positive correlation also 
with construction. Consumption fluctuations 
show little correlation. All the price level mea- 
sures show mild negative correlations. Real bal- 
ances are mildly positively correlated. High 
powered money fluctuations are weakly 
positively correlated. Time deposits are mildly 
negatively correlated whereas currency with the 
public is positively correlated. Deposit money 
shows negligible correlation. Net domestic cap- 
ital formation is  positively correlated, whereas the 
average propensity to consume is negatively 
correlated. It is worthwhile to note that con- 
sumption shows little correlation with secondary 
sector fluctuations, whereas net domestic capital 
formation shows weak correlations with the 
agricultural sector fluctuations. Consumption 
over the cycle moves with agricultural output 
whereasinvestment moves with industrial output. 
Finance and real estates also move with secondary 
sector output. Consumption and finance, in turn, 
show a weak positive correlation. The ratio of 
registered to unregistered manufacturing output 
shows fluctuations that are strongly positively 
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correlated with secondary sector fluctuations. over the boom, manufacturing output gets shifted 
This implies that over the cycle, registered man- into the registered sector, whereas a reverse 
ufacturing expands relative to unregistered process might be operating in the recession. 
manufacturing. This is borne out by correlations 
of registered and unregistered manufacturing Construction 
with other time series. For instance, correlation 
of registered manufact~ring with ~0Il~trU~ti0n is Cons&uction fluctuations are relatively smooth 
0.45893, while that of unregistered manufactur- compared to the secondary sector flue- 
ing is only 0.15. Similarly, correlation of regis- tuations. A fall begins from a pek in 1951 and 
tered manufacturing with electricity is 0.47987 c,tinues till 1954. There is then an upswing till 
whereas lhat Of unregistered manufacturing is 1957, and a recession starts from that point, there 

0.10329. The of registered isasmallrecoveryandanatherrecessiontilll963. 
manufacturing with the tertiary sector is 0.76069, A major recovery begins here, continuing till whereas that unregisrered manufacturing is 1968. Then, there is a recession upto 1975, where only 0.31597. Except transport by other m e a s  
and storage, all transport sectors show greater a new recovery begins. This phase lasts till 1978, 
correlation with registered manufacturing nut- and ehen there is a mild rf .ession, continuing to 
tuations. That is m e  also of communications, 1983, from where a new  swing starts. Con- 
trade, hotels and restaurants, finance and real struction is mildly procyciical, since its correla- 
estate, communication and personal services, etc. tion with GDP fluctuation is 0-31461. It has a 
The correlation of net foreign incdmes with reg- higher correlation with some components of the 
istered manufacturing sector is small and nega- secondary sector and the tertiary sector. It is 
tive, whereas correlation with unregistered highly to mildly positively correlated with all the 
manufacturing is small and positive. Registered transport sectors, trade, hotels and restaurants, 
manufacturing shows negligible correlation with and consumption. Construction is a highly vola- 
consumption, whereas unregistered manufactur- tile activity, as evidenced by a high variability 
ing shows weak positive correlation. The cone- relative to GDP. 
lation of net domestic capital formation with 
registered manufacturing is 0.43774 while that Electricity, Gas and Water Supply 
with unregistered manufacturing is 0.045130. 
High powered money shows weak positive tor- From a high point in 1952, output falls till 1957, 
relation with registered manufacturing and neg- from which point, there isa recovery. This 
ligible with unregistered recovery lasts till 1968, from where a recession 
manufacturing. The construction component of begins, going on till 1975. There is ;mother 
net domestic capital formation shows moderate recovery till 1979, except for a momentary set- positive cOmovement registered manufac- back in 1977. From 1979, a ,.rnession begins, turing and negligible comovement with unregis- 
tered manufacturing. Textiles, in particular cotton 1981. There is then a small and slow recovery, 

textiles, show a stronger positive comovement lasting into the end of the sample period, that is 

with unregistered manufacturing. This is &so true 1985. This sector is only mildly procyclical. Its 
of paper and paper prodllcts and metallic prod- correlation is much higher with the secondary 
ucts, and manufacture of transport equipment. ~t Sector and tertiary sector fluctuations. It is highly 
would be fair to conclude that over the boom, positively correlated with all the transport secton, 
unregistered sector would account for the greater except vansport by other rfKXlns and storage. It is 
part of the manufacturing of these products. It is also suongl~ positively correlated with trade, 
also clear that the unregistered sector is handi- hotels and restaurants, and finance and real estate. 
capped over the business cycle in terms of The machinery component of net domestic capital 
resource availability in comparison to the formation is positively and strongly correlated 
registered manufacturing sector. Consequently, with this sector, 
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Tertiary Sector positive correlation with the secondary sector. 
Their correlations with agricultural and primary 

From a high in 1951, there is a marked fall till sector fluctuations are not large. In the case of 
1954. A slow and faltering recovery begins, all railways, they are negatively conelated. The 
the way upto 1965. The boom breaks in 1966,and codat ion of mde, hotels and restauants with 
a great recession sets in till the worst fortunes transl is as high as 0.97, ~t is also high forrail and 
CXI~ountered in 1975. From that point, a slow hns2,  Transf only shows mild positive cone- 
hesitant recovery sets in till 1985. The tertiary lation wilh hde, hokls and restauranB, 
sector is mildly procyclical. Its cornlation with , and transZ also show a high positive 
agriculture and primary sector fluctuations is very 
low. It is highly positively correlated with the with community and personal services, and with 

secondary wctor in and manufneturing in public administration and defence. Net domestic 
particular, 1t is negatively correlakd with net capital formation shows moderate positive COr- 
factor incomes from abroad, It has we& negative rt3iation with transl. C ~ n S t f u ~ t i ~ n  activity shows 
corrotation with the GDP deflator, wholesale a strong positive ~ofleladon with railways. 
prices and non-administered prices, Except for Change in stocks is also moderately to weakly 
potroleurn products, bcveragcs and metallic negatively correlated with railways. The gcnerd 
products, it has a moderate to high positive index of industrial production shows high to 
correlationwith theindividual sectors of thcindex modeate positive correlation with d l  the trans- 
of industrial production. It has a madcrate posi- port sectors, Mining shows high positive cone- 
tive ~0ffelation with ~ O n ~ ~ m p t i ~ n .  It has weak lalions with transl, trans2 and trans3, and a 
positive ~0XTelution with net domestic capild moderate conelation railways. Beverages 
formation, machinery and construction being ,how strong coTrelation with only rail- 
moderately positively correlated, whereas change ways, On the convary, show in stocks is weakly negatively correlated. The conelations with transl, uans2, vans3 ad 
correlation of the tertiary sector wilhnuc tuations negligible conelation wilh railways, For 
in real budget deficits is negligible. Real balances 
show we& tonegligible conelations tertiary tuations in most of the sectors of the index of 
sector fluctuations, Currency with the public industrial production, vansport Secton show 
shows a moderate positive correlation, Deposit positive mild to strong conelationsl 
money and time deposits are weakly negatively 
correlated. Communications 

Transport Sectors This is also a subsector of the tertiary sector. 
This sector starts from a high in 1951, and falls 

This sector is a subsector of the tertiary sector till 1954, There is a sharp rise till 1957, from 
WId C O ~ S ~ S ~ S  of tlllnspoft, ~ ~ m m ~ n i ~ i t t i ~ l l  and where there is a decline till 1961. A major 
trade (transl), mnsport, s t o w  and communi- recovery starts from 1961, and continues very 
cation (wans2), and lapidly upto 1965.66, After that, there is a great and (Irans3)' As far as rsilwa~s are fall to 1975, From there, a hesifant and slow concerned, we find a dgline from 1951 to 1955, 

movement smts till 1985, from from when onwards a recovery sets in till 1967. 
There is then a slow decline, reaching a trough at point another recession might have begun. This 
the railway strike of 1974-75. A fresh recovery Sector is conelaled highly with trans1 and public 
starts till 1978, from where there is a dmljne till administration and defence. Apart from that, no 
1981. There is the.n a temporary improvement, clear Pattern emerges regarding this sector's 
and a decline sets in again in 1982, which con- correlations with other sectors. This sector i s  also 
tinues till 1985, from where the series moves almost acyclical, as is proved by the rather small 
upwards. All the transport series show high correlation with GDP. 
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Trade, Hotels and Restaurants 

This sector, unlike communications, is strongly 
procyclical. It also has a weak and positive 
correlation with agriculture and primary sector 
fluctuations.It has a high positive correlation with 
the secondary sector, manufacturing and in par- 
ticular registered manufacturing. It has moderate 
positive correlation with consumption and a mild 
negative correlation with all the price level 
measures. Its correlation with net domestic capital 
formation is 0.39376. It has a mild negative 
correlation with time deposits, but negligible 
correlation with high powered money, demand 
deposits and a weak positive correlation with 
currency with the public. Real balances are 
weakly positively correlated. Fluctuations in the 
general index of industrial production are 
strongly positively correlated with fluctuations in 
trade, hotels and restaurants. 

Finance and Real Estate 

From a high of 1951, there is a slow decline, 
interrupted by occasional small recoveries, right 
upto 1961. From that point, there is an upswing, 
going up all the way to 1963-64, from where a 
fresh decline sets in. The decline continues to 
1968, which is a relatively mild recession. Busi- 
ness fortunes recover from here upto 1972. Then 
comes a great decline, where business reaches its 
all time low in 1975. There is again a recovery till 
1979, and a new fall starts that lasts till 1982. 
Finance and real estate then onwards enjoy a 
recovery to the end of the sample period. This 
sector is moderately procyclical. It is more highly 
correlated with mining, secondary sector, and 
registered manufacturing. Its correlation with 
banking and insurance is as high as 0.79037. It is 
also moderately correlated with public adminis- 
tration and moderately negatively correlated with 
net factor incomes from abroad. It has a negative 
correlation with the price magnitudes and negli- 
gible correlation with average propensity to 
consume. It shows positive correlation with the 
currency with the public, moderate negative 
correlation with time deposits, and a high nega- 
tive correlation with demand deposits with the 
public (demand deposits). It has got a high and 

positive correlation with real balances. The gen- 
eral index of industrial production shows weak to 
modcrate positive correlation with finance. 

Banking and Insurance 

Upto 1957, banking and insurance shows rather 
erratic fluctuations. After 1957, a sustained 
recovery begins, that lasts till 1964. There, a 
downward movement begins, continuing till 
1968. Then there is an upward phase till 1972, 
where a new recession begins. This recession 
continues till 1975, from when onwards there is 
an upward movement till 1979, where an all time 
highpeakisreached. Thereisnow adrop till 1982, 
from when arecovery begins afresh till 1985. This 
sector is a mildly procyclical one. It also has a 
moderate positive correlation with agriculture 
and primary sector fluctuations. It shows a 
moderate negative correlation with real estate, 
ownership of dwellings and business services. It 
shows a mild positive correlation with public 
administration and defence. It has a strong neg- 
ative correlation with the gross domestic product 
deflator, though its correlation with wholesale 
prices is higher in absolute terms. It has a negli- 
gible correlation with net domestic capital for- 
mation. It is moderately positively correlated with 
the general index of industrial production. 
Overall, this sector does not seem to be playing a 
big part in the aggregate business cycle. 

Real Estate, Ownership of Dwellings 
and Business Services 

This sector shows an unmitigated sustained fall 
from 1951 to 1961. Thereafter, there is a rise till 
1967, from which point a slow but steady decline 
sets in upto 1981. This trough is very mild and a 
slow recovery takes the sector to the end of 1985. 
This sector is weakly anticyclical. In particular, 
it shows mild negative correlation with agricul- 
tural and primary sector fluctuations. It has a mild 
negative correlation with banking and insurance. 
It shows a mild positive correlation with other 
services. It shows a strong positive correlation 
with the general price level measures, viz., gross 
domestic product deflator, wholesale prices and 
non-administeredprices. It shows strong negative 
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correlation with time deposits, mild positive correlation with net domestic capital formation is 
correlation w'ith demand deposits and negligible negligible. It is positively and mildly correlated 
correlation with currency with the public. I t  has with currency with the public, and mildly nega- 
a moderate to high negative correlation with real tively correlated with other nominal money 
balances. Its colrelation with the general index of magnitudes. It has a weak positive correlation 
industrial production is negligible. with construction component of net domestic 

capital formation. It has a mild positive correla- 
Community and Personal Services tion with the general index of industrial produc- 

tion. 
From 1951, there is a steady decline till 1956, 

from where again the sector picks up, and reaches Other &rvices 
apcakin 1965. From that point, there is a gradual 
decline to 1978, when a recovery sets in till the The sample period begins in the midst of a 
end of the sample period. This sector is only very recovery by this sector. There is a smooth con- 
mildly procyclical. It shows a very high positive tinuous upswing till 1961, from which point a 
correlation with public administration and downturn starts all the way to 1979. A sharp 
defence, andotherservices. It is weakly positively recovery begins there, with a quantum jump in 
correlated with consumption. It shows negligible 1979. From then onwards, recovery is steadily 
correlation with aggregate price level magni- upwards till the end of the sample period in 1985. 
tudes, but a weak positive correlation with the This sector is acyclical in the sense that its 
average propensity to consume. It shows correlation with GDP fluctuations is negligible. 
negligible correlation with net domestic capital However, it again shows a mild positive cone- 
formation, and time deposits. Its colrelation with lation with mining and weak positive correlation 
currency with the public is however, high and with secondary sector fluctuations. It shows 
positive. The correlation of this sector with real strong to mild correlations with the transport 
balances is negligible. It shows a mild positive sectors. has a mild negative with net 

with the construction part of net factor incomes from abroad. It has negligible 
domestic capital formation. It  is mildly positively with consumption, and with all the 
correlated with the general index of industrial general price level measures. Cunency with the 
production, mining and electricity subsectors of public is mildly positively with flue- 
the general index of industrial production. tuations in this sector, whereas time deposits 

Public Administration and Defence 

From ahigh of 1951, thereisasharp fall to 1956. 
At this point, a slow recovery begins, that gathers 
great momentum in 1962 and there is a very sharp 
upswing till 1965,from which point thereisaslow 
decline upto 1977. From then onwards, there is 
again a sharp upswing till 1985. This sector is 
weakly procyclical. It shows weak negative cor- 
relation with agricultural and primary sector 
fluctuations and a mild positive correlation with 
mining, and secondary sector fluctuations,as well 
as fluctuations in other services. It shows a strong 
negativeconelation with net factor incomes from 
abroad. It has a mild positive correlation with 
consumption and a weak positive correlation with 
all the measures of aggregate price level. Its 

exhibit only a weak positive correlation. ~ e ~ o s i t  
money is highly negatively correlated with this 
sector. Correlation with net domestic capital 
formation is negligible. It has a mild positive 
correlation with the general index of industrial 
produ~ ,ion. 

Net Factor Incomes from Abroad 

From 1951 onwards, there is a gradual upswing 
till 1956. From then onwards, there i s  a steady 
decline till 1973, This is followed by a marked 
upswing till an all time high is reached in 1981. 
Then, there is a great fall till an all time low is 
reachedin 1985. This sector ismildly wticyclical, 
which means that domestic booms are accom- 
panied by fails in the net factor income from 
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abroad. Backus and Kehoe [I9921 found in their 
study of ten developed countries that net exports 
were generally counter cyclical. Our study has 
also made a closely related finding. Ilse Mintz 
[I9591 found countercyclical trade balance for 
prewar United States. Backus, er al., [I9921 note 
the countercyclicity of the trade balance for the 
twelve countries that they have studied. In India, 
fluctuations in net factor incomes from abroad 
show strong to mild negative correlations with 
mining, secondary sector output, manufacturing, 
registered manufacturing, and a weak positive 
correlation with unregistered manufacturing 
fluctuations. It has a moderate negative correla- 
tion with consumption. It has negligible correla- 
tions with the gross domestic product dcflator, a 
weak positive correlation with net domestic 
capital formation, and a negligible correlation 
with high powered money. Its correlation with 
wholesale price level is weakiy positive. Similar 
is the case with the correlation with time deposits 
and currency with the public anddemand deposits 
(demand deposits).. Consequently, M, fluctua- 
tions become mildly positively correlated with 
the fluctuations in net factor incomes from 
abroad. Real balances (rb2) show a weak positive 
correlation with fluctuations in this sector. An 
interesting feature is the moderate negative cor- 
relation of the ratio of registered to unregistered 
manufacturing output with this sector. The 
change in stocks component of net domestic 
capital formation is also moderately positively 
correlated with these fluctuations. The general 
index of indusuial production is weakly nega- 
tively corrclated. 

Real Domestic Private Final Consumption 
Expenditure 

The sample period starts from an upswing in 
1951. There iS an upward movement till 1954. 
Then, a downturn starts till 1958. From then 
onwards, thcre i s  a series of irregular movements 
till 1966. At this point, there is a marked upward 
movement till 1971. Interestingly, this period 
corresponds to the great decline in a number of 
industrial sectors a s  we have seen above, From 

then onwards, there is a decline till 1977, after 
which there is again a series of more or less 
irregular movements. The irregular movements 
are so marked that it would perhaps not be 
appropriate to speak of any "business cycle" 
showing any systematic pattern in consumption. 
That is clearly because consumption is highly 
correlated with agricultural and primary sector 
fluctuations, which are highly weather dominated 
and are more in the nature of random fluctuations 
than systematic business cycles. Consumption 
shows a high positive correlation with primary 
sectorand agricultural fluctuations and a weak to 
moderate positive correlation with secondary 
sector and tertiary sector fluctuations. Con- 
sumption is procyclical. This was also the finding 
of the Backus and Kehoe [I9921 study for 
developed countries. In their study, the cmss 
correlations between fluctuations in consumption 
andoutputrangedbetween 0.41 for prewarunited 
Kingdom to 0.91 for prewar United States. Our 
figure falls well within this range, as can be seen 
from table 2. Not only that, Backus and Kehoe 
found that the ratio of the standard deviation of 
consumption to the standard deviation of output 
(HP filtered) was close to one. As can be seen 
from table 1, our study vindicates this finding for 
India. Hence, this seems to be a genuine business 
cycle regularity that holds internationally. On the 
other hand, average propensity to consume (apc) 
is mildly anticyclical. That can be taken to imply 
that the distribution of incomes becomes adverse 
over the boom. If income gets shifted over the 
boom into the hands of richer classes and is 
concentrated into poorer households during the 
recession, one can expect the average propensity 
to consume to fall. This is borne out by the fact 
that the average propensity to consume shows a 
mild positive comovement with the measures of 
the absolute price level. Over the boom, sec- 
ondary and tcrtiary sectors expand, and the 
absolute price level falls. Real incomes of the 
fixed income classes go up. The fixed income 
classes are the generally bettcr off middle classes, 
which reduces the apc. Over the recession, 
incomes tend to be withdrawn from these people, 
This leads to a rise in the apc. The fact that 
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consumption increases less than proportionately findings have been reported using similar meth- 
can also be adduced as evidence in favour of the ods by Cooley and Hansen [1989], Xydland and 
permanent income hypothesis, where consump Prescott [1990],and Wolf [I9911 for theU,S. and 
tion over the cycle increases less than propor- by Corriea et a2.. [I9911 for Portugal. Hence, at 
tionately with rise in income. However, since least for the post-war world, countercyclicity of 
GDP is an I(2) process, there is some doubt the price level measures seems to be a fairly well 
regarding the exact process followed by real documented international feature. On the 
personal disposable income, which should also be assumption that the covariance of thedemand and 
an I(2) process thcorctically. However, con- supply shocks is zero7 this perhaps suggests that 
sumption was found to be a process that is I(0) the business cycle can be described by an 
with a trend. Clcarly, any attempt to explain ai%regak supply s~hedule moving along a rela- 
movement of the average propensity to consume tively stable demand schedule. 
over the cycle in terms of the permarrent income Our findings imply that in India, over the boom, 
hypothesis would crem the problem of explain- there is a fall in prices, and a rise over the 
ing the excess smoothness of consumption over rece~sion. In general, these ITleasMes show neg- 
the @end. It seems more appropriate to consider ative correlations with agricultural as we1' as 
distributional changes. I+. is also interesting to note activity * though the 

consumption shows a very strong positive magnitudes are different. All the nominal rnoney 

correlation with agricultural and primary sector magnitudes are either weakly negatively corre- 

fluctuations, and negligible correlation with lated with prices or show negligible correlation. 

registered manufacturing, as also weak correla- Thus, the picture is that of a price level driven 

tions with secondary and manufacturing sectors, over the cycle by real rather than by monetary 

but a mild positive correlation with tertiary sector factors, or by supply side rather than by demand 

fluctuations. Time deposits and deposit money side factors. At this stage, the evidence regarding 
prices is not particularly prejudicial to real busi- 

(demand de~osils) arc 
'Orre- ness theory. However, *,-ice fluctua~ons are not 

laledwith consumption, whereas currency with neutral. As seen above, they could be 
the public shows mild positive correlation. Real redisuibuting incomes, leading to changes in the 

show a weak positive The structure of production over the business cycle. 
general index of industrial production shows a Had price chanps been neutral, average pro- 

positive with cOnsum~ti~n pensity to consume should have been acyclical. 
fluctuations. Since the price level is anticyclicai, if money 

Measures of the Absolute Price Level 
wages are reasonably rigid, realwages would also 
increase over the cycle in those sectors where 
labour unions are sufficiently strong. 

The measures of wholesale price level, viz., 
Gross Domestic Product Deflator, (GDPD), Nominal Money Magnitudes 
Index of Wholesale Prices (WPI) and Non- 
administered Prices (Nonad) are largely coun- The nominal money magnitudes that have been 
tercyclical. This was also found by Backus and considered hcre are 1) Currency with the public 
Kehoe 119921 for the ten developed countries that (Cum), 2) Time Deposits (TD), and 3) Demand 
they studied. in eight of these ten countries, post deposits (referred to as demand deposits with 
war prices were inversely correlated with output, public). 4) High powered money (HPM). 5 )  M,. 
and twocountries (Canada and Gemany) showed 'I'D and HPM are mildly anticyclical. Curr and 
correlations that were close to zero. Brandner and demand deposits have a negligible correlation 
Neusser [I9921 also report the same finding for with GDP fluctuations. As a result, M, is only 
their study of Austria and Germany. Parallel weakly anticyclical. This agrees with the Backus 
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and Kehoe [I9921 finding for post-war Canada, 
Italy and Sweden. Curr is weakly negatively 
correlated with agricultural and primary sector 
fluctuations. Time deposits show no correlations, 
whereas demand deposits show weak positive 
correlations. High powered money shows mod- 
erate negative correlation with agricultural and 
primary sector fluctuations. M, shows moderate 
negative correlations with almost all the pro- 
duction sectors in the economy. It shows a 
moderate positive correlation with the average 
propensity to consume. Curr shows moderate 
positive correlation with secondary sector and 
manufacturing output. Time deposits show neg- 
ative correlations with the same sectors, whereas 
HPM shows weak positive correlations. It is 
interesting to note that real balances (rbl which 
is M, divided by WPI and rb2 which is MJGDPD) 
show weak to mild procyclicity. Brandner and 
Neusser [I9921 have found that real money bal- 
ances are strongly procyclical for Germany, but 
anticyclical for Austria. There does not seem to 
be great international consensus on the move- 
ments of the money stock. In India, real balances 
are mildly positively correlated with GDP, 
agriculture, primary sector, secondary and man- 
ufacturing sectors. The general index of industrial 
production is also weakly positively correlated 
with rbl and rb2. This is natural, because real 
balances are a normal good, and hence the 
demand for real balances-increases with income. 
This is also consistent with an anticyclical price 
level. Nominal time deposits were negatively 
correlated with one period and more leading 
values of the fluctuation in secondary sector 
output, whereas the correlation of time deposits 
with leading GDP values were negligible at leads 
1 to 4. Demand deposits were found to have 
negligible correlations as well. The correlations 
were as follows: correlation of HPM with one 
lagged value of GDP was 0.009, that for time 
deposits was 0.10, for demand deposits it was 
-0.21, for Curr too, it was -0.202. For M, as a 
whole, correlation with one lagged value of GDP 
fluctuation was -0.13. Real balances too showed 

negligible correlations, rb 1 being -0.03, while rb2 
being 0.089. More or less a similar pattern was 
found for one lagged value of secondary sector 
output. The correlation of HPM was 0.14, that for 
time deposits was -0.39, for demand deposits it 
was 0.21, (positive but rather small), for currency 
with the public it was 0.033. For M,, the corre- 
lation was -0.19. 

IV 
CONCLUSION 

These are the broad features of business fluc- 
tuations in India between 1951 and 1985. The 
price level is broadly anticyclical. Nominal 
monetary magnitudes are anticyclical, but real 
balances are procyclical. Consumption is pro- 
cyclical and almost as variable as GDP fluctua- 
tions. These findings are also supported by 
international studies as has been pointed out in 
the text. Apart from these, many other results that 
serve to throw some light on the cyclical beha- 
viour of the Indian economy over a wide spectrum 
of activities have been reported. Unfortunately, 
the number of turning points in the GDP cycle are 
too few to enable us to isolate leading and lagging 
indicators. Such an exercise would naturally have 
been valuable. However, in the absence of time 
series of sufficient length, that project does not 
look feasible as things stand. In spite of this, the 
stylized facts reported in this paper should serve 
as guidelines for forming dynamic economy wide 
general equilibrium models, which when simu- 
lated, will have to replicate these stylized facts. 
In the future, we hope to add more time series to 
the existing 64 that we have employed. Also, an 
establishment of leading and lagging comove- 
ments and an identification of those comove- 
ments which Indian data share with developing 
andlor developed countries will also be valuable. 
Our ultimate aim is to replace the current struc- 
tural modelling of the business cycle that is 
prevalent in India by small analogue economy 
dynamic general equilibrium models that will be 
able to reproduce the above mentioned stylized 
facts when simulated. 



JOURNAL OF INDIAN SCHOOL OF POLITlCAL ECONOMY OCT-DEC. 1994 

Variable N MEAN Standard Deviation Variance Variance, 
Name Relative to GDP 

GDP 
PRISEC 
AGRI 
FOREST 
FISHING 
MINING 
SECOND 
MFG 
REGIS 
UREGIS 
CONSTR 
ELEC 
TERT 
TRANS 1 
TRANS2 
RAIL 
TRANS3 , 
COMMl 
TRAnE 
FINANCE 
,BANK 
REAL 
COMM2. 
PUBAD 
O W R  
lNCOME 
GNP 
CONSUM 
GDPD 
APC 
NDCP 
HPM 
WPI 
'I'D 
CURR 
DEPMON 
M3 
RB 1 
RATIO 
RB2 
BUDGET 
NONADP 
MACHINE 
CONSTRC 
CHANGE 

Manufacturing Sector 
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GDP 
PRISEC 
AGRI 
FOREST 
FISHING 
MINING 

SECOND 

MFG 

REGIS 

UREGIS 

CONSTR 

ELEC 

TERT 

RAIL 

TRADE 

FINANCE 

BANK 

REAL 
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TABLE 2. (CONTD.) 

COMM2 

PUBAD 

OTHER 

INCOME 

GNP 

CONSUM 

GDPD 

APC 

NDCF 

HPM 

(Contd.) 
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TABLE 2. (CONTD.) 

WPI -0.38500 
0.15989 

-0.213 14 
-0.14788 
-0.8321 8 
0.15039 
0.80501E-02 

-0.19329 
-0.43840 
-0.36366 
0.93539E-01 
0.19047 
0.43383 

-0.16317E-01 
CURR -0.3467OE-01 

-0.27014E-01 
0.22455 

-0.21866 
0.39214 

DEPMON 0.65928E-01 
-0.151 10 
0.10027 

0.39153 
0.32309 
0.19556 
0.25620 

-0.355 1 1 
0.14039 
0.18099 
0.85415 
0.7 127OE-01 
0.18017 
0.1 1498E-01 

RATIO 0.16558 
0.50266 
0.43623 
0.45798 
0.34783 

-0.476 10 
0.47176 

-0.5141413-01 
0.30442 

-0.3829 1 
0.863 13E-01 
0.21214 
0.75823 
0.24900 
0.21843 

-0.75884E-01 
--- 

(Contd.) 
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TABLE 2 (CONTD.) 

BUDGET -0.24929 
-0.37562 
-0.12153 

NONADP -0.36748 
0.16607 
-!I. 19464 
-0.21813 
-0.79223 
0.48559E-01 

- - - . . - - 
-0.27839E-02 

CONSTRC -0.69588E-01 

CHANGE -0.12445 
-0.25'271 
-0.28618 

GEN 

MINE 
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ELEC 

MFG 

FOOD 

BEV 

TEXT 

COTT 

(Contd.) 
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JUTE 

FOOT 

PAP 

RUBB 

CHEM 

PETRO 
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NONMET 0.42201 
0.90527E-01 
0.24692 

BASMET 

NOELEC 

TRANS 
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GDP 
MINPNG 
CONSTR 
RAIL 
BANK 
INCOME 
NDCF 
DEPMON 
BUDGET 
G m  
BEV 
PAP 
IBASMET 

TABLE 2 (CONCLD.) 

PRISEC 
SECOND 
ELEC 
TRANS3 
REAL 
GNP 
HPM 
M3 
NONADP 
MINE 
TEXT 
RUBB 
IME'IPRO 

AGRI FOREST FISHING 
MFG REGIS UREGIS 
TERT TRANS1 TRANS2 
COMMl TRADE FINANCE 
COMM2 PUB AD OTHER 
CONSUM 
WPI - 
MACHINE 
ELEC 
COTT 
CHEM 
LNOELEC 

GDPD 
TD 
RATIO 
CONSTRC 
MFG 
JUTE 
PETRO 
ITRANS 

AF'C 
CURR 
RBI 
CHANGE 
FOOD 
FOOT 
NONMET 

Series 1 to 27 refer to Gross Domestic Product at Factor Cost (at constant prices 1970-71 = 100). The data are annual. 

1) GDP = Gross domestic product at factor cost. 
2) PRISEC = Primary sector output. 
3) AGRI = Agricultural output. 
4) FOREST = Forestry and logging output. 
5) RSHLNG = Fishing output. 
6) Mining =Mining and quanying output. 
7) SECOND = Secondary sector output. 
8) MFG =Manufacturing output. 
9) REGIS =Registered manufacturing output. 
10) UREGIS = Unregistered manufacturing output. 
11) CONSTR = Construction output. 
12) ELEC =Electricity, gas and water supply output. 
13) TERT = Tertiary sector output. 
14) TRANS1 = Transport, communication and trade output. 
15) TRANS2 = Transport, storage and communication output. 
16) RAIL =Railways output. 
17) TRANS') =Transport by other means and storage output. 
18) COMMl = Communication output. 
19) TRADE = Trade, hotels and restaurants output. 
20) FINANCE = F i n c e  and real estate output. 
21) BANK = Banking and insurance output. 
22) REAL =Real estate, ownership of dwellings and business services. 
23) COMM2 =Community and personal services output. 
24) PUBAD = Public administration and defence output. 
25) OTHER = Other services output. 
26) INCOME = Net factor incomes from abroad. 
27) GNP = Gross NationalProduct. 
28) CONSUM = Real domestic private final consumption expenditure (at constant 1970-71 = 100 prices). 
29) NDCF = Net domestic capital formation (at constant 1970-71 = 100 prices). 
30) WPI = Wholesale price index (1970-71 = 100). 
31) GDPD =Gross Domestic Product deflator (Nominal GDP at factor cost divided by 1). 
32) NONAD = Index of non-administered prices (1970-71 = 100). 
33) HPM = High powered money. 
34) 'I'D = Time deposits with banks. 
35) CP (or CUXR) = Currency with the public. 
36) DEPMON (or deposit money) = Demand deposits with banks. 
37) M3 = M3 
38) RB (or RBI) =Real balances defined as M, divided by the wholesale price index. 
39) RB2 = Real balances defined as M3 divided by Gross Domestic Product Deflator. 
40) RATIO = Ratio of 9 and 10. 
41) APC = Average propensity to ccmsume (28 divided by real personal disposable income). 



VOL. 6 NO. 4 HISTORICAL BEHAVIOUR OF THE BUSINESS CYCLJ? IN INDIA 

Series 42 to 60 refer to the Index of industrial production (1980-81 = 100) and its subcomponents at a 2 1 digit level of 
classification. 

42) GEN = General Index of Industrial Production (C~de) .  
43) MLNE =Index of mining and quanying. 
44) ELEC =Index of electricity output. 
45) MFG = Index of manufacturing (total). 
46) FOOD =Index of manufacture of food products. 
47) BEV = Index of manufacture of beverages and tobacco. 
48) TEXT =Index of manufacture of textile products n.e.c. 
49) COTT = Index of manufacture of cotton textiles. 
50 JUTE = Index of manufacture of 'ute, hemp and mesta textiles. 
51{ FOOT =Index of manufacture oifoohvear, leather and leather products. 
52) PAP = Index of manufacture of paper and paper products. 
53) RUBB =Index of manufacture of tubber plastic, petroleum and coal products. 
54) CHEM =Index of manufacture of chemical and chemical products. 
55) PE'IRO = Index of petroleum and crude. 
56) NONMET = Index of manufacture of non metallic mineral products. 
57) BASMET =Index of output of basic metal and alloy industries. 
58) METPRO = hdex of manufacture of metal products except machinery. 
59) NONELEC = Index of manufacture of machinery except electrical machinery. 
60) TRANS = Index of manufacture of transpozt equipment. 
61) BUDGET =Real annual budget deficits (defined as central government revenues exoenditures divided bv the GDP - - 

deflator). 
62) MACHINE = Machinery component of NDCF. 
63) CHANGE = Change in stocks component of NDCF. 
64) CONSTRC = Construction component of NDCF. 

Source for all data: India Database: The Economy, vols. 1 and 2 by H.L. Chandhok and the Policy Research Group, New 
Delhi, 1990. 

Hodrick-Prescott Filter. 

Suppose we have observations y, ......y, on anon-stationary 
time series {y,) (Assume for simplicity that the non - sta- 
timarity arises from the trend). Consider the problem of 
decomposing this time series into a growth component (g,) 
and a cyclical component (q) in such a way that 

Hodrick and Prescott (1980) propose to approximate (y,) 
by a smooth curve. They constrain the smoothness of the 
growth component by setting the sum of the squares of its 
second differences to be less than some finite number. 
Obviously, smaller the number, lower is the possible vari- 
ability that can be attributed to the trend. Consider the 
following constrained least squares problem: 

min t ( c J  +*%& -d-(&-&-I)]' 
l=l 1-2 

The first part measures the fit of the curve. Obviously, it is 
minimised for y, = g,. The second term measures the 
smoothness of the series. It becomes zero when change in g, 
is constant for all periods. Hence, the expressionis minimised 
when g, is linear. There is a tradeoff between t the first and 
the second terms in expression 2 and one must choose what 
weight to give to each. That jobis done by an adequate choice 

of 'h.. 1L = 0 sets all the weight to the trend and gives a trend 
that always eqnals the actual series, with the cyclical c a -  
ponent being zero throughou~ On the other hand, A, near to 
infinity would result in a linear trend. X must be set a apriori. 
We have used 'h. = 400. The algorithm for doing the calcula- 
tions is given in Danthine and Girardine (1 989). A rather low 
value was chosen for h so that adequate allowance is made 
for the variability of the trend that time series of developing 
countries like India are likely to exhibit. 
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DOCUMENTATION 

The purpose af this section is to make available to the 
readers official documents such as reports of commit- 
tees, commissions, working groups, task forces, etc., 
appointed by various ministries, departments, and 
agencies of central and state governments which are not 
readily accessible either because they are old, or because 
of the usual problems of acquiring governmental pub- 
lications, or because they were printed but not published, 
or because they were not printed and remained in 
mimeographed form. It will be difficult and probably 
not worthwhile to publish the documents entirely. We 
shall palish only such parts of them as we think will 
interest our readers. The readers are requested to send 
their suggestions regarding official documents or parts 
thereof for inclusion in this section. 

In the present section we publish: 

1. Report of the Indian Irrigation Commission, 
1901-03, Part I-General. 

2. Royal Commission on Agriculture in India Report, 
1928, Chapter 8. 



REPORT OF THE INDIAN IRRIGATION COMMISSION 1901-1903 
PART I - GENERAL 

CHAPTER I 
PRELIMINARY SURVEY 

SBCTION I - CONDITIONS APlWXINO THE USE 
AND VALUE OFIRRIGATION I N  INDIA 

1 .  Introductory - The vast extent of area 
embraced by our inquiries and the extreme 
diversity of local conditions preclude us fiom 
attempting, in this preliminary survey, more than 
a general description of the conditions which have 
led to the practice of irrigation in India from time 
immemorial. The actual utility of irrigation, or, 
as it is defined in the first of our terms of reference, 
its effect in increasing the produce of the land and 
in securing it against failure of the rainfall, must 
be left for subsequent consideration. We shall 
refer to i t  when we come to deal more in detail 
with the circumstances of each province or tract, 
and to consider the expenditure which may rea- 
sonably be incurred by the State on the con- 
struction of irrigation works as a protection 
against drought. 

2. The main factors determining the use and 
value of irrigation in any part of India, whether 
from a purely productive or from a famine- 
protective point of view, are the rainfall, the soil, 
and the classes of crops suited to the soil, climate, 
and other local conditions. The rainfall may be 
so abundant and assured as to render irrigation 
superfluous, and even injurious; or, though 
ordinarily sufficient, it may be so liable to peri- 
odical failure or unseasonable incidence as to call 
for irrigation as a protection against its 
uncertainty; or it may in all years be so scanty as 
tomake cultivation impossible without irrigation. 
The soil may be so inferior that the increased yield 
due to irrigation would not repay the cost of 
providing it; or it may be so retentive of moisture 
as to render artificial waterings unnecessary 
except in the driest year. The crop best suited to 
the locality and to the means of the cultivator may 
be rice, which in general benefits by a plentiful 
application of water, however heavy the rainfall; 
or it may be sugarcane or a garden crop, which in 
but few parts of India can be grown without 
irrigation; or wheat, which, in the absence of 
winter rains, requires as a rule at least three or 

four waterings to ensure a full crop. On the other 
hand, it may be barley or gram, which only require 
irrigation in a dry year; or cotton, which, over the 
greater part of India, is rarely irrigated even in a 
year of drought. 

3. The rair$all of India - The rainfall is not only 
a main factor in determining the value of irriga- 
tion, it is in itself the primary source of all means 
of supplying it. It is essential, therefore, that at 
the outset of our report we should describe, 
however briefly, the chief characteristics of the 
rainfall of India - its unequal distribution 
throughout the seasons, its still more irregular 
distribution over the surface of the country, and 
its liability to failure or serious deficiency. It will 
suffice to state the facts as we find them, avoiding 
as  far as possible all reference to causes and 
influencing conditions. 

4. Seasonal distribution -By far the greater part 
of the rainfall is received between June and 
October, the period of the south-west monsoon. 
This is the chief season of rain over most of the 
peninsula, and over almost the whole of which is 
known as Northern India - the area between the 
Himalayas and the Vindhyas, containing the great 
alluvial plains of the Ganges and Indus rivers. 
Over a great part of the western half of Peninsular 
India, including nearly the whole of the Bombay 
Presidency, the rainfall is practically confined to 
this season. 

5. In the south-eastern portion of the peninsula 
the season of heaviest rainfall is from October to 
December, the period of the north-east monsoon. 
In most years, the Central Provinces, Berar and 
Hyderabad, also receive during this season some 
showers of rain, which, though usually small in 
amount, are of great agricultural value, especially 
to the wheat-growing districts. 
6. The latter part of the winter and earlier spring 

months are the season of the winter rainfall of 
Northern India. The extreme north-westem dis- 
tricts receiveat this period about half their average 
rainfall; and on all the outer ranges of the 
Himalayas, in the submontane districts, on the 
plains of the Punjab, and over the north-westem 
districts of the United Provinces, rain, sometimes 
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heavy, occurs during these months. It extends, from the summits of the Western Ghats; leaving 
though somewhat less frequently and much less a long strip of varying width, extending from 
heavily, over the remainder of the United Prov- Kotah in Rajputana to Cape Comorin in the 
inces, occasionally reaching Bengal and the extreme south of the peninsula, in which the 
northern provinces of the peninsula. rainfall is both scanty and precarious. They show 

7. During the hot weather, from March to May also the less rapid, but still steady, decline in the 
or June, thunderstorms are frequent in Bengal, rainfall of North-Western India, from the 40-inch 
and in and near the hills of Northern India; while rainfall line which passes through the western 
to Southern India also, at this season, the 'mango districtsof theUnitedProvinces, to the 5-inch line 
showers' give a few inches of rain. But the which traverses the State of Bahawalpur. 
Bombay Presidency and the plains of North- 11. Variabilify of the raifall - The average 
Western India receive practically no rain during rainfall over the whole of India, excluding the 
these months. Himalayas and Burma, has been computed at 42 

8. Geographical distribution - The general inches in the year; that is to say, "such would be 
distribution of the annual rainfall is shown on the the depth of the sheet of water, if the whole 
map of India which accompanies this report [not quantity that falls on this area were equally 
given here]. One of the zones of heaviest rainfall distributed over its whole surface instead of being 
lies naturally along the western coast of the main concentrated in certain provinces to the great 
peninsula, where the monsoon striking the deprivation of others." Considering in this way 
Western Ghats precipitates on their outer slopes the country as a whole, the rainfall may be said 
an average rainfall of 100 to 250 inches. A second to vary but little from year to year, the greatest 
zone of heavy rainfall extends along the outer known variation amounting to under 7 inches in 
ranges of the Himalayas, widening out south of excess or defect of the general average of 42 
Sikkim toinclude Eastern andLower Bengal, and inches. But if separate tracts are considered, it is 
Assam where, at Cherapunji i n  the Khasi hills, the found that in many parts of India the rainfall is 
annual recorded rainfall averages 461 inches. liable to very great variations, which increase as 

9. From the Bay of Bengal to the western the area of the tract is diminished, and become 
boundary of Bhopal in Central India, and from still more marked in  the caseof individual rainfall 
the Himalayas in the'north to the Godavari in the stations. 
south, stretches a wide tract of moderately high 12. Liability to deficiency -The degree to which 
rainfall (40 to 70 inches). From Benares an the rainfall of any year is liable to be so seriously 
offshoot runs up to the north-west through the in defect as to cause injury to the crops may be 
Himalayan submontane districts nearly to the greater in one tract than in another with a very 
Indus river. In the south of the peninsula there similar average rainfall; but, speaking generally, 
are also two narrow strips with rainfalls of over it may be said that the lower the rainfall the greater 
40 inches: one on the east coast, from the north its liability to serious deficiency from the average. 
of Madras to the south of Tanjore; the other lying Where, however, the annual rainfall is below 10 
along the eastern side of the Western Ghats, and or 12 inches, cultivation becomes practically 
extending northwards as far as Baroda. The impossible without irrigation. In parts of such 
remainder of India, excepting a small portion of tracts which are devoted to pasturing cattle, high 
Kathiawar, has a rainfall below 40 inches. prices or the drying up of natural grasses may lead 

10. Tracts with low average raidall - The blue to distress and famine, but famine from failure of 
lines upon the map show clearly the rapidity with cropsneednotbeapprehended.0n theother hand, 
which therainfalldecreases, fromover looinches in Eastern Bengal and Assam, and in the narrow 
to under 25 inches, as the clouds drift eastward strip between the Western Ghats and the Arabian 
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Sea, the rainfall, which exceeds 70 inches, has 
always been so abundant that the chance of its 
serious failure may be regarded as extremely 
remote. Between these areas, in which the crops 
are thus rendered safe by exclusive reliance on 
imgation or by an assured and abundant rainfall, 
lies a vast tract of nearly a million square miles, 
of which, in the absence of irrigation, no portion 
can be deemed absolutely secure against the 
uncertainties of the seasons and the scourge of 
famine. 

13. Within this tract the annual rainfall is liable 
to extraordinary variations. At many recording 
stations annual rainfalls of less than half the 
average are not uncommon; while at some, less 
than one-fourth the normal amount has been 
recorded in a year of severe drought. On the other 
hand, at many stations liable to these serious 
deficiencies the amount received in the year may 
equal and even exceed twice the normal. Some 
parts of the country, in fact, suffer as often, if not 
so severely, from excessive as from deficient 
rainfall. This is a condition which will not be 
overlooked when we come to discuss the value of 
irrigation in certain localities; but we are now 
considering only the liability of the various por- 
tions of this large area to receive a rainfall 
seriously in defect of the normal. A rainfall 
considerably below the average will no doubt, if 
favourably distributed, often produce a fair crop, 
while even an abundant rainfall may, if  it is 
unfavourably distributed, lead to scarcity or 
famine. Tracts, again, in which the suffering from 
famine has at times been most intense, are not 
necessarily those in which the rainfall is most 
liable to periodical defect. On the contrary, the 
effects of drought when i t  does come are felt most 
in tracts like Gujarat, Malwa, and part of the 
CentralProvinces, which owing to the sufficiency 
of the rainfall over a long series of years have 
come to be regarded as immune, and where the 
protection of the country by irrigation has in 
consequence been neglected. The quality of the 

soil, the classes of crops cultivated, and the 
character and resources of the people are also 
factors which greatly modify the effects of a 
deficiency of the rainfall. But, as a general rule, 
tracts in which the rainfall is most liable to be in 
considerable defect from the average are those in 
which famines are most frequent, and the injuries 
from drought, in the aggregate, greatest. The 
frequencyltherefore, with which the rainfall in 
any tract falls seriously below the normal may be 
taken as the best general index of its need for 
protection by means of irrigation works. 

14. The degree of least defect from the average 
which would, as a rule, cause injury to the crops 
is not easy to determine even for a given locality, 
and it is still more difficult to fix any general rule; 
but, for comparative purposes at least, it will be 
sufficiently correct to say that a deficiency of 25 
per cent would be likely to cause some injury, and 
that a deficiency of 40 per cent would generally 
cause serious injury. The former we may call a 
dry year, and the latter a year of severe drought. 
A deficiency of 40 per cent on a rainfall of 45 
inches would no doubt still leave a rainfall of 27 
inches, while the same deficiency on a rainfall of 
25 inches would leave only 15; but in the former 
case rice would almost invariably be the pre- 
vailing crop, and for it at least twice as much rain 
is required as for an ordinary crop of cotton or 
millet. Indeed there are some exceptional tracts, 
such as parts of Gujarat, in which a rainfall of 15 
inches, or less than half the normal, has been 
found sufficient to give a fair crop when its 
incidence was seasonable. 

15. From the records of a number of rainfall 
stations which have been supplied to us by the 
Meteorological Department, extending back for 
periods varying from twenty-five years to fifty 
years, we find that the average frequency of the 
occurrence of dry years and of years of severe 
drought at stations in different localities varies as 
shown below:- 
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Locality or tract Number of Dry Years or Locality or tract Number of Dry Years or 
Years of Severe Drought Years of Severe Drought 

Average that may be expected in Average that may be expected in 
annual rain- 50 years annual rain- 50 vears 

fall 
Inches Dry years, Years of 

includin severe. 
years o f  drought 
severe 

fall 
Inches Dry years, Years of 

includi severe 
years 2 drought 
severe 

drought drought 
NORTHERN INDIA PENINSULAR INDIA 

Orissa 59  5 0 Central Provinces, East 55 6 0 
Chota Nagpur 54  4 1 Satara, Belnaum, Dhar- 42 4 1 - - - .  

war 
Central Bengal 5 6  6 1 Central Provinces, West 47 7 2 

and Central 
Bihar 48 10 3 Madras, South and Cen- 3 1 7 2 

tral 
United Rovinces, Sub- 45 10 . 3  Mysore 34 9 3 
montane 
United Provinces, East 41  10 3 Madras, North Coast 42  10 3 
Punjab, Submontane 33 10 4 Berar 35 10 3 
British Bundelkhand 36  10 5 East Coast, Central 33 9 4 
United Rovmnces, West 2 9  10 5 Gujarat 44 10 4 
United Provinces, Cen- 37 12 5 Hyderabad, North 35 11 5 
tral 
Punjab, South-East 23 13 5 Sholapur, Bijapur and 26  11 6 

Ahmadnagar 
Punjab, Central 23 13 6 Madras Deccan 25 13 7 
Ajmer-Merwara 2 0  11 6 Hyderabad, South-East 26 11 8 
Punjab, West 10 14 9 

16. Soils - The varieties of soils to be found 
throughout India are innumerable, but, with the 
exception of one important class, the cultivated 
soils are generally suitable for irrigation. It will 
be sufficient to recognize the broad distinctions 
between the main varieties characteristic of the 
principal geological divisions - the alluvial, the 
Deccan trap, and the crystalline and sandstone 
formations. 
17. The alluvial tract - The alluvial formation 
covers the greater part of Northern India, from the 
foot of the Himalayas to the northern slopes of 
the Vindhyas, and extends in a narrow fringe 
round the coast line of the peninsula, increasing 
in width at the deltas of the great rivers which 
flow down from the Western Ghats or the table 
land of Central India. It occupies the greater parts 
of Sind, the Punjab, the United Provinces, and 
Bengal, and of the Godavari, Kistna, and Tanjore 
districts of Madras. The substrata consist usually 
of alternate layers of sand and clay, but some- 
times, especially in Bengal, the sand beneath the 
upper layer of loam is of unknown depth. The 
surface shows every variety of soil, from the 
blown sands of the western deserts, to the rich 
foam and stiff clay of the Ganges Valley, or the 
fertile black loam of the Kistna and Godavari 

deltas. But the prevailing soil is a yellow or 
red-brown loam which, in general, takes water 
freely and yields a largely increased outturn under 
irrigation. 

18. There are, however, in the Punjab and 
United Provinces, numerous irregularly distrib- 
uted tracts which have been rendered worthless 
for cultivation by the soil containing an excess of 
soluble salts - sulphates and carbonates of soda. 
Under conditions favourable to evaporation the 
salts accumulate on the surface, covering it with 
a white efflorescence locally known as reh or 
kallar. Irrigation, if water is applied too freely in 
the neighbourhood of such tracts, leads to an 
increase of the efflorescence; but i t  has not been 
found to increase materially the extent of its area. 

19. The Deccan trap - The Deccan trap for- 
mation covers an area of about 200,000 square 
miles in the north-western part of Peninsular 
India. It comprises almost the whole of the 
Bombay Presidency (including Kathiawar), the 
whole of Berar, the western third of the Central 
Provinces, and half of Hyderabad and Central 
India, Within the rgnges of the Western Ghats 
and Satpuras, numerous varieties of soils are to 
be found, varying from the light sandy or gravelly 
soils of the ridges, to the rich yellow or red loams 
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of the inner valleys of the hills. Elsewhere in this 
wide tract, black cotton soil prevails. It is so called 
from its colour and from its suitability to the 
cultivation of cotton. It varies considerably in 
colour, consistency, and fertility, but all varieties 
are highly retentive of moisture. When dried by 
the heat of the sun, the soil contracts to an unusual 
extent, seaming the surface of the country with 
cracks to a depth of several feet; and in this 
condition the most fertile varieties crumble into 
small and friable fragments. To the black cotton 
soils generally, irrigation is not suited. But to 
many crops it can be applied freely and with profit 
to thecultivator, when the soilisnotofgreat depth 
and where the substratum affords good natural 
drainage; even in the deeper soils rice can be 
irrigated with advantage; and, under all condi- 
tions of depth and sub-soil, irrigation is useful in 
affording the means of sowing a crop in a year of 
drought. 

20. Black cotton soils are also to be found 
outside the area of the Deccan trap, generally in 
the valleys of streams and rivers. In such cases 
the soils are invariably alluvial and closely 
resemble, though they may not be identical with, 
the deposits similarly formed within the trap area. 
As a rule,owing to the greater depth of the subsoil 
and to is overlying an impervious substratum, 
these soils are less suited to irrigation than the 
'sedentary' deposits, or soils formed i n  situ in the 
trap area. The chief districts outside the trap 
formation in which black cotton soils predomi- 
nate are Bellary, Kurnool, and Cuddapah, in 
Madras; Surat and Broach,in Bombay;and Jalaun 
and Banda, in the United Provinces. 
21. The crystalline tract - The crystalline and 
sandstone formations occupy the whole of Pen- 
insular India outside the area of the Deccan trap 
and the narrow strip of coast alluvium. Their area 
comprises almost the whole of the Madras Pres- 
idency; the State of Mysore; half of Hyderabad; 
two-thirds of the Central Provinces; with the 
Bengal Divisions of Orissa and Chota Nagpur. 
Northwards it extends into and includes the whole 
or the greater part of the Sonthal Parganas and 
Birbhum districts of Bengal, the Mirzapur, 
Jhansi, and Hamirpur districts of the United 
Provinces, the Baghelkhand States of Central 
India, and the eastern half of Rajputana. The 

prevailing soils vary from a dark red loam in the 
bottoms, to the light sandy or stony soils of the 
arid uplands which produce the poorest of crops. 
The better classes of soils in this formation repay 
the cost of inigation even more abundantly than 
the yellow loam of the alluvial tract of Northern 
India. 

22. The principal crops - The crops may be 
divided broadly into two classes: the autumn 
crops, sown in the spring or summer and har- 
vested in the autumn; and the spring crops, sown 
in the autumn and harvested in the spring. These 
are known throughout the greaterpart of India as 
the kharif and rabi crops. In Madras, however, 
they are called first and second crops. Both in 
Northern and Southern India the autumn crops are 
mainly millets, pulses, and rice. The principal 
spring crops are, inNorthern India, wheat, barley, 
linseed and gram; and in Southern India, millets, 
rice, jute, and gingelly. The wheat area may be 
divided roughly from the spring millets and spring 
rice area by a line drawn from Bombay round the 
southern extremity of the Central Provinces and 
through the Patna district in Bihar. 

23. The crops which are mainly or in a great 
measure dependent upon imgation toensure a full 
outturn in an average year are rice, wheat, and 
barley; sugarcane and garden crops; and indigo, 
where it is grown as an autumn crop. Cotton, 
when grown in black soil, and some of the staple 
kharifmillets are said to receive but little benefit 
from irrigation even in a d r y  year. 

SECTION U -NATURAL FACILITIES FOR IRRIGATION 

24. The alluvial tract - Each of the three great 
soil divisions referred to in the previous section 
is characterized by special facilities, or by its lack 
of facilities, for irrigation. The level surface of 
the alluvial plains admitsof their absorbingalarge 
percentage of the rainfall; and except in the 
deserts of the Punjab and Rajputana the subsoil 
water is generally close enough to the surface to 
place the cost of lifting it within the means of the 
cultivator. In many parts of the Eastern Gangetic 
Valley, the subsoil consists as we have said of 
sand to an unknown depth, but elsewhere the 
substrata are usually suitable for the construction 
of wells. 

25. These plains, again, are traversed by all the 
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great perennial rivers whose sources lie in the 
snows and glaciers of the Himalayas or under the 
assured and abundant rainfall of the Western 
Ghats; while the level surface of the country 
presents no serious obstacle to distributing the 
river-waters over the length and breadth of the 
land. So marked are these facilities for the 
construction of canals compared with those 
elsewhere, that within the alluvial tract are to be 
found all the great canal systems of India. 

26. But the flatness of the surface, which lends 
itself so readily to the construction of canals, is 
an obvious obstacle to the construction of reser- 
voirs for the storage of water. Thus, within this 
large tract there is practically no irrigation from 
artificial tanks, except in some of the rice districts 
of Bengal where the slightly undulating surface 
of the country admits of water being stored in 
shallow tanks to tide the crop over a break in the 
rains. In parts, however, of the United Provinces, 
irrigation is extensively practised from water 
stored in natural depressions. 
27. The crystalline tract - This tract is traversed 
by all the great rivers which rise in the Western 
Ghats, but, for the most part, their channels are 
too deep and their gradients too small to admit of 
their being utilized for irrigation outside of their 
nmow valleys. Evcn when the water can be 
raised to the level required for commanding the 
country, the broken and uneven surface renders it 
impossible to construct, at a practicable cost, 
systems of canals at all comparable in size to the 
great canals of the alluvial tract. 
28. On the central table-land, the rainfall is 
generally too scanty, and the drainage too rapid, 
for the accumulation of an abundant supply of 
water in the subsoil. There is no permanent 
underground flow as in Northern India, and the 
supply being usually dependent on mere local 
percolation, the wells have tobe of large diameter. 
Their large size and the rocky nature of the 
substratum render their construction more 
expensive than in the alluvial tract. 

29. With the waters of its large rivers generally 
unavailable, and with its wells at the best 
affording a costly means of irrigation and one 

unsuited to rice, the principal irrigated crop, this 
tract has to depend for its protection mainly upon 
storage of the local rainfall. For this fortunately 
the broken and undulating nature of the surface 
affords good facilities; and the numerous tanks 
which stud the surface of the country, and collect 
the rainfall from a large portion of its area, are the 
chief characteristic of the crystalline and sand- 
stone formations. 

30. The Deccan trap - Within the area covered 
by the Deccan trap formation, the general con- 
figuration of the country is somewhat similar to 
that of the crystalline tract, but it is even more 
broken by numerous hills and ranges of hills. The 
Nerbudda and Tapti rivers have their sources 
within this tract, and leave it only as they approach 
the sea. The Godavari traverses it in the first four 
hundred, and the Kistna in the first two hundred 
miles of its course. The moisture retaining 
properties of the soil and the impervious nature 
of the subsoil cause the local streams to be of a 
more perennial nature than those in the crystalline 
and alluvial tracts; but they also prevent the free 
flow of surface water into the subsoil. Thus, 
except in some favoured localities the wells are 
deeper and yield a less copious supply than those 
of the other two tracts,'while the numerous cracks 
which form as the soil contracts in the heat of the 
sun necessitate a frequent or a very copious 
application of water to an irrigated crop. On the 
other hand, the soil retains sufficient moisture in 
all ordinary years to bring the staple crops to 
maturity without aid from irrigation. In this tract, 
therefore, there are comparatively few irrigation 
works of any kind, and irrigation is confined for 
the most part to the more valuable crops. 

3 1 .  Comparative extent of irrigation in the three 
tracts - These differences in the facilities for 
irrigation in the three tracts have led naturally to 
corresponding differences in the relative areas 
protected by the various means of imgation. This 
is clearly exhibited in the following tabular 
statement. The figures given are for areas for 
which there are fairly reliable statistics, including 
Native States:- 
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Division or tract Area annually Percentage of cropped area irrigated from 
cropped 

Thousands of Canals Tanks Wells Other Total 
acres sources 

Alluvial 135,000 12.4 1 .I? 7.3 3.6 25.1 
Crystalline 100,000 1.5 7.3 4.2 2.5 15.5 
Deccan trap 58,000 0.2 0.3 2.4 0.3 3.2 

Total 293,000 6.3 3.3 5.3 2.6 17.5 

32. Evidently the alluvial tract is, as we have 
stated, specially favoured by the facilities for 
canalsand wells, for in itlieall butan insignificant 
portion of the canal area, and about two-thirds of 
the well area. On the other hand, thereis but little 
tank irrigation, the small area shown under that 
source being watered chiefly from natural 
depressions. The crystalline tract contains nearly 
all the irrigation from artificial tanks. It has 
practically no canal irrigation, and much less well 
irrigation than the alluvial tract. In the trap area, 
where, speaking generally, irrigation is least 
required and most difficult to provide, there are 
practically no canals or tanks, and the area 
watered by wells is inconsiderable. 

SECTIONIU - DEVELBPMENT AND PRESENT 
EXTENT OF IRRIGATION IN INDIA 

33. Definition of irrigation works - The surplus 
rainfall becomes available for use in artificial 
irrigation when it accumulates or flows, either 
upon the surface or in the subsoil, at a level 
sufficiently high to admit of its being diverted or 
raised on to the land. But in all cases before this 
can be done certain works of construction are 
necessary. These are called works of irrigation, 
or, briefly, 'irrigation works.' Thus the term 
irrigation works includes works of many varieties 
and magnitudes, ranging from the rude contriv- 
ances which enable the cultivator by swinging a 
basket to raise water from a pond, to the huge 
embankment of earth or masonry holding behind 
it a lake of many square miles; or from the small 
temporary well, a mere hole in the ground lined 
with brushwood, to the great canal which, car- 
rying for some hundreds of miles a volume of 
water equal to that of a large sized river, delivers 
it into a network of smaller channels for the 
irrigation of over a million acres. 

34. Classes of irrigation works - The irrigation 
works of India may be divided into three main 

classes; canals, tanks, and wells. Under 'canals' 
are classed all works of any considerable size for 
diverting the waters of streams or rivers, and 
carrying them on to the land; under 'tanks,' all 
works for the storage of water, and all natural 
depressions of which the water is used for im- 
gation; and under 'wells,' works for giving access 
to the subterranean supply, or to the waters of 
rivers which, running deep below the general 
level of the ground, have to be lifted vertically 
before they can be made to flow on to the fields. 
Canals are of the 'perennial' or 'inundation' type 
according as they are designed to draw their 
supplies from the river at all seasons of the year, 
or only when it is in flood. In the former case it 
is almost always necessary to make a weir, 
temporaq or permanent, across the river so as to 
divert the water into the canal, and this is often 
one of the most expensive parts of the canal 
works. Inundation canals have no such weirs. 
Once cleared of silt they go on taking in water 
from the river until, at the close of the flood 
season, its surface falls below a certain level, and 
the canals then remain dry until the next flood 
season. 

35. Distinction between State andprivate works 
- In the case of large tanks or canals, works have 
to be made and subsequently maintained which 
are beyond both the means and management of 
individuals or village communities. Such works 
are therefore generally constructed and controlled 
by the State; and we have thus a second classifi- 
cation of irrigation works into 'State works' and 
'private works.' All works which have been 
constructed or which are maintained or partially 
maintained by the State, are classed as 'State 
works.' The irrigation from 'private works' is 
entered in the annual statistics of areas irrigated 
under the heads of canals, tanks, wells, and 'other 
sources;' the last including irrigation from rivers 
and streams, and from channels which are too 
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small to be classed as canals. The distinction 
between canals and the smaller channels is 
nowhere clearly defined, and the classification 
adopted varies from province to province and 
even from district to district. 

36. Early history of irrigation works in India - 
In the early records of the peoples of India, dating 
back to many centuries before the commence- 
ment of our era, there are frequent references to 
the practice of irrigation. Wells have been in use 
from time immemorial; most of the almost 
innumerable tanks of Southern India have been 
in existence for many generations - two in the 
Chingleput district of Madras, which still irrigate 
annually from two to four thousand acres, are 
referred to in inscriptions which are said to be of 
the 8th and 9th centuries of our era; the practice 
of drawing off the flood waters of the Indus and 
its tributaries by means of small inundation canals 
has been followed from a very early date; and in 
the submontane districts of Northern Indiaare still 
to be found the remains of ancient irrigating 
channels which have been buried for centuries in 
the undergrowth of the forests. But the numerous 
large works which now exist for utilizing the 
supplies of the larger rivers are of comparatively 
recent date; and little seems to have been done in 
this direction before the country came under 
British rule. The most notable exceptions are the 
'Grand Anicut' across the Coleroon river in 
Madras, some of the inundation canals on the 
Indus and its tributaries, and twocanals taking out 
of the Jumna river at a point where, passing 
through a gorge in the outer ranges of the 
Himalayas, it debouches on to the plains. 

37. To the 'Grand Anicut,' tradition assigns a 
period corresponding to the close of the second 
century, though it is probably of a much later date. 
This work is, so far as  is known, the greatest 
engineering work carried out in India before 
British rule began. It consisted of a solid mass of 
rough stones, over 1,000 feet in length, 40 to 60 
feet in breadth, and 15 to 18 feet in depth, 
stretching across the whole width of the Cauvery 
river. It fulfilled its purposes for some centuries, 
and in 1830 was still in operation, but the vagaries 
of the river had notbeen watched, and by that time 
the main stream had begun to flow down a 
northern channel known as the Coleroon, and the 

district of Tanjore had lost much of its former 
prosperity. 

38. Most of the existing inundation canals in the 
Muitan, Muzaffargarh, and Dera Ghazi Khan 
districts, were constructed by the former 
Muhammadan and Sikh rulers, and on many of 
these canals a high degree of efficiency was 
attained under the management of the great and 
energetic canal maker, Diwan Sawan Mal. 

39. A canal, known as the Hasli, was also 
constructed by the Sikh or Muhammadan rulers 
of the Punjab to carry water toLahore from a point 
on the Ravi river at a distance of 130 miles. When 
the Punjab came under British rule, the area 
irrigated by the canal was paying a revenue of 
eighty- five thousand rupees. Its gencral align- 
ment was fairly good, but in detail there had been 
so many errors that to rectify them would have 
cost more than making an entirely new channel. 
The Hasli has been replaced by the Bari Doab 
Canal, which has more than twenty times its 
carrying capacity, and is one of the most impor- 
tant irrigation works in India. 

40. Owing to the proximity of the Jumna to 
Delhi, the Muhammadan rulers of India turned 
their attention at an early period to utilizing the 
waters of that river for the irrigation of the higher 
lands on both banks. In the fourteenth century, 
Firoz Shah Tughlak constructed a canal taking 
water from the right or western bankof the Jumna, 
a distance of about 150 miles, to irrigate his 
favourite hunting grounds at Hissar. This canal, 
which had silted up, was repaired during Akbar's 
reign by the Governor of Delhi for the irrivation 
of lands in his private estate, but for want of 
repairs it again stopped flowing. About the',year 
1647 A.D., the canal was repaired under the 
direction of Ali Mardan Khan, the celebrated 
Engineer of Shah Jahan, and a new channel 
excavated to carry water into the city of Delhi. 
During the decline of the Mughal empire the canal 
again gradually silted up until it ceased to flow. 
The canal on the eastern bank of the Jumna was 
also constructed during the Mughal Dynasty, 
probably during the reign of Muhammad Shah 
(1718-1748); but it appears to have been very 
soon abandoned, if indeed it had ever been used 
for the carriage of water. In 1784 the work was 
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partially restored by a Rohilla Chief who succe- 
eded in bringing water to some short distance 
below Saharanpur, and there are traditions of 
serious injury having been caused thereby to the 
towns of Saharanpur and Behut. No masonry 
works of any kind were constructed in connection 
with the canal; and in their absence, owing to the 
excessive slope of the country, if any considerable 
volume of water had been allowed to enter the 
channel, it must have led in time to a fatal 
retrogression of bed-levels. 

4 1. Doubts have been expressed as to whether 
these works, in their former condition, ever irri- 
gated any considerable area.. or conferred much 
benefit upon the people. Be this as it may, it is 
certain that it was the existence of the 'Grand 
Anicut' in Madras, and the remains of the old 
Muhammadan channels in the Punjab and United 
Provinces, which suggested and led to the con- 
struction of the earliest works carried out under 
British rule. India, therefore, in a great measure 
owes to her former rulers the first inception of her 
present unrivalled systems of State irrigation 
works. The most efficient and uscful works which 
were constructed in former times are, however, 
the smaller works - tanks, weirs, and river- 
channels - which ate to be found scattered 
throughout the Peninsula, and in Upper Burma. 
They are most numerous in the Madras Pres- 
idency, where to this day they irrigate collectively 
an area equal to that irrigated by all the larger 
works which have beenconstructed by the British 
Govemment in that Presidency. 

42. Early development of State irrigation works 
under British rule - With the early history of the 
construction of imgation works by the British 
Govemment, two names must always be insep- 
arably associated. Those of Sir Arthur Cotton and 
Sir Proby Cautley - the former in Southern, and 
the latter in Northern India. In 1836, Sir Arthur 
Cotton constructed what is known as the 'Upper 
Anicut' across the Coleroon river, so as to 
maintain the level requircd for the full utilization 
of the ancient dam or 'Grand Anicut' across the 
Cauvery, which he also strengthened and 
restored. To this work carried out at a cost of 
about 15 lakhs, the district of Tanjore, which pays 

annually to the State a revenue of 58: lakhs, owes 

its present agricultural prosperity. Subsequently 
Sir Arthur Cotton designed the works which, 
constructed and improved at a cost of about three 
crores, irrigate more than two million acres in the 
Godavari and Kisma Deltas. It would be difficult 
to find in any country three works of similar 
magnitude or cost which have conferred the same 
degree of benefit upon the people and the State. 

43. In Northern India, at a still earlier date, 
during the administration of the Marquis of 
Hastings (1814-1823), the canal of Ali Mardan 
Khan, on the western bank of the Jumna, was 
restored, and the work of reconstructing the 
eastern canal was put in hand. Subsequently, in 
1837, Captain Cautley, an Artillery Officer 
quartered at Dehra, a town which from some time 
in the seventeenth century had been supplied with 
drinking water by means of a small canal from 
the Rispana river, was deputed to make an esti- 
mate of the cost of a small canal from the Tons, 
a tributary of the Jumna. Here, and subsequently 
on the Eastern Jumna Canal, Captain Cautley 
gained the knowledge and experience which he 
afterwards utilized to such wonderful effect in  the 
construction of the great Ganges Canal - a work 
which in magnitude and boldness of design has 
not been surpassed by any irrigation work in India 
or elsewhere. By the construction of this work 
was laid the foundation of the numerous large 
canal systems which now carry their waters so 
widely over the plains of North-Western India. 

44. Cultivated and irrigated areas - The present 
state of development of Government and private 
irrigation works will be described in subsequent 
chapters of this report. It will, however, be 
convenient to show here the total areas irrigated 
in the various provinces, and by works of all kinds. 
The area irrigated in each province is shown in 
the following statement, and is compared with the 
total area, the population, and area annually under 
crop. The areas sown and irrigated are gross 
areas; that is,areas which are twice sown, or twice 
irrigated, are included twice over. For Bengal, 
accurate stiitistics are not available, and the areas 
entered as sown and irrigated are based upon an 
estimate supplied by the Director of Agriculture:- 
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Area in square Population Average area Area ordinarily Percentage of 
miles annually sown irrigated irrigation on 

area sown 

Acres Acres 
Punjab 1 14,000 22,357,000 28,207,000 10,430,000 37.0 
Bombay 76,000 14,529,000 24,327,000 1,077,000 4.4 
Sind 47,000 3.21 1,000 3,323,000 2,923,000 88.0 
Madras 142,000 37,690,000 36,574,000 10,532,000 28.8 
Central Provinces 87,000 9,877,000 16,814,000 700,000 4.2 
Bengal 151,000 73,047,000 63,664,000 6,349,000 10.0 
United Provinces 1 Q7.000 47,692,000 41,086,090 1 1,055,000 26.9 
Upper Burma 87,000 3,846,000 4,666,000 8828,000 17.7 
Baluchistan 22.000 308,000 
Ajmer-Merwara 3,000 477,000 388,& 142,000 366 

5,000 

Berar 18,000 2,754,000 6,820,000 56,000 0.8 
Coorg 2,000 181,000 195,000 1 ,000 0.5 

Total 856,000 215,969,000 226,065,000 44,098,000 19.5 

45. The figures show that out of 226 million acres the supply available from tanks in all parts of 
annually under crop in the irrigating provinces of India, and there is a corresponding reduction in 
British India, in round numbers 44 million acres, the area irrigated by this class of works. Similarly 
or 19: per cent, are ordinarily irrigated. The areas in Southern, and in some parts of Northern India, - 
in the various provinces are, however, liable to a prolongexj drought greatly reduces the area 

considerable fluctuations. Thus in the United irrigated from wells. 
provinces, with a good monsoon followed by 46. Areas irrigated by State and private work  
good winter rain, the area irrigated by works of of all kinds - The following statement shows the 
all kinds may fall to under six and-a-half million areas irrigated by each class of works, both State 
acres; while in a dry year it rises to over twelve and private; and the percentage which the area 
millions. On the other hand, a drought reduces under each classbears to the whole irrigated area:- 

Class of work Area imeated bv each Percentage of total 
class'bf wo&s irrigated area 

State works Acres 
Canals 15,644,000 35.5 
Tanks 2,944,000 6.7 

Total 18,588,000 42.2 
Private works 

Canals 
Tanks 5;194~000 11.8 
Wells, 12,895,000 29.2 
Other sources 6,186,000 14.0 

Total 25,s 10,000 57.8 

Grand Total 44,098,000 100.0 

of the area ioigatd, 18!, million acres or from water held up in natural depressions and in 
shallow artificial tanks. 

42 per cent is watered by state works, and 25 a 47. Increase in irrigated area during the past 
25 years - In the statement given on page 86 of 

million acres or 58 per cent from private works. the Report of the Famine Commission of 
Of the latter rather more than one-half is from 1878-80, the area ordinarily irrigated in British 
wells. The area shown 'under other sources' of Territory in a favourable year is said to have 
private works includes a large area (5,000,000 amounted to 29,220,000 acres or 14.8 per cent of 
acres) irrigated in Bengal from private canals and the 'cultivated area.' It is not easy to understand 
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how the figures for some of the provinces were 
arrived at, and certainly in the case of the United 
Provinces the imgated a k a  appears to have been 
considerably overestimated. In those provinces, 
during the past 28 years, there has been an 

increase of 1 5 million acres in the areas irrigated 

by Government works, and of at least million 

acres in the area irrigated by wells. The area 
irrigated in a favourable year should, therefore, 

have risen from 11 to 13 million acres, but in 

the most favourable recent year the area did not 

exceed 12tmillion acres. Twenty-five years ago 

the statistics of areas irrigated by private works 
were not sufficiently accurate in many of the 
provinces to admit of reliable estimates being 
framed. It seems useless therefore to compare our 

figures with those given by the Famine Com- 
mission. There are, however, accurate statistics 
which show that during the past 25 years the area 
irrigated by Government works has been 
increased by 8 millionacres, or by eighty per cent; 
and from an examination of such records as are 
available, we have no doubt that within the same 
period the area irrigated by private works has been 
increased by at least three million acres. There 
has therefore been within the past 25 years a total 
increase of not less than 1 1 million acres, or of 33 
per cent, in the area irrigated in British territory. 

48. Irrigation in Native States - For the more 
important Native States, excluding those of 
Burma and Baluchistan, it has been possible to 
obtain what appear to be fairly correct statistics 
of the irrigated areas. In the case of some of the 
smaller States the correctness of the figures 
supplied to us is open to doubt. In the following 
statement we summarise the information which 
has been furnished to us:- 

State or administration Area to which Population Average are Area irrigated Percentage of 
statistics refer annually sown in an ordinary cultivation 

Year under 
irrigation 

Square miles Acres Acres 

Baroda 8.000 1,953,000 2,550,000 184,000 7.2 
Hyderabad 83.000 11.141.000 16,000,000 772,000 4.8 
Mysore 28.000 5.449.000 6,132.000 945,000 15.4 
Central India 69,000 5,920,000 10,668,000 595.000 5.6 
Rajputana Agency 1 13,000 8,475,000 6,491,000 1.172,oOO 18.1 
Madras States 9,000 4,144,000 1,090,000 625,000 57.3 
Bombay States 6o.ooo 7,254,000 20,131,000 963,000 4.8 
Bengal States 7 . m  877.000 1,237.000 353,000 28.5 
United Provinces States 1 ,oco 533,000 4U&,OOO 39.00 9.7 
Punjab States 35,000 4.220,OO 4.225.000 1,958,000 46.3 
Central Drovinces States 25,000 1,360,000 2,150,000 157,000 7.3 

Total 438,000 51,326,000 71,076.000 7,763,000 10.9 

49. Total irrigation in the Indian Empire - A 
number of States i n  which there is little or no 
irrigation have been omitted from the statement 
above; besides many smaller States for which no 
information is available. Most of these latter are, 
however, situated in Bengal or in hilly tracts, and 
the irrigated area within them must be inconsid- 
erable. From the figures for some of the States 
the areas ofjagir, or alienated, lands are excluded. 
Making an allowance for this, and for the States 
from which no returns have been received, the 
total area irrigated annually within the Indian 

Empire, excluding theNative States of Burmaand 
Baluchistan, is estimated at about 53 million 
acres. Of this area 19 million acres are irrigated 
from canals, 16 million from wells, 10 million 
from tanks, and 8 million from other sources. 

CHAP'IZR T;I -THE LIMlTATIONS OF IRRIOATlON 

50. SmaN percentage of rainjail now utilized in 
irrigation - The data required for determining the 
extent to which the rain-water is utilized for 
irrigation, are in  many respects incomplete. The 
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actual volume of the rain which falls annually 
over the greater part of the country, can be 
ascertained with a near approach to accuracy from 
the very complete data published by the Meteo- 
rological Department. But for determining with 
scientific exactness the proportion of the rainfall 
which flows off the ground surface, and which 
might be made available for canals or for storage, 
the necessary information is not available for 
many of the most important river-basins. For the 
Godavari, Kistna, Cauvery, Penner, Palar, and 
Ponnair, there are records of the surplus flow, 
from the greater part of the catchment, extending 
back for a sufficient number of years to admit of 
a fairly accurate estimate being framed of the 
average flow; and in the case of the Indus the 
detailed observations made during recent years 
by the Indus River Commission are of material 
assistance. For the Ganges also the daily gauge 
readings at Benares, and the few observations 
which have been made of the flow in the river, 

51. In the accompanying diagram [not given 
here] we show, with as near an approach to 
accuracy as seems possible with the data at 
present available, the total volume of rainfall over 
the catchments of the principal rivers or groups 
of rivers, the resulting surface flow, and the extent 
to which that flow is utilized in irrigation. The 
area included in our estimate comprises the basins 
of the Indus and Ganges, and the rest of India 
which lies between their southern boundaries and 
Cape Comorin; the catchment basins of the 
Brahmaputra, and of the Irrawadi and other 
Bunnese rivers, and all that part of Baluchistan 
which lies westwardof the Indus watershed being 
excluded from the calculation. Over this area, 
covering 1,434,000 square miles, the average 
annual rainfall is 37 :inches, giving a total volume 

of 125 billion cubic feet of water. Of this, a 
volume of 51 billion cubic feet, or 41 per cent, 

results in surface flow; and of this again 6: billion 
afford material fora rough estimateof the average cubic feet is held back or for of 
flow past that place: and forthe hIahanadi records irrigation. Of the water which is thus held back 
are available of the daily discharge thro'gho't or diverted, only a proportion, cerbinly not more 
One recent year' But for the Ganges than 50 per cent, is actually delivered on to the 

for the Nerbudda, Tapti* and fields. But if the whole volume were to reach the rekha, there are no records to show the surplus 
passing to the sea. In these cases reliance must fields, it would represent a depth of 3f feet over 
be placed upon a co-efficient of run off, selected 
with regard to the rainfall and other conditions, 
and to the co-efficient of actual flow determined 
for other catchments. The estimates arrived at by 
this method must be regarded as mere rough 
approximations. There are, moreover, no records 
to show what percentage of the volume used for 
irrigation is restored to the rivers by percolation 
through the subsoil or otherwise. It is, however, 
probably very much less than is indicated by 
observations made in America, and for our pur- 
poses it will be sufficiently correct to assume that 
the total surface flow is made up of the volume 
passing to the sea plus that utilized for irrigation. 
Nor are the records of the volumes used in 
irrigation always procurable; but for most of the 
larger and for many of the smaller works, accurate 
records are kept of the volumes entering the main 
channels. Figures can, therefore, be arrived at, 
which, as a whole, will exhibit fairly correct 
results. 

the total area of 40 million acres which, making 
a rough allowance for areas watered by river 
floods, may be taken as the area irrigated from all 
sources except wells. The depth varies from about 

2f feet in the Northern India, where the irrigation 

.is chiefly that of rabi crops from canals and 
natural depressions, to a feet or more on the rice 
fields of Southern India. 

52. Of the 59 per cent of the rainfall which 
remains to sustain plant life, to evaporate into the 
atmosphere, to moisten or saturate the soil, or to 
replenish the waters of the subsoil, a small per- 
centage is drawn off through wells and utilized 
for irrigation. There are very few data available 
for estimating this percentage with any pretence 
to accuracy. But in Norlhem India, where 
three-fourths of the well irrigated area is  to be 
found, the aggregate depth of the waterings given 
to each crop does not, on the average, exceed a 
foot in depth. In Southern India, where sugarcane 
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and garden crops constitute a large proportion of 
the area watered from wells, the total depth of the 
waterings may be taken at twoand-a-half feet. At 
arough estimate, therefore, one billion cubic feet, 
or 0.8 per cent of the rainfall, is utilized in well 
irrigation. 

53: Thus, roughly, it may be said that, out of a 
total rainfall averaging 37 :inches in depth, 59 per 

cent, or 22 inches, is absorbed in sustaining plant 
life, in maintaining moisture in the soil, and in 
replenishing the subsoil water-supply, or is lost 

of India where the utmost use of every available 
means of irrigation will fail to afford complete 
protection against failure of the rainfall. It seems 
necessary, therefore, to state a few facts and 
considerations in order to dispel any erroneous 
impressions that may have arisen from a study of 
the figures which we have given, and to prevent 
over-sanguine expectations being raised as to the 
possibility of utilizing in irrigation any very large 
shareof the enormous surplus volumes which our 
calculation shows to be carried off annually by 
the rivers of India. 

by evaporation; 6 per cent, or 2: inches, is utilized 55. Conditions limiting the extension of irri- 
gation - The main conditions imposing a limit to 

in artificial irrigation of all kinds; while the the which can be madeofthe surplus drainage 
balance of 35 per cent, or 13 inches, is carried of the country for the prevention of famine are: - - 
away by the rivers. Again, according to our (1) the geographical and seasonal distribution of 

calculations the surface flow amounts to 5 1 bil- the rainfall; 
3 (2) the physical configuration of the country; 

lion cubic feet, and of this only 6;; billion cubic (3) the difficultv of holding u~ water stored in . , 
feet, or 13 per cent, is utilized in inigation. The YP~TS of rainfall ii &vision against 

I a year of drought; balance of 44; billion cubic feet, or87 per cent (4) the character of the soil; and 

of the total surface flow, passes to waste in the 
sea. 

54. By those who have no knowledge or only 
an incomplete knowledge of local conditions, it 
may be thought that a large part of the great 

. volume of water, amounting to more than 44 
billion cubic feet, which now passes uselessly to 
the sea, might have been utilized, or could be 
utilized in the near future, for an enormous 
extension of irrigation and the effectual pre- 
vention of famine. We have seen that, although 
there are extraordinary local variations of the 
rainfall, the total amount received over the whole 
of the Indian Peninsula does not vary very 
appreciably from year to year. Why then, i t  may 
be asked, should it not be possible to utilize the 
surplus of one tract to make up the deficiency of 
another; or, where the physical conditions render 
thisimpossible, why should not the surplus of wet 
years be  stored up in readiness for a year of 
drought inevery tract of which the rainfall is liable 
to failure? We are, as we shall presently show, 
far from considering that irrigation in India has 
reached its ultimate limit. We cannot state, as the 
result of our inquiries, exactly what that limit may 
be, but we are convinced that there are many parts 

(5) the large number of different States and ter- 
ritories into which the country is divided and 
sub-divided. 

56. Limitations imposed by the distribution of the 
rain&all - In its geographical distribution, the 
rainfall displays a diversity which is said to be 
without parallel in any other country in  the world; 
the average annual fall varying in different 
localities from under five to nearly five hundred 
inches. Leaving mere questions of distance and 
cost of consideration, the general contour levels 
of the country will frequently offer an insuperable 
obstacle to the transfer of water from regions of 
copious and assured rainfall to those where it is 
scanty and capricious. At the same time, the 
seasonal distribution of the rainfall, which is 
confined for the most part to a few months of the 
year, presents a condition most unfavourable to 
its economical storage and use; for if the water is 
to do more than merely tide the autumn crop over 
breaks in the monsoon, the storage reservoir must 
bemade largeenough to carry the subsequent crop 
to maturity by means of the volume stored in  a 
single rainy season. Over the greater part of the 
country, there is little or no chance of subsequent 
rain refilling the reservoir after its: water has been 
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partially utilized. respects. Many of these difficulties could, no 
57. Diflculties connected with the surface doubt, be disposed of, if no regard were paid to 

conformation - The general conformation of the the cost. But, even where the object is prevention 
surface adds still further to the difficulty and cost of famine, there is alimit to the expenditure which 
of storage. On the flat surface of the alluvial plains the general community can be expected to incur 
of Northern India, storage on any considerable for the benefit of a particular tract. 
scale is, as we have said, almost impossible. If 59. Impossibility of conserving waterfor a year 
we allow for evaporation and percolation, it of drought - With regard to storing the rainfall of 
involves generally the submersion of an area at good years for use in a year of drought, we may 
least as large as that which would receive benefit say that if there is one point upon which our 
from the water. There are no doubt portions of inquiries have convinced us, it is that where, as 
these plains in which water is held up by in many parts of India, the only possible source 
embankments during the rainy season so as to of supply is in uncertain and often insufficient 
moisten the lands above and prepare them for the rainfall, it will not be possible to provide, at any 
autumn sowings. But this can hardly be desig- practicable cost, the amount of storage required 
nated storage in the proper sense of the word; and to counteract the effects of severe and prolonged 
the system is adopted only when the rainfall is drought. There are no means of predicting a year 
especially liable to failure; and the population so of drought, and any attempt to hold over water, 
scanty that the loss of the submerged land for the even from one year to the next, would entail the 
growth of the kharif crop becomes a matter of loss of an enormous proportion of the supply by 
secondary consideration. evaporation and percolation. In these circum- 

58. On the other hand, in the Western Ghats, stances it would obviously be bad economy, and 
where the assured rainfall might be stored at a fatal event from a purely protective point of view, 
sufficient elevation to admit of its being carried to limit the cultivation under a tank, and to refuse 
into tracts where the rainfall is scanty and to give out water to the cultivators, which they 
peculiarly liable to failure, the steep slopes of the could utilize advantageously from year to year, in 
valleys necessitate, as arule, the construction of order to hold it up as an insurance against a 
a dam at least one hundred feet in height if water possible drought. The drought might come next 
is to be stored in any considerable volume; and year; but on the other hand it might not come for 
for this, sound foundations and suitable materials five or even ten years, and meanwhile the culti- 
withina reasonable distance are essential. Again, vators would have been deprived of all the 
if these are procurable, the site must be such that benefits which they might have derived from the 
the length of the dam shall not make the cost annual use of at least twice the quantity of water 
prohibitive in proportion to the volume stored; that could be held over for the year of drought. 
and when all these advantages have been secured, Moreover, famine is not usually the result of one 
the construction of the work may involve the dry year. The worst famines have been the result 
submergence of many thousand acres of what are of two or even three dry years in succession; and 
generally the most fertile lands, or even the whatever might be the possibility of holding over 
removal of whole towns or villages. The future water for the first dry year, to do so for the second 
safety of the work will depend upon adequate or third would be entirely out of the question. 
provision being made for the discharge of flood 60. Unsuitability of soil - We have already 
water during cyclonic storms, and this, in many referred to the general unsuitability to irrigation 
otherwise excellent sites, can only be arranged for of the black cotton soils which cover such a large 
at an enormous outlay. Finally, the construction portion of the area of India. In addition there are 
of the necessary works for carrying the supply large areas of inferior sandy or stony soils which 
across the rough and broken surfaceof thecountry would never repay the cost of artificial watering. 
to the area requiring irrigation, may involve the And, we may add, there are enormous areas of 
most serious difficulties, and necessitate the forestanduncultivablewaste,wherewatercannot 
rejection of a site that wouldbe suitable in all other be used, however great the facilities for providing 
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it. In British territories alone, in the area under 
consideration, the forests cover an area of more 
than eighty thousand square miles, or eleven per 
cent of the surface; and there is nearly twice that 
area of uncultivable waste. About one hundred 
and twelve thousand square miles are said to 
consist of lands fit for cultivation which are now 
lying waste, but a very considerable proportion 
of this has a soil too poor to repay the cost of 
cultivation. 

61, Territorial difficulties - The numberless 
territorialdivisions of the country, and the manner 
in which the various States and territories are 
intermingled, have also been a material obstacle 
in the past to the development of irrigation. The 
only suitable site for a storage work may lie i n  a 
territory whose people would not only derive no 
benefit, but might even be put to considerable loss 
and inconvenience, by the construction of the 
work; or the full utilization of an available supply 
may only be possible by the co-operation of two 
or more States who are unwilling to combine. We 
have found numerous instances in which these 
and other territorial considerations have offered 
in the past a serious hindrance to the construction 
of irrigation works; but we believe that in the 
settled condition of the country, these difficulties 
will be found capable of adjustment by friendly 
co-operation of the States concerned with each 
othcr and with the Supreme Government. 

62. Limiting effects of the conditions in certain 
river basins - The general effect of each or all of 
these obstacles in retarding or hindering the 
utilization of the surface drainage in the devel- 
opment of irrigation, will best be exemplified by 
a brief survey of the general conditions in the 
catchments of some of the principal rivers. 

63. The Palar river in the Madras Presidency 
affords an excellent instance of the extent to 
which, under favourable conditions, the surface 
waters can be stored or diverted on to the land; 
and yet of their inadequacy under certain condi- 
tions to afford full protection against drought, 
even when supplemented by a fair share of well 
irrigation, Within this catchmcnt the surface 
conformation is generally favourable to the con- 
struction of tanks; and the rainfall, due to both 
monsoons, is spread over seven or eight months 
of the year, so that in ordinary years the tanks are 

frequently refilled after a portion of the supply 
has been drawn off for irrigation. To sllch an 
extent have these facilities been utilized that in 
most years there is but little surplus flow from the 
basis of this river. Almost the whole of the 
available rainfall from an area of nearly 9,000 
square miles, lying in this and the adjoining minor 
river-basins, is stored in tanks or diverted into 
canal channels. And yet the Madras districts of 
North Arcot and Chingleput, and the eastern 
portion of the Kolar district of Mysore, which lie 
in this area, are liable to suffer periodically from 
scarcity or famine. They have suffered severely 
from failure of the rainfall as recently as in 1891 
and 1896, although in both of those years prac- 
tically no water was allowed to run to waste. Nor 
can it be said that water could have been stored 
from the surplus of the preceding years; for ,. if 
the small surplus volume of each of those years 
had been stored, it could have had no appreciable 
effect in increasing the area under irrigation. 

64. South of the Palar lie the basins of the 
Ponniar and Cauvery rivers, in each of which 
nearly 60 per cent of the surplus flow is used in 
irrigation. To proposals for drawing off further 
supplies from the Ponniar catchment, the French 
Government have raised objections on the ground 
of possible reductions in the supplies now avail- 
able for their existing irrigation works in Pondi- 
cherry. In the case of the Cauvery, of which 
one-third of the total catchment of 31.000 square 
miles lies in the Native State of Mysore, the main 
obstacle to the further utilization of the surplus 
flow resulting from an average rainfall of 38 
inches, lies in the fact that, throughout the upper 
part of its course, the river flows through a deep 
and wide valley at right angles to the general 
direction of the drainage from the Western Ghats 
on its right bank. It thus cuts off all this drainage 
from the dry tract on its left bank where the water 
would be of the greatest value. This tract therefore 
is dependent for its irrigation upon a local rainfall 
which, though usually sufficient, has sometimes 
failed. When, as in 1875-76, the drought is 
prolonged, the tanks and all local sources of 
irrigation must, as we have shown, fail to afford 
full protection to cultivation. 

65. Selecting now an instance from the more 
central portion of the peninsula, we find that in 
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the basin of the Godavari 12; per cent of the flow 

from a catchment of 121,500 square miles, with 
an average rainfall of 43 inches, is used in 
irrigation. But of the volume thus utilized 33 per 
cent is accounted for in an area of under 2,000 
square miles where, near the mouth of the river, 
the first surface of the delta affords excellent 
facilities for the irrigation of the greater part of its 
area. Only 8 per cent of the total flow is utilized 
in the rest of the catchment, while the balance of 
87; per cent, more than 3; billion cubic feet, 

passes away in floods, chiefly during the short 
period of the south-west monsoon. A small 
percentage of the surplus can be utilized in the 
Bombay Deccan if storage works are constructed, 
as we have recommended, on the main river, or 
on the Mula, or at Maladevi on thepravara; a little 
more could be utilized in the valley of the 
Wainganga tributary, a comparatively small tract 
in which until recently the rainfall has never 
seriously failed; and small works may be pro- 
posed in the upper part of the Godavari district in 
Madras. There is little scope, elsewhere in British 
territory, for the further utilization of the surplus 
flow. Nearly one-half of the whole basin lies in 
the territories of Native States; and of the area in 
British territory over a thirdconsists of black soils 
which are generally unsuited to irrigation. 

66. In the adjoining basin of the Krishna, or 
Kistna, river there is an average rainfall of 34 
inches, of which 38 per cent, or a volume of 3 
billion cubic feet, results in surface flow. Of this 
only 355,000 million cubic feet or 12 per cent is 
now utilized in irrigation. Within this catchment 
lies a larger extent of exceptionally insecure 
country than is to be found in any otherriver basin 
in India, and within a hundred miles or less of a 
great of that area stretches a long strip of hilly 
country within the region of the assured rainfall 
of the Western Ghats. We have already referred 
to the obstacles which interfere with the full 
utilization of this abundant and certain supply. 
But we are hopeful that within the next twenty 
years it will be found possible to store or divert 
sufficient water for the irrigation of a considerable 
area in the insecure Deccan districts of Bombay. 
There are also possibilities of irrigating a very 
large area in the equally insecure Deccan districts 

of Madras, and in the adjoining district of Nellore. 
In Mysore, the great Marikanave tank will afford 
the means of storing 30,000 million cubic feet - 
a volume but little short of that held up by the 
great Nile reservoir at Assuan; and there are, in 
addition, a number of minor schemes proposed 
for the utilization of the supplies of the smaller 
rivers or for the storage of local rainfall. This river 
basin will therefore be the great fieldof operations 
for the construction of protective irrigation works 
during the next twenty or thirty years. But if every 
project that has been proposed by us or brought 
to our notice is pushed to completion, the result 
will be to effect a reduction of not more than 
two-thirds of a billion cubic feet, or of about 
one-fourth, in the volume now running to waste. 
Sixty-five per cent of the total surface flow will 
still pass to the sea. 

67. In Orissa, the Mahanadi, Brahmani, and 
Subarnrekha, carry annually to the sea more than 
5 billion feet or 97 per cent of the water which 
flows on their catchments. With a fairly steady 
rainfall which averagesover 54 inches, and which 
falls below 50 inches only in one small tract, there 
is but little demand or necessity for irrigation over 
the greater part of the basins of these rivers. 

68. To the west of the Mahanadi, and flowing 
westward, the Nerbudda and Tapti carry into the 
Arabian Sea 99.9 per cent, or practically all, of 
the surface drainage from an area of 65,000 square 
miles. The prevalence of black cotton soil 
throughout almost the whole of the catchments of 
these rivers accounts for the infinitesimal per- 
centage of water utilized. We do not despair of 
the possibility of making some use of the water 
in certain tracts of suitable soil, but at the best 
there will be held back from the sea only a mere 
fraction of the 2; billion cubic feet of the surface 

drainage of these two river catchments. 
69. Finally, before leaving the peninsula and 

passing to Northern India, we may point to the 
enormousvolume of 8 billion cubic feet, or nearly 
16 per cent of the whole surface flow of India, 
which annually rushes down to the Arabian Sea 
from the steep slopes of the Western Ghats. By 
the bold device of constructing a reservoir at 
Periyar on the outer slopes of the Ghats, and 
canying the water by means of a tunnel through 
the intervening hill on to the eastern table-land, 
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the Madras Government have been able to utilize has been found possible by the highest engi- 
about 10,000 million cubic feet or 0.125 per cent neering skill. No means have yet been found for 
of this flow. The chances of being able to repeat storingany portion of the enormous floods which 
this measure in the Ghats further north do not are brought down from the Himalayas during the 
appear to be promising. No final opinion can be few months of the monsoon season. In the outer 
passed upon this point until every possible site ranges, where the rainfall is greatest, the steep 
has been examined, but there are certainly no valleys of the hills, with their deep and porous 
prospects of ever making any appreciable beds of loose boulders and shingle, hold out small 
reduction in the enormous volume now annually hope of affording any suitable sites for reservoirs; 
lost along this coast. and even if a site could be found and a reservoir 

70. In Northern India, in the great valley of the consmcted, it would, in all human probability, 
Indus river, we find conditions which are on the slit up in a very few years. The fine and slowly 
whole exceptionally 'Suitable for the effective settling sediment of the Nile or the Betwa can be 
utilization of the surface waters. The snows and carried through a reservoir many miles in length, 
glaciers of the Himalayas provide storage on a but the coarser materials of hill streams sink to 
scale that man cannot hope to rival; the level the bottom as soon as  their velocity is appreciably 
a l l ~ v i d  plains lend themselves to the e~onomicd checked. On the right bank of the Jumna, in the 
C O I I S ~ ~ U C ~ ~ O ~  of large canals; while the demand of drained by the large tributaries of that river, 
the thirsty soil for Water renders all such works with their sources in the Vindhyas or h e  table- 
remunerative in the highest degree. And Yet, land of central India, more than three-fourths of 
under these exceptionally favourable conditions, the catchment lies in the of  ti^^ 
only 9 per cent of the total rainfall, or 30 per cent States. In the comparatively small tract in British 
Of lhe surface flow, is for purposes of territory there are, no doubt, at least six districts 
artificial irrigation. We have no doubt that, which are peculiarly liable to suffer from h u g h t ;  
notwithsfanding the areas and to some of these it will be possible, although 
irrigated in this catchment, mounting if ata considerable annual loss to the State, to afford irrigation be included to 18 million acres, it will a fair measure of protection by stodng and uti- 
be make very large extensions of lizing a portion of the supplies of the largerrivers 
irrigation by utilizing a portion of the present But there will still remain a number of mcts in 
surplus drainage. But if all the works which are which the sources of irrigation lie in a 
now conceived to be possible in the Punjab and deficient and capricious lacal rainfall. And, even 
Sind are constructed, although they may absorb if every which might reasonably be an additional half billion cubic feet, not a single 
large tract that is especially liable to famine will contemplated for increasing the area of irrigation 

be appreciably affected thereby, and 60 per cent in these British districts is carried to completion, 
of the surface water will still run to waste in the the addition to the utilizedvolume will not exceed 
sea. No human skill or ingenuity will carry any 200,000 million cubic feet. Thus more than 85 

per cent of the surface drainage will still flow past 
portion of this volume of 3; billion cubic feet to B ~ ~ ~ ~ .  

the high lying plains of Jaipur and Marwar, or 
over the ridge of the Indus valley to famine- 
stricken tracts in other parts of India. 

71. In the Ganges Valley, with a more copious 
rainfall and consequent smaller demand for water, 
out of 17.5 billion cubic feet of surface flow, only 
2 billion, or 9 per cent. is utilized. In the portion 
of the basin which drains into the liver above 
Benares only 0.6 billion cubic feet is retained, 
although the waters of the Jumna and Ganges 
proper are drawn upon to the greatest extent that 

72. Over the catchment which drains into the 
river below Benares the rainfall gradually 
increases towards the north, east, and south, both 
in amount and certainty, and there is a corre- 
sponding reduction in the need for imgation. 
There lie, however, within this portion of the 
catchment many tracts which are to a greater or 
less extent in need of further protection. But, 
when in the whole catchment of the Ganges all 
has been done that can be done, it may safely be 
asserted that, unless there is a remarkable change 
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i n  the physical or agricultural conditions, the river 
willstill carry annually to the seaat least 15 billion 
cubic feet of water. Thus, from this single 
catchment and from the outer slopes of the 
Western Ghats, there will still be a loss of over 
23 billion cubic feet - a volume which falls but 
little short of half the total surface flow of India, 
excluding Burma and Assam. 

73. In another chapter we put forward a pro- 
gramme of new irrigation works, which should, 
ifcompleted, have the effect of increasing the area 
under irrigation by 6f million acres. This will 

involve the subtraction of about one billion cubic 
feet only, or of less than 2 f per cent of the surplus 

volume which now runs to waste in the sea. 
74. Limits to the extension of well-irrigation - 

In the preceding paragraphs we have discussed 
the limits up to which irrigation from the surface 
flow of water is capable of extension. There 
remains the question of the degree to which the 
subsoil water-supply can be more widely utilized 
than at present. We have estimated the volume 
of water expended on irrigation from wells at 
about one billion cubic feet, or not more than 1; 

per cent of that portion of the rainfall which 
penetrated the soil. As far as supply is concerned, 
this percentage might no doubt be more than 
quadrupled; but the quantity of water in the 
subsoil can no more be taken as a measure of the 
possibilities of well irrigation, than the volume of 
surface flow passing into the sea can be taken as 
a measure of the possibilities of irrigation by 
worksother than wells. The limitations, however, 
to which irrigation from wells is subject are no 
less positive and definite than those of irrigation 
from the surface flow. The soils and crops which 
are unsuited to the latter class of irrigation, are 
generally equally unsuited, and in some cases 
even less well suited, to the former. Thus on some 

' 

black soils, even where canal or tank irrigation 
might prove advantageous, at any rate in a year 
of drought, well-irrigation very oftcn would not 
pay, owing to the inordinate expense of raising 
the large quantities of water required. For the 
maturing of the rice crops well irrigation rarely, 
if ever, pays. But the principal distinctive lim- 
itations to the extension of well-irrigation consist 

in the amount and quality of the subsoil supply, 
the depth at which it is found below the surface, 
the conditions of soil and subsoil favouring or 
impeding construction, and the consequent 
expense of construction and raising the water. In 
the alluvial wdcts of Northern India, down to the 
line of the Jumna river, the subsoil supply of good 
water is practically inexhaustible, and its depth 
generally moderate; the soil and subsoil also 
generally favour construction. It is difficult, 
therefore, here to place any limit to the eventual 
extension of well-irrigation, except the require- 
ments of cultivation. There are already districts 
of the Punjab and United Provinces which have 
all the wells they require. Soulh of the Jumna the 
water lies deeper, and is less abundant; it is also 
more liable to exhaustion in times of drought; rock 
has to be penetrated, and the expense both of 
construction and lifting is greater. In addition 
more numerous waterings are required, the total 
area irrigated is smaller, and well-irrigation 
generally does not pay except for a valuable crop. 
Here the extension of well-irrigation must be 
exceedingly gradual, and can only increase pari 
passu with a development of the general resources 
of the people. But while this extension cannot be 
rapid, it can and doubtless will continue long after 
the extension of irrigation by flow has ceased; and 
it may not be over-sanguine to look forward to a 
period when the area under well-irrigation 
throughout India will have doubled. At the same 
time, there will always remain extensive tracts, 
such as the black soil plains and stony uplands of 
the Deccan trap and crystalline areas, where wells 
are impossible or will never pay; and which will 
be protected from famine, by means of irrigation, 
no better than at present, notwithstanding the 
utmost development which may be effected in the 
multiplication of wells. 

75.  Conclusions - From this brief sketch of the 
conditions prevailing in anumber of the principal 
river-basins, and of the general conditions 
imposing a limit to the extension of well- 
irrigation, it should be evident that in many tracts 
which are necessarily dependent upon the local 
rainfall, even the utmost possible use of the 
available supplies of water will fail to afford 
complete protection against famine; that the 
volume of the rainfall, or of the waters which pass 
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unused to the sea or percolate into the subsoil, in consideration of the revenue derived from or 
affords no index to the possibilities of extending dependent upon them, but so little capital outlay 
irrigation; and that the limits to its further has been incurred on them by the British Gov- 
extension are those imposed by the local and other emment that capital accounts have not been 
conditions which have here been briefly indi- opened for them. Between works of this kind and 
cated, and which are discussed in fuller detail in major works there is, however, an intermediate 
subsequentchaptersof this report. But, although class, known as 'minor works for which capital 
there are limitations to the protection that irriga- md revenue accounts are kept.' Some of the 
tion can be made to afford, the very impossibility works in this class are old native works which 
of ilS affording complete proti?ction makes it all have been improved or enlarged by Government 
the more incumbent to utilize to the ulm0St such at a considerable cost; others are new works, 
means as exist for its extension. generally of small size, which have been con- 

CHAPTER III - STATE IRRIOATION WORKS structed by the British Government, but which 
have not, for reasons which it is unnecessary now 

76. Classesof works - The State irrigation works to consider, been classed as major works. State 
in India consist essentially of two kinds:  mall irrigation works must, therefore, be 
works originally constructed by the former rulers under three heads:- 
of the country or the owners of the soil and now (,) Major works. 
controlled and maintained by Government; and (b) Minor works for which capital and revenue 
large works which have been constructed or accounts ate kept. 
reconstructed by the British Cbvernment as Pro- (c) Minor works for which capital accounts are 
ductive or protective public works, or, in other not kept. 
words, as financial investments which were 
expected to be either directly or indirectly MAJOR WORKS 
remunerative. The most important, though not 
al1,of thelatter are technically classifiedas 'major 77. Financial results - The following table 
works,' while the class 'minor works' includes all exhibits the financial results attain& on major 
of the former and also a few of the latter. The works during the year 1900-01, which may be 
minor works consist for the, most part of small regarded as fairly normal in the aggregate, though 
local works which are maintained by Government not i n  all cases for individual provinces:- 

Province Number Capital outlay Percentage of Net Total area 
of works to end of Revenue irrigated in Average Rates per Acre 

1900-01 1900-01 - 
On total Ongross Average Revenue Working 
capital revenue value of assessed expenses 
outlay crops 

Lakhs of 
rupees 

Acres Rs Rs Rs 

Punjab 7 lQ73.0 10.5 70.0 4,642,852 27.5 3.4 1.1 
Sind 5 1,79.3 7.7 76.5 961,434 15.6 1.9 0.4 
Bombay 9 1 ,87.6 1.2 52.2 84,472 77.2 4.8 2.5 
Madras 9 739.6 8.5 79.6 2,915,271 36.7 4.1 0.9 
Bengaf 3 6,16.8 0.8 28.8 716,271 34.4 1.9 1 .7 
United Prwinces 6 8.77.4 7.3 66.4 1.888.091 39.2 4.3 1.7 

Total 39 36.63.7 7.1 67.8 11.208391 31.6 3.5 1.1 
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It will be seen that the works in Bombay 
(Deccan and Gujarat) and in Bengal do not earn 
enough revenue to cover the interest charges on 
capital outlay. Not one of the twelve works in 
these provinces has proved remunerative, and 
with the possible exception of the Sone Canals in 
Bengal, there is no prospect that any of them will 
ever become so. In all other provinces the works, 
as a whole, have proved highly remunerative; but 
there are three works in Madras, and one in the 
United Provinces, which give no promise of ever 
fulfilling the conditions of a productive public 
work. Nevertheless, taking the works for all 
provinces together it will be seen that regarded 
merely as a financial investment the works have 
been very profitable, and now yield a net revenue 
which is equivalent to a return of 7.1 per cent on 
the' capital cost, and some of the works, however, 
are not yet fully developed, and a higher return 
than this may be confidcntly anticipated in the 
future. 

78. Protective value - It would be difficult to 
overestimate the value to the country of these fine 
systems of inigation works, which may be said, 
with some slight reservation in respect of the 
Cauvery works in Madras, to have been entirely 
created by the British Government within the last 
eighty years. They irrigate annually over 11 
millionacres, and completely protect from famine 
an area which, except in the Madras and Orissa 
deltas, may be said to vary from twice to four 
times the area annually irrigated. In some parts, 
as i n  Sind, there can be no cultivation, and 
therefore no population, without canal inigation. 
In others, the effect of the works in maintaining 
or raising the level of the subsoil water, on which 
the well-irrigation depends, is of the utmost value 
and importance. The value of the crops irrigated 
b y  the canals in a single year is about equal to the 
whole capital cost of the works; and in years of 
famine the produce of the irrigated area, being 
largely available for transport to distressed tracts, 
becomes an important itcm in the general food 
supply of the country. 

79. Magnitude of the works. - Excluding the 
Cauvery works, which merely regulate the sup- 
plies in the river channels of the delta, the 
combined discharging capacity of the head 
channels or main lines is over 100,000 cusecs.* 
The works in Bombay and Madras have also 
storage reservoirs with a combined storage 
capacity of over 30,000 million cubic feet, while 
the total length of Government channels, 
including main lines, branches, and all distrib- 
utaries, is about 36,000 miles. It may be added 
that the table which we have given does not 
include two important works which were com- 
pleted and opened in 1901-02, viz., the Jhelum 
Canal in the Punjab and the Mandalay Canal in 
Burma. These two works will p~obably irrigate 
before long over 700,000 acres. 

80. Character of the works -Under this head are 
included a fw small works which have been 
initiated and carried out by the British Govern: 
ment, but the majority of the works of this class 
were constructed by former rulers of the country 
or in their time. They have, however, been 
enlarged and improved by means of expenditure 
which has been charged to a capital account, and 
the works are credited with the increase of reve- 
nue which is attributable to that expenditure. In 
the Punjab and in Sind, minor works consist 
almost entirely of groups of inundation canals 
from the Indus or its tributaries, which irrigate 
very large areas. In other provinces they consist 
partly of tanks or storage reservoirs, and partly of 
small canals or groups of canals which generally 
take off from above weirs built across the smaller 
streams of the country. There are, in all, 
seventy-three minor works for which capital 
accounts have been opened. 

81. Financial results - The following table 
shows the financial results attained on these 
works during 1900-01 :- 

* Throughout this report the word 'cusec' is used for 'cubic foot per second'. 
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Province Number of Capital outlay Percentage of Area irrigated Rate of reve- 
works to end of net revenue m nue assessed 

1900-01 1900-01 on per acre 
capital outlay 

Lakhs of Per cent Area Rs 
rupees 

Punjab 5 25.46 12.8 602.189 1.8 
Sind 7 39.84 26.2 882.956 2.3 
Bombay 
M d r a r  - . - - - 
Bengal 
United Provinces 
Raioutana 
~a%chistan 2 16.12 0.8 5.232 6.7 

Grand Total 73 320.04 6.0 2,190.462 2.4 

In Bengal and Bombay these minor works are, 
it will be seen, even less remunerative than the 
larger systems; i n  fact they fail to yield a net 
revenue sufficient to cover the working expenses. 
The works in Rajputana and Baluchistan are also 
unremunerative, but for the former province the 
results for 1900-01 are distinctly below the 
average, and in all ordinary years a return of 2 or 
3 per cent, is realized. Taking the works as a 
whole, it will be seen that they yield an average 
return of 6 per cent on capital cost, and are almost 
as profitable to the State as the major works. This 
result, however, is mainly due to the large returns 
earned by the inundation canals in Sind and the 
Punjab. 

82. Protective value and magnitude of the 
works - The works irrigate over 2 millions of acres 
annually, but the irrigation is more variable and 
uncertain than that effected from the large works, 
both inundation canals and tanks being liable to 
fail in unfavourable seasons. Nevertheless the 
protectivevalueof these minor works is very great 
when compared with the capital outlay incurred 
on them. The total length of the Government 

undertaken by Government. These works are 
essentially of the same kind as those which we 
have just been considering, the difference being 
that in respect of these no charges have been made 
to a capital account. It must not be supposed, 
however, that Government has never undertaken 
anything more than the bare maintenance. Con- 
siderable sums have been spent in improving and 
developing the works, but it has been found more 
convenient to charge such expenditure against a 
revenue account, and to avoid the complications 
of a capital account. 

84. Under this head are included all the inun- 
dation canals in the Punjab and Sind which have 
no separate capital account, and also all the old 
or native irrigation works in Upper Burma, which 
resemble those in Southern India, and consist of 
either tanks or small canals taking off from above 
temporary or permanent weirs across the beds of 
minor rivers. But collectively the most important 
item under this head is the 40,000 tanks, river 

channels pertaining to them exceeds 7,000 miles, channels, or other petty irrigation works, which 
and there are storage reservoirs with an aggregate are to be found in the Madras Presidency, and 
capacity of over 25,000 million cubic feet. which imgate between them more than three 

MINOR WORKS FOR WHIM CAPKAL million acres. 
Accoms ARE NOT KEPT 85. Financial results - The following statement 

83. Nature of the work - We havenext toconsider S ~ O W S  theareas imgated by all worksof thisclass, 
what may becalled the indigenous Stateirrigation the revenue due to them and the- expenditure 
works, the maintenance of which has been incurred on them during the year 1900-01:- 
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Province Area imgated Revenue receipts Charges Net revenue 

Acres Lakhs of G e s  Lakhs of rupees Lakhs of rupees 

Madras 3,173,250 79.86 22.83 57.03 
Punjab 707,525 7.06 4.27 2.79 . 
Bombay, including Sind 1,297,368 32.23 10.16 22.07 
Bengal 28,619 0.26 0.4 1 -0.15 
Burma 576.936 19.51 13.38 6.13 

Total 5.783.698 138.92 51.05 87.87 

Here also the revenue due to two small works 
in Bengal was insufficient to cover working 
expenses; but, taking the works in all provinces 
as a whole, it will be seen that they imgate nearly 
six minion acres, and that the outlay incurred by 
the State amounts to about 40 per cent of the 
revenue derived from them. It must be remem- 
bered, however, that part of this expenditure is 
incurred on improvements which will tend to 
increase the efficiency of the works and the 
amount of the revenue derived from them. This 

is particularly the case on the inundation canals, 
arrd on the works in Burma, where heavy 
expenditure has been incurred since annexation 
in putting the old works into thorough order, and 
in rendering them more substantial and perma- 
nent. 

86. General financial results for works of all 
classes - The general financial results attained in 
the year 1900-01, on all the irrigation works then 
in actual operation, may now be brought together 
as exhibited in the table below: 

-- 

Class of work Capital outlay to Interest charges Net revenue in Net revenue less 
end of 1900-01 @ 4% on capital 1900-01 charges for 

outlay interest 

Lakhs of rupees Lakhs of rupees Lakhs of mpees Lakhs of rupees 

Major works 36.63.72 1,46.55 2,59.70 1,13.15 
Minor works for which capital accounts have 
been kept 7,20.04 12.80 19.18 6.38 
Other minor works ... ... 87.87 87.87 

Total 39.83.76 1.59.35 3,66.75 2,07.40 

From this it will be seen that in 1900-01, which crores of rupees. 
may be taken as a normal year, the net revenue 87. Abstract of irrigated arear - The areas 
derived from all the State irrigation works then in irrigated in 1900-01 by each of these three classes 
operation exceeded all charges for interest on the of works in the several provinces may also be 
capital outlay and for maintenance by over two brought together as shown below:- 

Province Ma'or works Minor works for Other minor Total 
(productive and which capital works 

protective) accounts are kept 

Acres Acres Acres Acres 
Punjab 4,642,852 602,189 707,525 5,952.566 
Sind 961,434 882,956 1,297,368 3,266,152 
Bombay 84,472 39.922 
Madras 2,915,271 511.603 3,173,250 6,600,124 
Bengal 716,271 28,619 744,890 
United Provinces 1,888,091 113,793 ... 2,001,884 
Rajputana ... 34,767 ... 34,767 
Baluchistan ... 5,232 5,232 
Burma ... ... 576,936 576.936 

Grand Total 11,208,391 2,190,462 5,783,698 19,182,551 
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In round numbers it may therefore be said that ending 1896-97, with the areas during the three 
the State imgation works yield a net revenue after years ending 1878-79. We have hitherto con- 
meeting all charges including interest of about sidered productive and protective works under the 
two .. . crores, and irrigate annually over nineteen one head of 'major works,' but for purposes of 
million acres. camparing the areas irrigated during the last four 

88. Expansion of the areaunder irrigation since yean wiUl those given in the report of 1898, it 
1880and 1898 - The Famine Commission of 1898 
gave a table in paragiaph 551 of theh repoR may be convenient to adopt the classification 
comparing the areas irrigated under the three there followed, as in the table below, in which the 
classes of irrigation works known as productive, average areas for three triennial perials are 
protective, and minor, during the three years compared with the figures for 1900-01:- 

Class of work Average area imgated annually during the triennium Areas for 1900-01 
endinn with the year 

Acres Acres Acres Acres 
Productive works 4,645,091 7,774,860 30,465,882 10,868,976 
Protective 221,030 309,566 339,415 

Total major works 4,645,ki' 7,995.890 10,775,448 11,208,391 
Minor works 5,956,277 7,290.343 6,869.355 7,397,224 

Grand Total 10,601,368 15,286.233 17,644,803 18,605,619 

The areas irrigated in Upper Burma, which had 
not been annexed in 1878-79 have been excluded 
from the table, With regard to them it will be 
sufficient to state that the areas, which are all 
under minor works for which capital accounts are 
not kept, have increased gradually from 254,000 
acres recorded in 1894-95 to 576,936 acres in 
1900-91. 

89, Slow rate of expansion on minor works - An 
inspection of these tables shows that, although 
there has been a remarkable and continuous 
expansion since 1880 of the  area irrigated by 
major works, the increase has been mainly under 
the head produc tive. The absolute increase of area 
under protective works during recent years has 
been small. Few works of this kind have been 
sanctioned, and those which have been sanctioned 
are not yet completed or in operation. It is more 
important, however, to note the very small 
increase which has occurred in the area under 
minor works. It seems probable that in the course 
of a few years the area under major works will be 
nearly three times as great as  the average for the 
triennium ending 1878-79, but that the minor 
works will show an increase for the same period 
of less than 25 per cent. It is not difficult to 
account for the slow rate of increase under minor 

works. As long as the expenditure on the con- 
struction of new minor works, or the improve- 
ment and extension of the older works, is charged 
against general revenues, progress is sure to be 
slow and uncertain, and there is a constant ten- 
dency to restrict the grants to amounts that are 
hardly more than sufficient to meet the cost of 
upkeep of existing works. We have pointed out, 
in some of our Provincial Chapters, the great field 
which exists for extensions of the area under 
minor works, many of which are likely to be 
directly remunerative; and the figures which we 
are now considering confirm the conclusion that 
too little has been done in the past for works of 
this most useful cla'ss. 

90. Other State expenditure on minor works - 
We have endeavoured to give in this chapter a 
general view of the financial, productive, and 
protective results attained on State irrigation 
works throughout India, and have referred in 
greater detail to particular works in the corre- 
sponding sections of ourProvincia1 Chapters. We 
may observe, however, that the figures which we 
have given relate only to those works, the 
accounts and returns for which appear in the 
administration reports of the Irrigation Branch of 
the Public Works Department, and that the idea 
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which they give of the connection of the State with and private irrigation works play an almost equal 
irrigation works is not quite complete. There are part in the protection of thecountry from drought. 
some works, such as the Kabul River Canal, or w e  shall consider in the two following chapters 
the Firozpur District CLtnals in the Punjab, Or the scope which exists for the extension md 
others undertaken for the improvement of estates development of both these means of inigation. 
belonging to or under the adminiseation of 
Government which are carried out or managed by CHAPTER IV 
Civil officers, with or without O C C ~ S ~ O ~ ~  tech- SCOPE FOR FURTHER EXTENSIONS 
nical assistance from the Public Works Depart- OF STATE IRRIGATION WORKS 

ment, and are practically State works, but of 
SECTION I - PROTECIlVE VALUE OF IRRIGATION which no account is taken in the chapter; there are 

also other important works which have been 92. Introductory - It has been laid down in our 
undertaken and carried out in Native States under that the main question as regards new 
the advice or supervision of Government officers. works is not whether they will be likely to prove 
Lastly, we have excluded from these statements 
a considerable expenditure whichis met from the directly remunerative, but whether the net 
minor works grant and incurred by the public financial burden which they may impose on the 
Works Department on irrigation and agricultural State, in the form of charges for interest and 
works, such as the flood embankments in Bengal, maintenance, will be too high a price for the 
Burma and Madras. Works of the latter kind may protection against famine which they may be 
have a great protective value in tracts which are relied on to afford; and that it is from this point 
liable toheavy floods, but wehave thought it more of view that we should consider proposals for the 
convenient to confine our attention in this chapter extension of irrigation in districts in which cul- 
to works which give protection against drought. tivation is very and precarious. 
It is difficult to obtain reliable information as to instruction renders it necessNy that we should 
the protective value of flood embankments, but 
in Burma alone between 400,000 and 500,000 consider very carefully the financial prospects of 
acres are annually assessed at rates averaging all pro~osals, with a view to determining the 
more than RS 2 per acre on account of the actual price which the State will have to pay for 
protection afforded by such works, on which a the protection which they will afford, and the real 
capital outlay of nearly forty lakhs has been value of that protection. 
incurred. 93. Indirect advantages of irrigation - It has 

91. Comparison of areas irrigated by state and often been urged that the indirect advantages of 
private irrigation works - Before concluding this ifligation in lndia are so great and incontestable 
chapter we would invite attention to the statement that the question of the direct financial 
given in paragrnph 46, which it appears that which may be anticipated on the capital outlay is great as is the area which is now irrigated from 
State irrigation works, the area dependent on one of minor importance to which very little 
private irrigation works is even greater, although regard should be paid. This ~ro~osi t ion is not 
it is not always so fully and reliably protected. likely to C~mmend itself to those who are 
Out of a cultivated area of 226 millions of acres responsible for finding the large sums of money 
in ~ g i ~ h  lndia over 18t millions receive irriga- required for the construction and maintenance of 

irrigation works; and it seems desirable to form a 
SLate works; wht3reas the area clear idea of the nature of the indirect advantages 

&irrigated from wells, private canals, tanks, and which are claimed for irrigation works, and of 
1 other sources, amounts to Over 25-, millions of their comparative, if not absolute value to the 

acres, of which more than half is under wells. State in different circumstances. These advan- 
Considering both the extent and the efficiency of tages are of three kinds, each of which must be 
the protection afforded, it may be said that State considered separately:- 
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(a) The increase in the general wealth and 
prosperity of the community resulting from 
the increase in the produce of cultivation due 
to irrigation even in years of normal or more 
than normal rainfall. 

(b) The effect of irrigation and of large water 
storage works in increasing the humidity of 
the air, and in raising the level of the under- 
ground water-supply. 

(c) The prevention or mitigation of the horrors 
and the cost of famine. 

94, The value of irrigation in increasing the 
wealth and food supply of the country cannot be 
doubted; and although the amount or percentage 
of this increase varies greatly for different tracts, 
it can generally be estimated approximately for 
particular tracts in which irrigation works have 
been for some time in operation. There are,, 
however, obvious limits to the permanent charges 
which the State may reasonably be expected to 
meet for the purpose of increasing the produce or 
the profits of cultivation in particular tracts. The 
value of the crops which have been irrigated in a 
single year is often compared with the capital cost 
of the works. The comparisonmay be interesting, 
but it is very misleading as an indication of the 
value of the work. In the first place, the value of 
the crops which receive irrigation from a canal 
does not always represent the value of the increase 
of produce due to irrigation. It may do so in parts 
of Sind and the Punjab where cultivation without 
irrigation is impossible, but not on the Orissa or 
Kurnool-Cuddapah Canals; on the former canal, 
owing to the generally copious rainfall, the dif- 
ference in the value of irrigated and unirrigated 
crops is small in ordinary years; and on the latter 
the people fixd it more profitable to cultivate large 
areas of dry crops, for which the rainfall is 
ordinarily sufficient, than to put a smaller area 
under wet (rice) cultivation. But when the 
increase in the value of produce due to irrigation 
has been determined, it must be compared not 
with the capital cost of the works, but with the 
annual net charge for interest and maintenance 
which they impose on the State. We have found 
that there are many works on which this charge 
varies from Rs 5 to Rs 8 per acre irrigated. Prima 
facie, there is no more reason for calling on the 

State, or, in other words, on the general tax-payer, 
to bear a permanent charge of, say, Rs 6 per 
annum, for the sake of increasing by irrigation the 
produce of an acre of land belonging to a private 
owner, than there would be for calling on it to pay 
a similar amount for the purpose of supplying 
another man's acre with manure. Apart from the 
question of famine protection, which will be 
considered separately, the maximum permanent 
charge which the State may reasonably undertake 
in providing imgation, should theoretically be 
limited by the share of the increase in the value 
of produce due to irrigation which it will be able 
to recover indirectly. It is hardly necessary to say 
much here as to the manner in which a share in 
the increase of the wealth of the community 
comes back, in some indirect form or other, to the 
State, as by the increase in railway earnings or in 
the revenue derived from excise, stamps, 
income-tax etc., or by other ways in which the 
State shares in the prosperity of the country; but 
a measure of this share may be proposed which 
will be sufficient for our present argument. 

95. The best measure of the increase in the 
profits of cultivation due to irrigation'appears to 
us to be the arnowt which the people are willing 
to pay for it, that is, the gross revenue of the works. 
The two main factors in this item are the area 
under irrigation and the pitch of the water rates, 
with each of which the increase in the value of 
produce is likely to vary more or less directly. We 
have found that water rates vary from one-twelfth 
to one-fifth of the value of the crops irrigated, the 
proportion depending to a great extent may be 
taken as a measure of the profits accruing to the 
cultivator from imgation, a certain percentage of 
this revenue may again be taken as a measure of 
the indirectreturn to the State which results from 
these profits. We cannot say what this percentage 

- 

should be, but for comparative purposes the exact 
rate is not a matter of great importance, and we 
will assume it at 25 per cent. That is to say, that 
if the State receives Rs 4 per acre from the 
cultivator as water rate, in consideration of the 
increasein the profits of cultivation which he will 
derive from irrigation, it may be assumed that it 
will receive 25 per cent of this amount, or Re. 1 
per acre, in some indirect way, either from the 
cultivator himself or from those who share in his 
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prosperity. This will probably be thought an 
outside estimate of the share of the increase in the 
wealth of the country which comes back indi- 
rectly to Government; but it enables us b form a 
definite idea of the comparative effect of the 
indirect advantages on the financial position of an 
irrigation work, as shown in the following table 
which has been prepared for a number of typical 
canals or systems of canals. The term 'indirect 

return' is used in it, and in this chapter, in a special 
sense to represent the intangible return which is 
assumed to accrue to Government, and not in the 
technical sense referred to in paragraph 229 
(Chapter VIII). This indirect return is assumed 
to be in each case one-fourth of the gross revenue 
shown in column 4. It is added to the net revenue 
in column 5, and the return on the capital cost 
shown in the last column is then struck, 

Names of works Area irri- Capital cost Gross Reve- Net Reve- Return on Capital 
gated annu- in lakhs of nue in lakhs nue in lakhs 

ally in rupees of rupees of rupees (per cent) 
thousands of Direct Indirect Total 

acres 
1 2 3 4 5 6 7 8 

Punjab Major Works (a) 4,357 (c) 920.76 146.16 103.14 11.2 4.0 15.2 
Godavari and Kistna Canals(a) 1,375 (d) 269.69 60.54 45.16 16.8 5.6 22.4 
Kumool-Cuddapah Canal (a) 61 217.33 1.77 0.68 0.3 0.2 0.5 
Sone Canals (b) 481 267.52 11.12 5.07 1.9 1 .O 2.9 
Orissa Canals 6) 202 264.48 3.99 -0.52 -0.2 0.4 0.2 
Betwa Canal (a)' 33 45.07 0.57 -0.36 -0.8 0.3 -0.5 
Bombay Canals, Class B (e) 46 86.71 1.58 0.68 0.8 0.5 1.3 

(a) For the year 1900-01 
(b) Averages for 3 years ending 1901-02 
(c) Exclusive of 286,000 acres imgated on Native States branches of Sirhind Canal and Patiala Section of Sirsa 
(d) Exclusive of 50,000 acres assumed as old imgation. 
(e) Averages for 10 years ending 1900-01. 

96. We have no hesitation in admitting that there 
is a real, although intangible, indirect return on 
successful irrigation works, which may properly 
be taken into account when new works are pro- 
posed; but the foregoing table indicates how 
easily these indirect returns may be exaggerated. 
As might beexpected, they are considerable when 
the direct returns are high, but of little absolute 
value when these are low. On the provisional 
assumption that they amount to 25 per cent of the 
gross revenue, the indirect return for the great 
productive works in the Madras deltas and in the 
Punjab will vary from 4 to 6per cent on the capital 
cost; but for unremunerative works the percent- 
age is fractional and the amount of the indirect 
receipts very small. If we assume a lower 
percentage on the gross revenue, they will become 
quite inconsiderable. The rate of interest to be 
charged on future capital expended on irrigation 

works is 3: per cent: but, if allowance be made 

for interest charges during construction and until 
irrigation is fully developed, it may be assumed 

that no work will fulfil the conditions of a pro- 
ductive work unless it will yield a return of 5 per 
cent on the actual capital cost, excluding charges 
for interest during construction. If a work is likely 
to yield this return, it is unnecessary to consider 
the question of indirect returns; and if it will not 
yield a return of 3 per cent, the indirect returns in 
themselves are not likely to be considerable 
enough to justify its construction. Where the 
direct return is likely to vary between 3 and 5 per 
cent, more weight may be given to the claim of 
indirect returns, and the work may probably be 
constructed without involving much risk of any 
real loss to the State. Speakinggenerally, we may 
say that, although the indirect returns on a highly 
productive work, and the increase in the wealth 
of the country, of which they are a measure are 
great and undeniable, they are small and incon- 
siderable on works which are unremunerative, 
and that it is only in a few cases that i t  will be 
necessary to take them into account. When the 
advantages offered by irrigation works are so 
small or restricted that the people who enjoy them 
are not able to pay the cost of providing them, it 
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may be inferred that wl, ... ever value they may as constituting an additional argument for their 
have in years of famine, their effect in increasing construction, although it is one upon which, by 
the wealth of the country is also small. This may itself, much stress cannot be laid. 
seem almost a truism; but so much is often said 99. The important question of the of 
about the great indirect value of ifligation works protective irrigation works in preventing or mit- 
which will not pay theirway, thatwe have thought igating the costand has next to 
it necessary to discuss the subject at some length. be We have Observed 

97, When the charge for irrigation takes the apart from the question of famine P ~ ~ ~ ~ ~ ~ ~ ~ ~ $  
form of an enhancement of land revenue, there is there is reason why the State accept a 
a consequent increase in the pmceds of local Pe'manentcharge 0' the 'evenue the Of 

cesses which deserves notice. This increase is not increasing the productiveness of land belonging 
to private owners; and that at any rate such charge credited to the works because the money i s  spent should be Limitd to the amount which may be 

l a d 1 y  in providing schmls* rKoupd by the share of the increased produce 
dispensaries, etc., for the benefit of those who which will back to it in an indirect form. 
contribute it. It is not therefore a State asset; but me reservation in respect of famine protection is, 
one of the indirect advantages of new irrigation however, all-important. The obligation on the 
works lies in the fact that they lead to increase in state to incur whatever expenditure may be 
the cesses, or local funds, available for the bet- necessary to save life during famine, involves 
terrnent of the agricultural community. future liabilities which cannot be evaded, and of 

98. The effect of irrigation and of large storage which full account must be taken. We have 
works in increasing the humidity of the air, or in therefore to consider what immediate expenditure 
raising the spring level in wells, can hardly be on unremunerative protective works may be 
disputed; but its value necessarily varies very justified by the reduction that i t  will effect in the 
much in different localities. It can be of little amount of these future liabilities; or, in other 
bencfit in the deserts of the Punjab and Sind, words, what reduction in the future direct cost of 
where the spring levels in wells are at unworkable famine to the State may result from a given 
depths, and dry hot winds are  continually blow- expenditure on such works. For the present we 
ing; or in the Orissa d e l ~ ,  where there is a normal may disregard the indirect cost of famine to the 
rainfall of 60 inches and wells irrigation is hardly State, and the loss and misery which famine 
practised; or in tracts which now suffer from imposes On the people; and Confine ourselves to 
water-logging and very high spring levels. ~ u t  the purely ~conomical question of the cOmPara- 
tanks and irrigation may have a great indirect tive demands on the tax-payer, involved in an 
"due in such tracts as ~ ~ ~ d ~ l k ~ ~ ~ d ,  central immediate expenditure on protective irrigation 
India, the Rajputana States, and the Bombay or works, and in the future relief of the distress which 

may be anticipated if these works are not con- Madras Deccan. The exposure of large surfaces structed, 
of water to evaporation must tend to increase the 

lM Thisisaquestion towhich wehavedevoted humidity of the a i ,  and water evaporated in one a grat deal of attention, of which a direct and 
place will be precipitated in another. Still more satisfactory soludon appears to be hardly possi- 

Or at any rate palpable* is the ble. If we could obtain reliable particulars of the effect On lhe level, and on the percolation expenditure on different groups of villages, 
flow which can be picked up the beds of enjoying different measures of protection by 

by channels or from above small means of irrigation, but d l  situated wihin an area 
weirs. But it is impossible to assign any quanti- in which all other conditions affecting the cost of 
Qtive, and still less any money value to these relief were approximately identical, it might be 
effects. It  is sufficient to recognize them as possible to estimate the saving in Ule cost of relief 
operativein various degrees in the tracts in which which could be attributed to every irrigated acre; 
protective inigation works are mostrequired, and and toequate theestimated annualcost to the State 
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of extending the irrigated area with the saving 
which would result in the cost of famine relief, on 
the recurrence of famines of similar intensity after 
assumed intervals of time. The available statistics 
do not, however, show the expenditure on relief 
works by villages, but by works, and it is not 
possible to ascertain the number of units from 
particular villages who were relieved on the 
works. The conditions which induced the people 
toresort to relief works varied so much in adjacent 
areas, and even at different times within the same 
areas, that no reliable conclusions could be 
derived from details of the attendance, even if 

of avoiding the future cost of famine relief. If 
more than this is spent, the payment of the annual 
charges for interest is likely to impose a heavier 
burden on the tax-payer than the cost of famine 
relief. 

102. Protective value of an irrigated acre - The 
next question to be considered is the additional 
area to be brought under irrigation in order to 
protect the district to the extent necessary to 
prevent any charges for famine relief in future. 
The Sholapur district has a population of 72 1,000 
and the area normally sown and cultivated may 
be taken at 2.000.000 acres. or about 2: acres for , , 

they were available. It is unnecessary, however, 
4 

to explain at length all the difficulties which each head of population. After considering the 

prevent a satisfactory solution of the problem relation of the protected area elsewhere to the 

which we are considering; but a few figures may normally cultivated area and to the population, 

be given which will indicate a maximum limit to and to the demands for famine relief, we think 
that the minimum area that should be protected the expenditure which may be justified as a by irrigation in order to prevent charges for 

preventive of the direct cost of famine. famine relief in future, cannot be estimated at less 101. There are few districts in which the cost of than 0.4 acres per head of population, which 
has been greater lhan that of She- should, however, be assumed at 800,000, to allow 

lapur in the Deccan. During Ihe last 33 yean, Or for fubre increase. The population in this district 
third of a century, this district has suffered from decreased by 30,000 during the decade ending 
famines, as noted below:- 1900-01, and this decrease will no doubt be more 
l876-77 Severe famine, expenditure not than made good with the return of more favour- 

known able seasons and the extension of irrigation. For 
1891-92 Scarcity - given* but it \?.auld such a population there should be a protected area 

probably be given mder slm'lar of not less than 320,000 acres, of which it may be 
conditions. said that 100,000 are now protected by wells and 

1896-98 Acute famine - cost 45 lakhs existing irrigation works, leaving 220,000 acres 
l899-1902 Intense and prolonged famine - cost for which irrigation should, if possible, be pro- 

70 Iakhs vided. Assuming that Rs 1,25,00,000 is the 
The amounts shown as the Cost of the last two maximum unproductive kxpenditure which may 

famines have been based on figures supplied by be incurred on the strength of the saving antici- 
the Collector of Sholapur, which give all expen- pated in the future cost of famine relief, the 
diture to the end of November 1901, including the amount which may be thus spent for every acre 
losses due to irrecoverable advances and to brought under irrigation will be RS 57. This may 
remissions of land revenue. Five lakhs have been be called the "direct protective value of irri- 
added to the cost of the last famine as shown by gated acre" in the disvict of Sholapur. If it be 
the Collector, to cover expenditure incurred thought that a larger area than this must be brought 
subsequently to November 1901. If we assume under irrigation in order to prevent all liability for 
that one famine such as that of 1899-1902, and the cost of famine relief, the direct protective 
two famines such as that of 1896-98, are likely to value of an acre will be so much the less. 
occur in every third of a century, we may estimate 103, It has already been observed that when 
the cost of 160 lakhs, or say 5 lakhs a year. allowance is made for interest charges during 
Capitalizedat4percentthisamounts to125lakhs, construction and up to the time that an irrigation 
which is thearithmetical limit to the unproductive is fully developed, a work cannot be considered 
expenditure which may be incurred for the sake as likely to prove directly remunerative if the 
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ultimate netrevenue will yield a return of less than 
5 per cent on the capital cost, excluding charges 
for interest. The limit to the capital cost per acre 
for a remunerative work will thus be the capital- 
ized value at 5 per cent of the net revenue which 
may be expected per acre of average annual 
imgation. Thus, if the net revenue from a work 
id the Sholapur district were estimated at Rs 2-8 
per acre, the work would be remunerative if the 
capital cost did not exceed Rs 50 per acre. But if 
allowance also be made for the direct protective 
value of an irrigated acre, a capital expenditure of 
50 + 57 = Rs 107 per acre might be contemplated. 
There is, however, very little prospect of any 
irrigation work being constructed in Sholapur at 
so low a rate as this. 

104. It will, however, be said, and truly said, 
that the protective value of an imgated acre 
cannot be limited to the saving that it may effect 
in the future cost of famine relief. There is an 
indirect loss of revenue due to famine, of which 
account must be taken, in the loss of land revenue 
due to land going out of cultivation or to the great 
impoverishment of the cultivators; and there are 
corresponding losses in the revenue from excise, 
customs, salt, stamps, etc., all of which are likely 
to continue for some time after famine has passed 
away. The total of these losses, i f  it could be fairly 
estimated, would possibly not fall short of the 
recorded actual cost of famine relief, including 
remissions of land revenue, etc., which is all that 
we have hitherto considered. But, over and above 
all bis, it may be contended that the expenditure 
which Government may legitimately incur on 
famine prevention cannot be limited by a con- 
sideration of the reduction in the future cost of 
famine to the State which will result from such 
expenditure; and that a much higher scale of 
expenditure may be justified, for the sake of 
saving the inhabitants of insecure tracts from all 
the losses and demoralisation and miseries of 
famine. 

105. It is unnecessary to expatiate on this 
argument which we should be the last to contest. 
It is difficult to propose any limit to the expen- 
diture which the State may incur in order to 
prevent what has been called the scandal of 
famine. But vague generalities on the indirect 
profits of irrigation and losses of famine are of 

little use in considering the question whether the 
net financial burdens which particular works may 
impose on the State, are too high a price to pay 
for the protection which they will afford. A scale 
of some kind is necessary by which we can 
measure the comparative weights of these bur- 
dens, and the corresponding protective advan- 
tages; some definite idea is wanted as to the share 
of unproductive expenditure on a work which 
may be justified on the ground of the saving that 
will be effected in the future direct cost of famine 
to the State; and it may be left to Government to 
decide how much more than this may be con- 
templated for the sake of protecting the commu- 
nity from all the evils of famine. 

106. The best scale which we can suggest is that 
afforded by the direct protective value of the 
irrigated acre. It may be estimated, as we have 
shown, for any particular tract, by considering, in 
the light of past experience, the probable cost of 
faminerelief in the future, the population, the area 
usually cropped, the area which may be regarded 
as protected, and the minimum area that should 
be protected in order to tide over a periodof severe 
drought. The calculation which appears to us 
most suitable may be expressed symbolically by 
the formula- 

F x=-  
P" -a  

Where x = The direct protective value of an 
irrigated acre, or the capitalized value 
at 25 years' purchase, of the saving in 
average annual cost of famine which 
will be effected by every acre brought 
under imgation. 

F = Estimated total cost of famine in the 
given tract for a period of 25 years, or 
quarter of a century. 

P = Population of the tract, with necessary 
addition for prospective increase. 

n = Area in acres which should be pro- 
tected by imgation for each head of 
the population. 

a = Area in acres already protected. 

The co-efficient n will vary in each &act, but for 
insecure tracts it will probably never be less than 
0.3 or more than 0.5. Other things being equal, 
the valueofn shoulddiminish as the areanormalf y 
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cropped per head of population increases; but the x = Direct protective value of an irrigated 
character of the cultivation, nature of staple crops, acre. 
and other points affecting the question, require r = Anticipated net revenue per acre of 
consideration; and when possible the conditions average annual irrigation. 
in villages which are adequately protected within m = A multiplier, representing the ratio of 
the same tract should be considered. The value the total protective value of an irri- 
ofx (Rs 57) which we have proposed for Sholapur gated acre to its direct protective value. 
may probably be regarded as nearly a maximum Then C = 20 r + m 
for a whole district, as there are few districts 
which have suffered so much from famine. If 108. Our inquiries indicate that the cost of 
therefore the value could be worked out for all irrigating an in many Partsof the Deccan, by 
distticts (although a smaller unit, such as the ~anals with aplentif~l or reliable supply, is likely 
taluka, would be preferable), we should expect to to e ~ e e d  Rs 200 Per acre, while the net revenue 
find it varying from a maximum of Rs 60 in the per acre may vary from Rs 2 to Rs 3. If canals 
Deccan, to nil in those districts which may now Xe to be constructed in this tract at dl ,  it would 
be regarded as secure. seem that a value for m not differing very widely 

107. Permissible capital outlay per acre - As from Our proposed value 3, must be 
we have before stated, we do not desire to propose Or. '" words- that Government must be 
that the unproductive share of the capital cost of prepared face an expenditure 'qua' Or 

bringingan acre under should belimited equivalent to three times the estimated future cost 

to the value of x; although it should probably be of famine relief and remissions of revenue, for the 

limited with reference to this value, for the direct sakeof preventing famine altogether. Then, if the 

protective value of an irrigated acre will be a very average direct cost of famine in Sholapur be 
estimated at 5 lakhs per annum, the annual cost fair ~ e a s m e  of ifs total, or direct and indirmt, of preventing this may be estimakd protective value; or, in other words, the recorded at 15 lakhs. The net direct cost to the State would famine is a fair measure of the therefore be 10 l&hs. Some of this would be 

intensity and severity of the famine. Let it be by avoidance of all losses of 
assumed, for the sake of example, that this total indirecfly due to famine, but the balance 
protective value may be laken at three times the will represent the cost of substituting a policy of 
direct protective value, or x; that is to say, that we famine prevention for one of famine relief. 
may contem~late an 109. We do not mean to say that this value of 
ex~ndi twe of 3x rupees pr gre* in ~ ~ ~ s ~ d e r -  the ratio m is high, or that it will involve, in 
ation, not only of the reduction which will be the pmiculu cmes to which it may be applied, 
effected in the future direct cost of famine, but a, expenditure out of dl propoaion to the 
also of the indirect profits which will accrue to advantages to be by preventing famine in 
the sfate under ik heads (a) and 0,) to place of relieving it. The prokction which it 
in P W ~ W P ~  939 of a reduction in the unreported, would furnish would not be more costly, when 
or indirect, cost of famine, and, above all, of the considered with reference to the liabilities for 
protection to be afforded to the community from famine expenditure which it would prevent, than 
all the evils of famine. Then, if it be assumed as that which has been &ford& by such works as 
before, that every acre of average iinn~al irriga- the Orissa, the Kumool-Cuddapah, and the Betwa 
tion will yield a net revenue of RS 2-8, a capital Canals, and many of the existing irrigation works 
expenditure of Rs 221 Per acre might be in Bombay. It is true that the construction of these 
contemplated on new irrigation works for the works was not deliberately sanctioned, with a full 
Sholapur district [(20 x 2.5) + (3 x 57) = 2211 ; or foreknowledge of the unsatisfactory financial 
generally, if results which would be attain&, but we believe 

that the protective value of all has been great 
C = Permissible capital cost per acre. enough to prevent any one from regretting that 
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they were constructed. We are inclined to think be approximately estimated after long investi- 
ha t  the value of this ratio m which we have gation and careful inquiry. But this is nothing to 
assumed, i s  not too high; provided always that it the difficulty in determining the areas which will 
is appliedonly to cases in which the water-supply be irrigatd in wet, in normal, or in dny years, or 
is so secure that the contemplated protection may the revenue which can be derived from irrigation 
be regarded as assurd even in the worst years of - factors which @rofoundly affect all estimates 
drought, when the protection will be most based, as all estimates must be, on acreage rates. 
urgently needed. l#hen there is doubt on this Reliable estimates On all these Points, without 
point a much lower value should be taken, We which it would be very imprudent to sanction any 
think, too, that the value proposed should be expensive work, can only be submittedseparately 
regar&d, at any rate for some time to come, as  a for consideration on their merits. It will not be 
maximum, ~~t the final determination of the possible to protect every tract which is in need of 
linits to the expenditure which may be legiti- protection, and individual estimates will relate 
mately incurred for the sake of preventing, so far to small portions these tracts. It thus 
as irrigation works can prevent, all the great e v i l  becomes necessary form some idea of the 
offmine, does not rest us. AII that we can permissible capital cost per acre to be irrigated in 

do is to direct attention to some of the elements particular mcty as the possible guide 

of the problem; and to point out, in reply to those the probable net cost lo the State canying Out 

who contend that the whole of India can be sucl'prOjects as may be proposed. 
securely protected against famine by the con- 1 11. It must not, however, be supposed that we 

struction of irrigation works that even when this estimate that the probable net cost of protecting 
any tract which is now liable to famine, at  a sum 

is physically possible, there is a limit to the which is equivalent to three times the probable 
expenditure which may be incurred, and a risk of expenditure on famine relict There are no doubt 
imposing a burden on the country which may be 
even greater than that of famine itself. many tracts in which protection cannot be pro- 

vided at a less cost than this, and they are generally 110. We have considered here what we have the Vacts in which protection is most urgently 
called the protective value of irrigated acre, as the required. But there are oUlers in which it may be 

Possible of the problem hoped that the unproduc(ive ouflay will be much 
to be dealt with. If we could have obtained for less. Works which will beproductive, or in which 
every famine district reliable estimates of the cost the capital cost is not to exceed 20 times of all the protective irrigation works which could the net revenue, will not involve any unpoductive 
be p r o ~ s e d *  the net revenue which would be outlay, and it win be unnecessary to consider the 
derived and lhe which they question of their protective value at  all. And we 
couldefficiently protect, we mightprobably have think that, in all tracts in which the cuttivation is 
hazarded a conjecture as lo the probable net cost at all insecure, protective works may be sane- 
to the State of carrying out such works. But such wihout hesilation whenever the capital 
"limates were and not have been cost is not likely to exceed thirty times the net 

The cost and the net returns of a revenue, or whenever a net return of more than 3 
prokctive irrigation work cannot, like those of a per cent on the capital outlay may be anticipated. 
protective railway, be approximately estimatedat The indirect returns which will accrue on the 
so much a Nor can we say * as has actually expenditure, and the protective value of the work, 
been said, that inasmuch as the capital cost of the will certainly suffice to justify thesanction, When 
GOdavari workshasno tex~~dedRs  18 Per acre, a lower return than this i s  anticipated, i t  will be 
i t  i s  sufficient to allow something more than necessary to pay closer attention to all the &r- 
double this rate, Or 8s 40 Per acre, as the probable cumstances of the case; and especially to the 
cost Per acre of the great Tungabhadra project. urgency and the certainty of the protection which 
The mere cost of the works in any particular case, the work is designed to afford. In such cases the 
and especially when storage is involved, can only work will either be abnormally costly to construct 
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or maintain, or the value of irrigation, except in 
years of extreme drought, will be so small or 
doubtful as to justify caution in according sanc- 
tion. This examination of the subject leads to the 
conclusion that, however great may be the indirect 
value of irrigation works which may be classed 
as productive, it will diminish rapidly for works 
on which the direct returns are likely to fall below 
the productive standard, and may become so 
inappreciable, even in districts which are liable to 
frequent famine, as to render the construction of 
the works inexpedient. 

112. Productive wbrks - It has been shown that 
the major irrigation works hithertoconstructed by 
the State have, on the whole, proved so remu- 
nerative that they yield a surplus revenue, after 
all charges for interest have been met, of over 1 13 
lakhs, the net revenue being equivalent toa return 
of 7.1 per cent on the capital cost. The first point 
that strikes us, in approaching the question of the 
scope for further extensions of State irrigation 
works, is the limited field for the construction of 
new works which are likely to be equally remu- 
nerative, or even to be at all directly remunerative. 
There is not a prospect of new irrigation works, 
on any considerable scale, proving directly 
remunerative in any of the provinces in which 
protective irrigation is most urgently required, 
namely, the Deccan districts in Bombay and 
Madras, the Central Provinces, and Bundelkhand. 
The only provinces in which there is a consider- 
able field for new irrigation works which are 
almost certain to be remunerative are the Punjab, 
Sind, and possibly Madras. In the Punjab, there 
is f i s t  the great project for the irrigation of the 
Lower Bari Doab, which will probably prove 
highly remunerative whatever may be the form 
which it will ultimately take, or whatever may be 
the magnitude ~f the scheme. The prosecution of 
this work is likely to extend over several years, 
and if the next great Punjab project, the Sind- 
Sagar Canal, is then undertaken, it will probably 
be in the expectation that it will fulfil the 
conditions of a productive irrigation work, 
although it is not likely to prove highly remu- 
nerative. Any other new works that may be 
proposed i n  this province are likely to be 

remunerative; and the same may be said of Sind, 
where all capital expenditure on the inundation 
canals has hitherto proved exceedingly profitable. 
Almost all proposed new works in Madras 
involve the consulaction of storage works, and 
although many of the existing storage works in 
the Presidency are remunerative, there are some 
which are not; and it is at least doubtful whether 
many of the new works will be so, and almost 
certain that the greatest of them all, the Tungab- 
hadra project, will not. If a sufficiently large area 
of rice-growing land can be commanded, it is 
possible that the proposed Tapti Canal may fulfil 
or nearly fulfil the conditions of a productive 
irrigation work; but this is at presentdoubtful, and 
it is almost certain that no other large work can 
be proposed in Gujarat which will be directly 
remunerative. All existing works in the United 
Provinces, north of the Jumna, are highly remu- 
nerative; but there is not much scope for new 
works outside the Sardah project, and it may be 
doubted whether that would fulfil the conditions 
of a productive work if carried out as originally 
proposed, but this we have not recommended. 
The new works proposed south of the Jumna, or 
in Bundelkhand, arecertain to be unremunerative. 
In Bengal no imgation work hitherto constructed 
has proved remunerative; although it appears not 
improbable that the Tribeni Canal, now under 
construction, may nearly fulfil the prescribed 
condition, as it has the great advantage of an 
assured and ample supply, and it commands a 
rice-growing country in a very insecure tract, We 
have, however, been unable to propose any new 
works in Bengal which are likely to be remu- 
nerative. 

113. Although the field for new productive 
works is limited, there is scope in almost every 
province for considerable expenditure in 
extending or developing existing works. 
Expenditure of this kind, which is chargeable to 
the open capital accounts of the works, is almost 
certain to be remunerative, even when the works 
themselves taken as a whole are not. 

114. Many of the new productive works that 
may be proposed in future, including almost all 
extensions of existing works, will be situated in 
provinces or districts which are already ade- 
quately protected, and they will not be urgently 
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required for protective purposes. Nevertheless all in which they were situated all needed protection, 
productive works must be regarded as essentially and it was but natural that attention should first 
protective. The direct revenue which they earn is be directed to schemes which promised not only . 
a valuable asset, more especially as it is usually the best financial results, but also a much larger 
at a maximum in years of drought when so many measure ofprotection to the country at large, than 
other sources of revenue are liable tocontract. As could be attained by works of a less remunerative 
already shown, it is a measure of the increase in character. The result of this policy has been an 
the wealth of the country due to the works, a large increase to the revenue of the country which now 
share of which comes back to the Stateindirectly. exceeds three-quarters of the amount of the 
Population is attracted from the more congested Famine Grant, and will before long fully equal 
districts, and in times of famine many emigrants that amount - an increase whichmay now be fairly 
from distressed tracts find agricultural employ- utilized, as recommended by the Famine Com- 
ment on the new areas brought under cultivation. mission of 1878-80, in extending the blessings of 
Every extension of irrigation increases the irrigation to tracts which are less able to pay for 
security of the food supply of the country in years them. But, although this sufficiently accounts for 
of drought, and, in these days of cheap railway the fact that possible new works are much less 
freights, the produce of irrigation can be carried promising as financial investments than the works 
to those parts in which it is most required. For which have been constructed, the fact itself may 
these reasons we think that the programmes of be expressed in another way. The works of the 
future expenditure on irrigation works should past have, with few exceptions, been canals fed 
provide for the consiruction of as many produc- from large rivers, on which storage works were 
tive works as can be proposed, in whatever parts unnecessary. Even the exceptions aresignificant. 
of the country they are situated, and without For the excepted works have all proved unre- 
reference to the urgency of protection for the munerative, owing either to the great cost of the 
locality. Promising projects should be held in storage or to the inefficiency of the work for want 
abeyance only when funds cannot be allotted for of storage. For the works of the future, storage 
them without interrupting progress on irrigation will be essential. Except in the provinces of the 
works of any kind which have been actually Punjab, Sind, and Oudh, not a single work of any 
commenced, or withholding money from works importance can be proposed which does not 
more urgently required for protective reasons; or involve the construction of expensive storage 
when adequate establishment is not available for works, or for the full development of which 
carrying out the works; or when the success of the storage works will not eventuallyberequired. We 
works depends upon colonization operations have already given reasons for anticipating that, 
which it may be more convenient on general in many tracts, the net cost to the State of 
grounds to postpone. protective irrigation works may be equivalent to 

115. Protective works - We have next to con- not less than three times the cost of relieving 
sider the class of works which are called protec- famine within the area to be protected. This is 
tive, not necessarily because they have a greater mainly due to the great cost and uncertain oper- 
protective value than the productive works, but ations of storage works, which are so seldom 
because they have been sanctioned in consider- adequately realized that it may be convenient to 
ation of theirprotective value although they were consider the subject in greater detail. 
not expected to fulfil the condition of a productive 1 17. TheProvincialChapters of this report show 
work. The majority of new works are likely to be how much has been done for the protection of the 
of this kind, or only partially productive. country by existing storage works; and we have 

116. It is not difficult to understand why the just pointed out that all future extensions of 
works to be constructed in future should be much irrigation, in the provinces of India which are 
less promising, as financial investments, than most subject to famine, depend on the construc- 
those which have been constructed in the past. tionof storage works. But to us the word 'storage' 
Before those works were consmcted, the districts is as suggestive of the limitations as of the 
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possibilitiesof irrigation asa meansof protection. supply has not failed, may be taken at 6 acres. If 
We have pointed out the difficulties connected this rate could be worked up to in all years - a 
with the construction of storage works, and the consummation which may perhaps be hoped for 
physical considerations by which the possibility as the advantages of irrigation become more 
of impounding any large proportion of the waters appreciated - the capital cost per acre would not 
which now flow uselessly to the \sea is limited. be less than Rs 212. If a net revenue of Rs 2-8 
We shall here consider, therefore, only the lim- assumed and capitalized at 5 per cent, the share 
itations which are imposed by the question ofcost. of the capital cost which would be productive may 

11 8. We have obtained particulars of the cost of be taken at Rs 50, leaving Rs 162 upon which no 
twenty storage works in the Bombay Presidency, direct return would be received. This is a much 
with an aggregate capacity above outlet level of better result than has yet been attained, and there 
20,792 million cubic feet, the capacity of indi- are reasons for anticipating that the net cost of 
vidual works varying from 15 to 5,500 million new works in the Deccan may be even greater 
cubic feet. We find that the actual cost of the than that of those already constructed, and that, 
reservoirs, including dam, escape, outlet, and after deducting the share which may be regarded 
compensation for land, but excluding establish- as productive, it may not fall far short of Rs 200 
ment charges, has averaged Rs 465 per million per acre. The irrigation of 500,000 acres at a rate 
cubic feet. This is the actual cost of impounding of Rs 180 per acre would involve a permanent 
water, to which has to be added the cost of the charge on the revenues of the country of Rs 
canals, distributaries, and other works for con- 45,00,000 per annum, and would not entirely 
veying the supply to the area to be protected, and prevent famine even if very evenly distributed. 
all charges for establishment, tools and plant, etc. We do not say that the advantages of such 
With these additions, the total cost of the works exemption from famine as the works would 
averages Rs 1,275 per million cubic feet. With afford, would not be worth the cost. But it is 
these figures may be compared those for the obvious that we approaching a limiting rate 
Periyar project in the Madras Presidency, in beyond which protective irrigation will become 
which there is a storage of,6,480 million cubic financially impossible for any Govemment; and 
feet. The cost of the reservoir, including the that, even at the rate assumed, there are limits to 
outlet, has been at the rate of Rs 653, and that of the area which Govemment can prudently 
the whole project at the rate of Rs 1,364 per undertake to protect. 
million cubic feet. 120. The net cost of storage works per acre 

119. The area that can be irrigated, per million irrigated will probably be less in other provinces, 
cubic feet impounded, varies very much accord- even if the cost of impounding and dishibuting a 
ing to the circumstances of supply and demand, million cubic feet of water be the same; although 
therangebeing from 2 to 12 acres. In some works, this also should be much less in tracts well suited 
like the Periyar or Lake Whiting (Nira Canal), the for tank irrigation, as for instance the Bhandara 
reservoir impounds only a portion of the annual district in the Central Provinces. In Madras a 
yield of the catchment, and for several months in higher rate of net revenue per acre will probably 
the year there may be an abundant surplus which be obtained, and in the Central Provinces a higher 
greatly brings up the duty. Other tanks seldom or duty may beexpected. But these more favourable 
never fill, they have no surplus, and rarely store tracts are, as a rule, in less urgent need of pro- 
up to their full capacity. The area wilI also depend tection; and, although the cost of protection may 
upon the kind of crop sown - an acre of sugarcane be less, its ratio to the probable future cost of 
taking as much water as, perhaps, eight acres of famine in the tract concerned may not be less than 
wheat - and also on the character of the season. it is likely to be in the Deccan. From this point 
The average area irrigated from the Bombay of view there is a limit to the expenditure which 
works during 10 years has not exceeded 3.6 acres may be legitimately incurred on famine protec- 
per million cubic feet; but the maximum rate tion, even when the actual cost of the works isnot 
which is attained in dry years in which the tank very high, It may, for instance, be better to spend 
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Rs 180 per acre in Bombay than Rs 90 per acre result in an increase of cost which will be regarded 
in Chhattisgarh. as prohibitive. Storage is  so costly, even in the 

121. It must also be pointed out that, on most of most favourable circumstances, that very few 
the works which we have been considering, the irrigation works which depend on i t  are remu- 
areas irrigated in a year of keen demand have been nerative; and under adverse conditions it becomes 
limited only by the capacity of the storage res- financially impossible. 
ervoirs, which have not be& designed to hold 

spmoNm-co NsmucnoNpRoGR AMMEANDFORECAST. more than a year's demand. It is unnecessary to 
discuss here the question of the ratio which the 123. Introductory - We have shown that very 
capacity of a storage work should bear to the few of the new State irrigation works which can 
minimum or average yield of the catchment area, be proposed are likely to be remunerative, as the 
or to the average demand for irrigation. Each most promising projects have already been car- 
particular case must be considered on its merits. ried out, and almost all those which remain will 
There is an undoubted risk that storage works depend on such uncertain sources of supply as to 
which are not situated in the regions of unfailing necessitate the construction of expensive storage 
rainfall may fail seriously in a year of drought, works. We have alsodiscussed therelation which 
although experience shows that failure occursless the net cost to the State of these works is  likely to 
often than might be supposed. If, in order to meet bear to their value as a protection against famine. 
this risk, storage works are designed, as has It remains to summarize the various schemes 
sometimes been suggested, to hold a supply equal which are recommended in the Provincial 
to twice the requirements of the area which they Chapters (Part 11) of this report; and to frame a 
are intended to protect, the cost per acre irrigated construction programme,, and a forecast of the 
will be very much higher than in the examples expenditure to be provided for if our proposals 
which we have considered; and the double are generally accepted. For this purpose it will 
capacity, although it will reduce the risk, will not be convenient to assume a period of 20 years; but 
beacompleteinsurance againstfailure,especially the actual length of the period, or, in other words, 
if a succession of dry follows a seriesof wet years. the rate of annual expenditure, will depend on the 
It may often be very desirable to provide excess funds which Government can provide for the 
storage; but in many storage works complete purpose, and on the rate of progress which can be 
insurance against failure can only be obtained by attained by the local Public Works Departments. 
a prohibitive increase in cost. The period for each province can be extended or 

122. Irrigation by means of storage works is,% shortened when these points have been fully 
fact, subject to the same practical limitations as considered. 
the storage of electrical energy. Secondary bat- 124. We must also premise that we are unable 
teries or accumulators are of the greatest value for to base a programme on any accurate estimate of 
the purpose of equalizing the supply, and for the cost of the works which are to be included in 
continuing it when the machinery has broken it. We haveendeavoured, by a study of therecords 
down or stopped; butunless they can berecharged of existing works and of estimates for some new 
at frequent intervals, their size and cost are so schemes which have been prepared in different 
great as to render their use impossible. So it is degrees of detail, to form some idea of the cost of 
with irrigation. Storage will be indispensable in providing irrigation in those tracts in which irri- 
almostall works of the future, and, in spite of their gation appears to be possible, and in which 
cost, they will be of the greatest value in main- protection is most urgently required; and also of 
taining a supply for irrigation through all the the probable scope and protective value of the 
vicissitudes of a single season. They can do more works proposed. Investigations of particular 
than this only if they are constructed in a region projects have also been undertaken on our rec- 
of unfailing rainfall, or with acapacity greatly in ommendations, andreports anddetailedestimates 
excess of the average annual demand; but corn- relating to them will no doubt be submitted in due 
pliance with either of theseconditions must often course for the orders of Government; but our 
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present programmes and forecasts must neces- 
sarily refer to general schemes of irrigation rather 
than to particular projects. It may be added that 
the programmes relate only to capital expenditure 
upon works for which regular capital and revenue 
accounts will be kept. Whatever expenditure may 
be incurred in future on minor works, of the kind 
for which we propose (paragraph 251) that no 
capital accounts should be kept, will be met from 
the ordinary minor works grant, and will be 
outside the programme which we are now con- 
sidering. 

125. Classijication adopted in forecast - It will 
be convenient to divide all the proposed works in 
our programme into three classes, which may be 
called productive, intermediate, and unproduc- 
tive. We assume, as we have done elsewhere in 
this chapter, that a work may be considered 
productive if it is likely to yield, ten years after 
completion, a net revenue equivalent to a return 
of not less than 5 per cent, on the direct and 
indirect capital outlay. This definition is more 
convenient for our purpose than the technical or 
coda1 definition usually adopted (paragraph 224); 
and the two will be identical when the accumu- 
lated excesses of interest charges over net reve- 
nue, at the end of the tenth year after completion, 
do not exceed one-third of the total capital cost. 
They should not exceed this in the case of a 
moderately productive work if, after the work has 
once been commenced, construction is carried on 
vigorously until completion. Works that are 
certain not to pay 5 per cent have been classed by 
us as unproductive; while works of which it 
cannot be said with any certainty that they will be 
either productive or unproductive are treated as 
intermediate. 

126. Punjab - The first place among new pro- 
ductive works in the Punjab must be assigned to 
the Lower Bari Doab project. There is a doubt at 
present as to the ultimate form which this project 
may assume; but whether the canal be fed from 
the Sutlej, involving the construction of addi- 
tional weirs lower down the river, or from the 
Chenab, with a feeder from the Jhelum, an 
expenditure of 600 lakhs is the least that should 
be provided for. Another 300 lakhs should be 
added for work on the Sind-Sagar project; and an 
expenditure of no less than 150 lakhs should be 

contemplated on the open capital accountsofboth 
perennial and inundation canals, for all of which 
we have recommended that in fume regular 
capital and revenue accounts should be kept. 

127. We have also recommended a moderate 
expenditureof 50 lakhson new minor works, such 
as small inundation canals, for tracts which cannot 
be included in existing systems. No special or 
separate provision has been made for new works 
in the North-West Frontier Province, but part of 
this sum may be applied to such works. 

128. Bombay: Sind - We allow 100 lakhs for 
extensions of certain canals in Sind and for 
improvements of existing works. All this 
expenditure is likely to be highly productive. 

129. Bombay: Gujarat - The most important 
work that can be proposed is that for a canal from 
the Sabarmati; but we have been unable to rec- 
ommend the small project which has been put 
before us, partly because of the uncertainty of the 
supply, and partly because its construction might 
prevent the construction of a work of much larger 
scope which would be possible if a suitable site 
for storage works can be found. We have entered 
100 lakhs for possible expenditure on this project 
and the Mahi river scheme, both of which should 
be investigated as soon as may be practicable; but 
we do not think that either work will be produc- 
tive. Without storage they will be very ineffec- 
tive, and the demand for water will be small. On 
the other hand, storage will involve a great 
addition to the capital cost. An expenditure.of 20 
lakhs may also be allowed for other protective 
works, such as tanks, which may be proposed in 
certain parts ofGujarat. We have entered 50lakhs 
for a canal from Tapti which should be con- 
structed if further inquiry shows that there is a 
fair, although not necessarily an assured,prospect 
of its proving remunerative. If a sufficient area 
of rice land can be commanded, the canal may 
possibly prove remunerative without expensive 
storage works, the construction of which on Tapti 
we are unable to recommend, after full consid- 
eration of the circumstances in the Surat district. 
130. Bombay: Deccan - We have allowed 600 

lakhs for the construction of storage works at the 
most eligible sias in the Western Ghats, and for 
canals therefrom into the Deccan districts of 
Bombay; and 50 lakhs for smaller works and for 
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the completion of some of the storage works on 
which relief labour has been employed. We 
estimate that this expenditure will lead to an 
increase in the average irrigated area of about 
325,000 acres, which may amount to 500,000 
acres in a year of extreme drought. The amount 
of protection thus provided is of course far from 
commensurate with the necessities of this 
famine-stricken tract, but the physical conditions 
are such that further provision, at any reasonable 
expenditure, will be wholly impracticable (11, 
111 \  

expenditure within the next 20 years. 
133. We have also included 600 lakhs for the 

proposed Kistna storage work, although it may be 
doubted whether i t  could be undertaken in addi- 
tion to the other works during the period assumed. 
It may, however, possibly take the place of some 
of them. After it has been more fully investigated, 
a better opinion can be formed as to its probable 
cost and the place to be given to it in a construction 
programme. It is thought that it may prove a 
productive work, but we consider it safer to class 

1 11) .  it as intermediate. 
131. The three 134. Central Provinces - The works proposed p r 0 ~ s e d  in lhis the Tungabhadra in these hovinces are not likely as a whole to be project, the Kistna project, and the proposed 

storage work on the Cauvery or one of i& tribu- productive, but there may be exceptions, espe- 
taries. For the latter, 140 lakhs may be allowed, cially in the case of river channels, or such works 
and there is reason to suppose that it will be a the Ramtek project. We however, 
productive work. We would also  pro^^ an propose an expenditure of three hundred lakhs for 
expenditure of 100 lakhs, to be charged against the whole period- 
the open capital accounts of existing works, to 135. Bengal - Although unable at Present to 
provide for such works as the improvement of the form any opinion as to the feasibility of the 
Kurnool-Cuddapah Canal, the Divi 1slan'd proposed Karamnassa scheme, we allow 90 lakhs 
pumping scheme, and the provision of additional for it in our forecast, as weconsider that ifpossible 
storage on the Periyar, Rushikulya, and Srivai- something should be done for the protection of 
kuntam projects. We assume that three-fourths the Bhabua Sub-division of the Shahabad district. 
of thisexpenditurewill prove remunerative, while We can hardly, in the light of past experience in  
one-fourth may be classed as intermediate. We Bengal, suppose that the work will be other than 
would also propose a further expenditure of 100 unproductive; but it is possible that it may in 
lakhs on new storage works of n~oderate size, of course of time yield a net revenue sufficient to 
thekind hitherto classed as minor works for which cover the charges for interest on its cost, just as 
capital and revenue accounts are kept. We think we think the Sone Canals might now be made to 
that half this expenditure is likely to be do. For works in North Bihar we have allowed a 
productive, while the remainder will fall into the sum of 80 lakhs. we doubt if a large sum can be 
intermediate class. spent on irrigation works in this tract, as long as 

132. From the information laid before us the people are unwilling to take or pay for the 
regarding the Tungabha&aproject7 we can hardly water during of drought. We have 
hope that it prove a productive work' recommended a systematic expenditure of about although it is urgently needed for protective 
purposes. It is  possible that, in spite of its great 1 lakh a year in Chota Nagpur on petty works for 
cost and the doubtful character of the demand for cOnaming the water-suppl~ of the 
irrigation, i t  may in time prove less unremuner- These works will not be wholly unremunerative 
ative than many of the works proposed in Bombay if they receive credit for the enhancement of 
and the C e n ~ a l  Provinces, but we cannot at rentals in Government lands which may be 
presentclassify it as anything butan unproductive expected toensueon their construction. We have, 
work. We can form no idea of the ultimate cost in addition, made a provision of 30 lakhs for 
of the complete project, whichwill depend mainly expenditure on the open capital accounts of 
on thestorage that can be arranged for; but for the existing works. It is doubtful if it will be fully 
purpose of a forecast we allow 600 Iakhs for productive. 
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136. UnitedProvinces - In the United Provinces 
the only expenditure which is certain to be pro- 
ductive is that which will be incurred against the 
open capital accounts of existing productive 
works; for this 50 lakhs have been allowed. 
Provision is made of 100 lakhs for a modified 
Sardah project; but we cannot regard this as 
certain to be productive, and have classed it as 
intermediate. For the Ken Canal, and other new 
works in Bundelkhand and other tracts south of 
the Jumna river, 90 lakhs have been allowed. The 
whole of this may be regarded as unproductive 
outlay. 

137. No provision has been made for any 
expenditure that may be incurred in diverting the 
waters of the Sardah and Ganges rivers, for the 
purpose of setting free a share of the Ganges and 
Jumna supplies for the proposed Eastern Ganges 
Canal, and for theprotection of the insecure tracts 
in and adjoining the district of Hissar in the 
Punjab. Our only reason for omitting provision 
for these important proposals is that at present our 

information is quite insufficient to admit of even 
a rough estimate being framed of their probable 
cost or of the areas which may be brought under 
irrigation. We do not, however, think that the 
proposals should be allowed to stand over 
indefinitely. We regard it of great importance that 
the question of utilizing the unfailing supply of 
the Sardah, in those tracts in which it will have 
the greatest protective value, should be thor- 
oughly investigated with as little delay as possi- 
ble, and that, if a satisfactory project can be 
prepared, it should be included in the detailed 
provincial programme. 

138. General - Some allowance must be made 
for the cost of investigating projects which are not 
afterwards proceeded with, and for small works 
in other administrations such as Berar, Coorg, 
Baluchistan, and British Rajputana. For this we 
have entered 80 lakhs, which wiIl be generally 
unproductive. 

139. Abstract - The forecast of expenditure for 
each province may now be abstracted as below- 

Area to be irrigated Province Forecast of expenditure in lakhs of rupees 
in 
thousands of acres Productive Intermediate Unproductive Total 

2.600 Punjab 1,050 50 ... 1,100 
400 Sind 100 ... ... 100 
170 Gujarat ... 50 120 170 
325 Deccan 650 650 

1.925 Madras 2& 6% 600 1.540 
450 Central Provinces 
200 Bengal 
400 United Provinces 
30 General 

6,500 Total 1,510 920 1,970 4,400 

We have indicated the area likely to be irrigated 
for the expenditure proposed, but this can only be 
very roughly estimated at present. The table does 
not include Burma, por the expenditure to be 
incurred on works in other provinces which have 
already been sanctioned and are in progress. The 
period of forecast may, therefore, be regarded as 
commencing about two years hence, when most 
of the works now in progress will have been 
completed and detailed estimates of many of the 
new projects will probably have been considered 

and sanctioned. 
140. Net cost to the State - Taking a return of 5 

per cent on the capital outlay as the standard of a 
productive work, we may assume an average 
retum of 6.25 per cent on those which we have 
classed as likely to be fully productive; and allow 
for works of the intermediate class an average 
retum of 3.75 per cent, and one of only 1.25 per 
cent for works which are classed as unproductive. 
The direct financial loss on the works as a whole 
would then stand as follows:- 
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Lakhs percentage Annual profit Annual loss 
lakhs lakhs 

- - 

1,510 Productive at 6.25 5.0 18.88 
" 920 Intermediate at 5.00 - 3.5 ... 1GlO 

1,970 Unproductive at 5.00 s 1.0 ... 78.80 

Total 18.88 92.60 

There would thus be a net loss of 73.72 lakhs, indirectly in all years, and also by some reduction 
as a set-off against which the finances will be in the indirect cost of famine. The residual 
relieved by the reduction in the future cost of burden, whatever it maybe, will represent thecost 
famine which will result from this expenditure. to the State of preventing distress within the areas 
If it were possible, in sanctioning protective to be protected, instead of providing relief when 
works, to be guided by the principle which we it occurs - relief which is almost necessarily 
have suggested, that the net burden which the resmcted to the bare protection of human life. It 
expenditure would impose on the State should is not for us to propose any final limit to the 
never exceed three times the amount of expen- expenditure which may be legitimately incurred 
diture on famine which would be averted by the with this object; in which are involved not only 
works, we could safely estimate the reduction in the credit and good name of the State, but also the 
the cost of famine, due to the construction of well-being of the millions who, in  all but the most 
works of the intermediate and unproductive unfavourable years, add to its revenues and to the 
classes, at a great deal more than one-third of wealth of the country by the precarious cultivation 
92.60 lakhs, thatbeing the proportion in the worst which they cany on in these unprotected tmcts. 
or most unfavourable cases only. As a matter of We cannot but think that the programme which 
fact, it is of course impossible to determine we now put forward will not, if our calculations 
accurately either the direct cost of future famines, are even approximately correct, impose an undue 
or the effect of every acre of irrigation in reducing burden on the State. But our main purpose is 
that cost. But,if an attempt were made toregulate rather to indicate what that burden is likely to be, 
sanctions in accordance with some such principle than to offer an opinion as to the limits beyond 
as that which we have proposed, we might fairly which the State cannot be expected to go. 
assume that at least one-thirdof the net cost of the 141. Detailed provincial p r o g r a m s  - This 
works, or say 31 lakhs per annum, would be programme must be regarded qerely as an out- 
covered by a reduc tion in the direct cost of famine, line. We have endeavoured to distribute the 
and that the permanent charge on the State would proposed expenditure between provinces in 
be reduced to about 43  lakhs. We have not, accordance with what we conceive to be the 
however, considered the saving in the cost of requirement and capacity of each; and as it can 
famine which will be caused by the productive never be said i n  what part of the country famine 
works, as we have no means of measuring this. may next occur, we think that protective opera- 
The actual saving in cost of famine relief will not tions should be undertaken, in accordance with 
be very large, because most of these works will some definite scheme, in all provinces. If our 
be constructed in tracts which do not suffer from proposals are favourably regarded, we  would 
famine. The cultivation on these works will, suggest that each Local Government and 
however, reduce the cost of famine indirectly in Administration be invited to submit its own 
other ways, by increasing the available food programme, which will be prepared on the same 
supply of the country, and by attracting labour lines, but in greater detail and not necessarily so 
from adjacent distressed districts. The net burden as to work up to the amounts which we have 
on the State will, therefore, be a great deal less proposed. It will then be possible to prepare a 
than forty-three lakhs; but it will be further revised general programme, in accordance with 
reduced by the share in the increase of the wealth which future financial arrangements will be 
of the community which will acme  to the State framed. When the provincial programmes have 
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been accepted, Local Governments should be 
held responsible for their being systematically 
and fully worked up to, material deviations from 
the prescribed plan being made only with the 
sanction of the Government of India. We consider 
it also of the greatest importance that when the 
commencement of a work has once been sanc- 
tioned, progress should never be interrupted for 
want of funds. The local officers should be 
encouraged to complete the work as quickly as 
may be possible, and thecommencement of other 
worksshould not be sanctioned if this will involve 
any diversion of the grants required for works in 
progress. 

142. Slow construction of irrigation works - In 
connection with these provincial programmes 
there is a limitation to the rate of progress which 
must always be borne in mind in comparing 
forecasts of expenditure on new irrigation works 
and on railways. The annual outlay on canals can 
never equal that which has been attained in the 
construction of railways, the greater part of the 
cost of which is incurred on permanent-way , iron 
work for bridges, fencing, etc., and rolling-stock. 
The earthwork forms a minor charge. When it is 
desired to push on a railway very fast, it is only 
necessary to call for more tenders for iron and 
steel plant, and the markets of Europe and 
Americacan meet the supply with little delay. On 
an irrigation work, on the other hand, almost the 
whole outlay is on account of earthwork and 
masonry works, the progress of which depends to 
a great extent on the local supply of labour. Thus, 
we have contemplated spending on new irrigation 
works in the Deccan the sum of six hundred lakhs, 
but we have been told that an outlay of 25 lakhs 
per annum would exhaust the labour available in 
the neighbouring districts. We have no doubt that 
it will be possible to attain a higher rate of progress 
than this, i f  establishments are suitably 
strengthened, and if  Government will commit 

itself to a continuous policy of irrigation exten- 
sion, which will induce private enterprise to 
import labour. But, even allowing for this, the 
same rate of progress will never be possible on 
irrigation works as can be attained without dif- 
ficulty in railway work, on which six crores could 
be spent in a few years. This facility of rapid 
construction is one of the many advantages which 
tend to make railways most valuable protective 
works. Much more time is required not only for 
the actual construction of irrigation works, but 
also for the preliminary investigations and 
detailed designs; but, on the other hand, the outlay 
incurred is spent almost entirely in the districts 
which the works are intended to protect. 

143. Present programme not exhaustive - We 
should add that the programme which we put 
forward must not be regarded as exhaustive. We 
do not propose to limit future expenditure on 
irrigation works to 44 crores of rupees, nor do we 
consider that irrigation cannot be extended, by 
new State works, to a greater area than 65 million 

acres, so long as the condition that they must be 
directly remunerative is set aside. But we have 
thought it better to submit a definite programme 
for a limited period, than to consider all the 
unexhausted possibilities of irrigation. If some 
such programme can be carried out within the 
period proposed, we have no doubt that by the 
time it approaches completion other projects will 
be forthcoming, and a new programme will be 
prepared. But, although much may then remain 
to be done, we cannot but express an opinion that 
the limits to the area which can be protected by 
State irrigation works at a cost which will not be 
prohibitive, will then be within sight. Even now 
there are many areas which such works cannot 
reach, or which have been, or may be, more 
effectively or economically protected by other 
means which we shall now consider. 
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CHAPTER X 
IRRIGATION 

266. Irrigation plays so large a part in agriculture 
in India that no investigation into rural conditions 
in this country would be complete which failed to 
examine its present position and future possibi- 
lities from the agricultural point of view. The 
problems which the irrigation engineer is called 
upon to solve necessarily differ widely in dif- 
ferent parts of India, but it may be said that, in 
general, these problems fall into three main 
classes. 

In the first class, the problem is how best to 
utilise the waters of rivers without recourse to the 
construction of storage works. In some cases, this 
is possible without raising the natural level of the 
river. In others, i t  entails the construction of 
weirs. The problem is in general solved by 
conducting the water drawn off from the rivers 
along contour levels sufficiently high above the 
general level of the fields to be irrigated to permit 
the water to flow on to them by gravity. The 
irrigation canals of the Punjab supply notable 
examples of overcoming the difficulties of 
crossing secondary lines of drainage, and of so 
aligning the main courses and subsidiary channels 
that the maximum area of the country is bene- 
fitted. 

The second main division consists of the 
problems arising out of the management of the 
deltas of rivers in such a way as to combine the 
protection of cultivation from wandering rivers 
with the regular supply of water necessary to the 
full development of cultivation in these fertile 
areas. The chief examples of the successful 
solution of these problems are to be found in the 
management of the deltas of the Godavari, the 
Kistna and the Cauvery in the Madras Presidency. 
We shall have occasion to notice, later on in this 
chapter, the need for examining what can be done 
in the case of the far more difficult problems 
presented by the Ganges delta in Bengal, 

The third class of works are those in which the 
surplus water, whether theresult of monsoon rains 
or'melting snows, is stored by means of dams 
across the line of flow and released gradually as 
required for the purposes of cultivation. Some 
notable works of this character have a1read.j been 

constructed and, when the great projects now In 
progress for utilising the waters of the rivers are 
completed, it will be, in the main, only from works 
of this class that any large extension of irrigation 
may be anticipated. 

The reasons which have led to the construction 
of irrigation works vary as greatly as do the types 
of those works. In some cases, for example, in 
Sind and over large areas of the Punjab, where the 
rainfall is normally insufficient to ripen the crop, 
no cultivation is possible until schemes of irri- 
gation carry the essential water to the land. In 
other cases, as in parts of the Deccan, the rainfall, 
though normally sufficient to ripen the crop, is 
yet so precarious that without imgation there can 
be no assurance to the cultivator that his crops 
will mature. Yet again there are cases where 
irrigati0n.i~ needed more as a precaution against 
famine than as a requirement of the normal year. 
The canals in the United Provinces, Bihar and 
Orissa and the Central Provinces provide exam- 
ples of this type. 

The last general examination of the position i n  
regard to irrigation in India was carried out by the 
Indian Irrigation Commission which was 
appointed in 1901. The Report of that Commis- 
sion which appeared in 1903 was so compre- 
hensive and its recommendations so exhaustive 
that no further enquiry of a similar character has 
been considered necessary. The great develop- 
ment of irrigation which has since taken place has 
been, in the main, on the lines laid down by the 
Commission. 

267. In Chapter I, we have mentioned the 
obstacles to agricultural development consequent 
on the unequal distribution of the rainfall of India 
over the country, its frequently irregular distri- 
bution throughout the season and its liability to 
failure or serious deficiency. Except in the 
submontane tracts of the Himalayas, East Bengal, 
Assam, Lower Burma and the narrow strip 
between the Western Ghats and the Arabian Sea, 
the absolute security of the harvest throughout 
India depends on the existence of some form of 
irrigation. From time immemorial, therefore, the 
cultivators have sought to supplement and con- 
serve the rainfall by the construction of wells and 
storage reservoirs, and by bunding streams. In 
some parts of India, considerable capacity for 
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organisation was developed for this purpose as 
thephad system of irrigation which still exists in 
the Nasik and Khandesh districts of Bombay 
Presidency and the innumerable tanks in the 
Madras Presidency, many of which are 
undoubtedly of great antiquity, bear witness. 
There are some notable instances of large irri- 
gation works carried out in ancient days in India. 
The oldest and most famous of these is the Grand 
Anicut across the Cauvery in Madras which dates 
back some 1600 years and, even before the 
improvements effected in the nineteenth century, 
irrigated .over 600,000 acres. In the north, two 
canals were constructed from the Jumna; that now 
represented by the Western Jumna Canal is 
attributed to Firoz Shah in the fourteenth century 
and was renovated by Akbar in 1568 and 

remodelled by Ali Mardan Khan in 1628, which 
work on the second, which developed into the 
existing Eastern Jumna Canal, was started by 
Shah Jehan in the seventeenth century. The 
original Upper Bari Doab Canal was built by early 
rulers and brought water to Lahore and to the 
sacred tank of Amritsar. Some of the inundation 
canals taking off from the Indus are also of ancient 
date. These examples suggested the construction 
of those large perennial irrigation works which 
have been such a notable feature of British 
administration. 

The Table below shows the development of 
irrigation in British India since the year 1908-09, 
the first year in which figures for irrigation were 
recorded in the 'Agricultural Statistics of India' 
in a fairly complete form: 

\ 

Year Gross Tea Percentage increak Gross area Percenta e increase Percenta e of area 
sown or decrease imgatedt over b08-09 irrigate8 ta area 

over 1908-08 sown 
Acres Acres 

(in 000' S) (in 000's) 
1908-09 246 189 45 681 18.6 
1914-15 260'64 1 5:9 56644 10:9 19.4 
192@-21 2391202 -2.8 52:s 19 15.0 22.0 
1924-25 259 784 5.5 48 429 6.0 18.6 
1925-26 2561991 4 A 50:813 11.2 19.8 

The area imgated in 1920-21 was the largest economy of the different provinces varies greatly 
which has yet ken ram-ded- The fall in subse- from province to province as will be seen from 
quent yeais was due to the fact that timely rains, the Table given below which brings out clearly 
and especially timely winter rains, considerably its impormce in Sind, the finjab, the Nonh- 
reduce the demand for water everywhere, more 
especially in the United Provinces and the Central West Frontier Province, Madras, the United 
Provinces. Provinces and Bihar and Orissa. The figures are 

The part which irrigation plays in the rural averages of the five years 1921-22 to 1925-26: 

Rovincc Gross area of crops Percentage of area 
irrigated? (fran government irfigated to area sown 

Gross area sown and private sources) 
Acres 

(in 000's) 
Acres 

(in 000's) 
Assam 6,379 364 5.7 
Bengal 27,777 1710 6 2  
Bihar and Orissa 31,021 $386 17.4 
Bombay RE 27,764 1,092 3 9 

445 1 3,281 73.7 
Burma 17 172 1,436 8 A 
Central Rovinces and Berar 26:726 1,110 4 2  
Madras 37,691 11,208 29.7 
N.W.F. Province 2 673 919 34.4 
Punhb 30'970 13,644 44.1 
Urutcd Provinces 43:739 9,630 22.0 
Minor Administrations 807 156 19.3 

Total 257,170 49,936 19.4 

'Areas sown twice ere counted twice. t Areas sown twice under irrigation are counted twice. 
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The figures in the above Table have b&n maintained, wholly or partially, by the State are 
exmctedfrom the latest issue of the 'Agricultural given in the ~ ~ b l ~  &low, fig- in which are 
Statistics of India.' Figures for government im- 
gation svstems, that is for irrigation under works taken fK)m the 'hnual  Review of Irrigation in 
ihich have been construck.d or which are India': 

Pnwince Net area sown Area imgated Percentage of Capital cost of Percentage net Estimated 
' (average for 5 by government area irrigated government return an capi- value of crops 

years 1921-22 irrigation to total net imgation tal cost of irri- raised on areas 
to 1925-26) works (aver- area sown works to end gation works receiving State 

age for 5 years of 1925-26 (average for 5 irrigation (av- 
1921-22 to y a m  1921-22 ?rage for 5 
1925-26) to 1925-26) yean 1921-22 

to 1925-26) 
- - - - -- 

Acres Acres Rs Rs 
(in 000's) (in 000's) Lakhs Lakhs 

Ajmer Merwara 269 20 7.4 35 7; 

Bengal 23,504 100 0.4 420 -0.4 84 
Bihar and Orissa 25,222 922 ' 3.6 6.27 2.6 6.54 
Bombay Proper 27,072 433 1.6 930 1.6 5.01 

Sind 4,069 3,466 85.2 826 6.2 l0.n 
Burma 16,580 738 4.4 3.85 6.1 7,98 
Central Provinces and 
Benu 24,395 438 1.8 5.41 -0.3 2.68 
Madras 33,099 7'1% 21.7 12.47 7.6 38,62* 
N.W. F. Province 2,340 389 166 2.87 3.2 2.90 
Punjab 26,491 10,383 39.2 28,W 15.8 56.76 
United Provinces 35,399 2,473 7.0 18.30 5.2 18.06 

Total 224,522 26,581 11-8 99.84 7.4 1.50.29 

* Exclusive of the value of crops raised on same three million acrep irrigated by non-capital works. 

It will be seen that, on the average of the five 
years ending with 1925-26, 11.8 per cent of the 
entire cropped area of the country was irrigated 
by government irrigation works and that the 
collective value of crops so imgated amounted to 
one-and-a-half times the total capital expended 
on the works. 

268. The works which, between them, irrigate 
approximately fifty million acres of the land are 
classified in the statistics published by the Gov- 
ernment of India under four heads.. canals, tanks, 
wells and 'other sources.' As explained by the 
Imgation Commission, under 'canals' come all 
works of any considerable size for diverting the 
water of streams or rivers, and carrying them on 

tothe land; under 'tanks,' all works for the storage 
of water, and all natural depressions of which the 
water is used for irrigation; and under 'wells,' 
works for giving access to the subterranean sup- 
ply, or to the waters of rivers which, running deep 
below the level of the ground, have to be lifted 
vertically before they can be used for flow irri- 
gation. 'Other sources' have never been elearly 
defined but consist for the most part of temporary 
bun& for the storage of rainfall, of lift irrigation 
from rivers, and of channels from rivers and 
streams which are too small to be classed as 
canals, The areas irrigated from the different 
classes of works are given in the following Table. 
The figures are averages of the five years 1921 -22 
to 1925-26: 
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(Acres in 000's) 

Pmvince Canals Wells Tanks Other Total 
sources 

-- 

Assam 191 1 172 364 
Bengal 289 32 615 557 1,493 
Bihar and Orissa 1,812 628 1,709 1,205 5,354 
Bombay p"per 290 53 1 109 38 968 

Slnd 2.930 43 1 127 3.101 
Burma 889 18 195 299 1,401 
Central Pmvinces and Berar 946 117 (a) 46 1.109 
Madras 3.803 1,654 3,362 467 9286 
N.W.F. Pmvincc 769 89 57 915 
Punjab 9,836 3,385 15 120 13,356 
United Pmvinces 2,080 4,737 65 2.3 17 9,199 
Minor Administrations 28 88 28 144 

Total.. 23,863 11,322 6,100 5,405 46,690' 

Canals are.thus of greater importance than the 
other three classes together. Irrigation under 
tanks is most extensive in the Madras Presidency 
where there are over 35,000 of them, of which 
about 28,000 are in the ryotwari area of the 
province; of the latter about 25,000 are in charge 
of the Revenue Department and the remainder in 
chargeof the Public Works Department. The total 
area irrigated by tanks in that province is nearly 
as largeas that irrigated by canals. Well irrigation 
is most important in the United Provinces where 
it accounts for more than half the total irrigated 
area. Even in the Punjab, where the irrigation 
under tanks and 'other sources' is negligible, the 
area irrigated by wells amounts to a quarter of the 
total irrigated area. The greater part of the area 
under 'other sources' is contributed by the United 
Provinces (2.3 million acres) and by Bihar and 
Orissa (1.2 million acres). 

POSS~ULB DEVELOPMENT OFIRRIOATION UNDER CANALS 
(i) THE PUNJAB 

269. We do not propose to describe in detail the 
existing canal systems of India or the projects for 
their extension which are now in process of 
construction or are contemplated. The importance 
of irrigation to Indian agriculture is, however, so 
profound and, notwithstanding recent develop- 
ments, the possibilities of its extension are still so 
great that some mention of these projects is 
inevitable. The very brief description of the most 
important of them which is all that can here be 

given must not be regarded as in any way indi- 
cating a preference on our part for a particular 
scheme. 

Although, by the skilful utilisation of the waters 
of the Indus and of its tributaries as well as of 
those of the Jumna, the area under irrigation from 
government works in the Punjab has steadily 
increased from 2.3 million acres in 1887-88 to an 
average of 10.4 million acres from 1921-22 to 
1925-26 and vast tracts of precarious cultivation 
and even of actual desert hgve been converted into 
most fertile agricultural land, the possibilities of 
further expansion are far from exhausted. The 
Sutlej Valley project will, when completed in 
1933-34, provide perennial irrigation for two 
million acres. It will also greatly improve the 
irrigation of another three million acres which are 
at present dependent on inundation canals, that is, 
on canals which have no weirs at their head and 
the supplies in which consequently fluctwte with 
the natural water level in the river. Of the area 
under perennial irrigation, over a million-and-a- 
half acres will be in the Bahawalpur and Bikanir 
States. This is the only large project at present 
under construction in the Punjab but other great 
schemes are under consideration. The Thal 
project, if carried out even on amuch smaller scale 
than was at first contemplated, will command an 
area of nearly a million-and-a-half acres in the 
Sind Sagar Doab in the desert districts of Mian- 
wali and Muzaffargarh. The Haveli project will 
bring perennial irrigation to an area of about 



752 JOURNAL OF INDIAN SCHOOL OF POUT1CA.L ECONOMY OCT-DEC. 19W 

700,000 acres in tracts in the Jhang and Muzaf- 
fargarh districts. All these projects comprise 
weirs or barrages to raise the level of the water in 
the river bed. 

The next stage in the exploitation of the Punjab 
river system will involve the construction of 
storage works. The Irrigation Commission 
pointed out that only six per cent of the rainfall is 
utilised in artificial irrigation, and that the rivers 
carry off uselessly to the sea a volume of water 
six timer greater: on the other hand, they con- 
cluded that 'storage is so costly even in the most 
favourable circumstances that very few irrigation 
works which depend on it are remunerative.' 

The Sutlej Dam project proposes the construc- 
tion of four storage reservoirs: of which the first, 
the Bhakra Dam - 400 feet high -would impound 
112,385 million cubic feet, and add two million 
acres of rabi cultivation between the Sutlej and 
the Jumna rivers. A project for the utilisation of 
the Woollar Lake in Kashmir as a storage reser- 
voir from which to supplement the supplies in the 
three linked canals at the commencement of the 
rabi season wasprepared in 1915 but is atpresent 
in abeyance as it has not yet been possible toreach 
an agreement with the Kashmir Darbar. 

It should here be mentioned that progress with 
the Thal project has been indefinitely postponed 
pending the settlement of the dispute which has 
arisen between the governments of Bombay and 
the Punjab in regard to the further utilisation of 
the waters of the Indus. We have no comments 
to offer on the merits of the question but, in a 
subsequent paragraph, we discuss the question of 
machinery for the settlement of disputes of this 
character. 

(ii) SWD 

which is being constructed across the lndus just 
below Sukkw and which, when completed, will 
be the greatest work of its kind in the world, will 
completely change this. It is anticipated that it 
will irrigate over five million acres, of which two 
million acres are at present very unsatisfactorily 
irrigated from the existing inundation canals. We 
deal in detail with the problems presented by this 
great project in paragraph 290 and 291 below. 

(iii) THE UNITED PROVINCES 

271. The only project of importance which is 
under construction or in contemplation in the 
United Provinces is the Sarda Canal which is 
designed primarily to irrigate the Sarda-Ganges 
Doab. It is estimated that the canal will irrigate 
annually an area of about 1.7 million acres. The 
area irrigated annually by the existing canals in 
the province in a year of keen demand reaches 
n k l y  three million acres. The SardaCanal, when 
fully developed, will add over fifty per cent to that 
area and will raise the total maximum area irri- 
gated annually to close upon four-and-a-half 
million acres. 

The completion of the Sarda Canal will for all 
practical purposes mark the completion of the 
present projects of canal imgation i n  the United 
Provinces. All the principal available resources 
for perennial irrigation will then have been 
tapped. It may, at some future date, be found 
feasible to construct a Lower Sarda Canal, but, in 
the immediate future, the only openings for 
expansion lie in carrying out certain protective 
works such as supplementary storage reservoirs 
on some of the existing canals. Works of this 
character can at most add not more than two or 
three hundred thousand acres to the total canal 

270. As the agricultural problems of Sind are inigation for the province. 
entirely different from those of the remainder of 
the ~ o r n b a ~  Presidency, to which it is attached (iV)MAoa~ 
for administrative purposes, it is convenient to 
deal with it as a separate entity, The existing 272. The great irrigation systems of the Madras 
canals in Sind are entirely of the inundation type. Presidency, the Godavari, the Kistna and the 
It is only from May to Septedber, when the Indus Cauvery, differ completely in character from 
is in flood, that they provide water and then only those already described. They are, in the main, 
in fluctuating quantities. The Sukkur Barrage deltaic and the problem has been to regulate the 
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supply rather than to extend it to new areas. So 
successfully has this been done that river con- 
servancy has been achieved at the same time and 
no problems have arisen in the deltas of the 
Madras rivers analogous to those which perplex 
the engineers of Bengal, Burma and Orissa. 
Credit for this cannot, however, be entirely taken 
by the irrigation engineers; for, as they would be 
the first to admit, the character of the soil which 
derives from the uplands of the peninsula has 
made their task much easier than that which has 
been presented to. the engineers who deal with the 
soils of northern India. The works consist of weirs 
by which a sufficient head of water is obtained to 
irrigate the lands of the deltas and of sluices and 
regulators by means of which the water is con- 
ducted over these lands. By works of this char- 
acter on the Godavari, the Kistna and the Cauvery 
rivers, some 2.4 million acres of fertile deltaic 
lands have been afforded the benefits of an 
assured supply of water. There has been no great 
expansion of irrigation in these tracts since the 
Irrigation Commission reported, but there is 
undoubtedly scope for development, though on 
entirely different lines from those which have 
hitherto been followed. The only example of a 
great storage reservoir in the Madras Presidency 
at present is the Periyar system. The main feature 
of this system is the impounding, by the con- 
struction of a large dam, 3,000 feet above sea 
level, of the waters of a river which' would 
otherwise have flowed into the Arabian Sea and 
their diversion to the other side of the peninsula 
through a tunnel bored through the main 
watershed of the country. The new works under 
construction or consideration would also be 
storage reservoirs which would impound the 
waters of the great rivers of the province, their 
tributaries and other streams. They would not 
only supplement existing supplies which, even 
now, are not always sufficient for the whole of 
the area normally irrigated in the first crop season 
but would also make possible the cultivation of 
second crops which, if grown at all, are now 
grown as 'dry' crops. Such storage works are in 

reality a combination of tank and canal irrigation 
and, as they are expensive to construct, it will be 
necessary to levy a comparatively high rate for 
the water supplied to the cultivator. It is estimated 
that the Cauvery-Mettur project, which is at 
present under construction, will improve the 
supply of an area of 1.04 million acres already 
under irrigation and will bring under irrigation a 
new area of 22 1,000 acres of first crop and 90,000 
acres of second crop. It will also supplement the 
supply to an existing wet area of 80,000 acres now 
irrigated by inferior and unreliable sources of 
supply. The construction of the Cauvery-Mettur 
project was only rendered possible by an agree- 
ment with the Mysore Darbar which was re-ached 
as recently as 1924. Of the same type, but of larger 
scope, are two projects, which have long been 
under consideration, the Kistna and the Tungab- 
hadra projects. Hitherto, technical and financial 
considerations and the fact that an agreement with 
an Indian State, that of Hyderabad, in regard to 
the use of water was involved have stood in the 
way of their execution. Attention is now being 
concentrated on a revised scheme for impounding 
the waters of the Tungabhadra by the construction 
of a reservoir at Timmalapuram in the Bellary 
district. This would provide water for a wide 
extension of irrigation, mainly in the districts of 
Bellary, Anantapur andKisma; and would protect 
a large area of dry cultivation in a tract liable to 
scarcity. As in the case of the irrigation projects 
under consideration in the Punjab, we have 
mentioned these projects here merely as an 
indication of the opportunities which still exist for 
an extension of irrigation on a large scale in the 
Madras Presidency, with all the advantages that 
would thereby accrue to the agricultural popula- 
tion. We are not in a position to express any 
opinion as to the feasibility of the Kisma or the 
Tungabhadra projects either from the financial or 
the technical point of view, but w e  cannot refrain 
from pointing out the transformation which 
would be effected by the construction of the latter 
project in that part of the Madras Presidency 
which is at present Ieast immune from famine and 
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scarcity. In our opinion, however, the project WELLS ANDTAMS 

in case be proceded a 274. The figures we have given in paragraph 268 
thorough investigation has been made and a show that, after canals, wells are the most 
definite decision reached as to the suitability of important of idgation. ~h~~ vary grady 
the black cotton soil of that area for irrigation, a in consmction and apsity. They may be mere 
question on which the evidence before us showed holes in ground, masonry smctms 
that there was considerable difference of opinion. of width and considerable depth, or tubes of 

A much smaller project for utilising Part of the small bore, from which, by power pumping, large 
supplies available from the Tungabhadra river is supplies of water can be obtained continuously 
atpresent under consideration. This istheBellary throughout the yea.  WeUs of the first of these 
West project which would bring under irrigation types may irrigate an acre or two in their imme- 
an area of 57.600 acres in the Bellar~ district. A diatevicinity , wells of the last may havea capacity 
larger project, the Upper Bhavani project, which of 35,000 gallons an hour and may irrigate as 
provides for the irrigation of 1 10,000 acres of first much as 150 acres in addition to affording pro- 
crop and 60,000 acres of second crop in the tection to another 100 acres. Between the two 
Coimbatore district, a tract which needs protec- extremes come masonry wells in the floor of 
tion, deserves mention here as i t  marks a new which perforated pipes have been sunk which tap 
departure in irrigation in Madras. It is primarily largely increased supplies, often at no great depth. 
designed for the irrigation of dry crops, insteadof Wells of this type have been most successful in 
rice which is much the most important crop grown the United Provinces. In Madras, small welIs, 
under irrigation in Madras. sunk for the purpose of supplementing irrigation 

from tanks the supply of which is precarious, are 
(v) THE BOMBAY PRESIDENCY PROPER very common. 

273. In fie Bombay Residency proper, irrigation The tp used is largely 
by canals is confined to the Deccan and (on a very the geological f~llYlation and the conditions for 
small scale) to Gujamt. The most important successful well-sinking are generally far more 
works are of the reservoir type in which Bombay favourable in northern than' in peninsular India. 
led the way. The Khadak Wasla Dam across the This is specially true of tube wells. Notwith- 
Mutha river, ten miles above Poona, was com- standing the differences in the local conditions, 
pletedin 1879 and was the first of itskind in India. there is no province in India in which well 
The total area irrigated from government works irrigation might not be largely extended with 
in the Bombay Presidency proper is only about advantage. 
450,000 acres and as the works were, in the main, 'ranks, like wells, comprise a gat diversity of 
designed for protective Purposes, there is, with works, varying from storage reservoirs the dis- 
very few exceptions, a heavy annual loss on theii ~butary from which irrigate several 
working. Financial considerations, thkrefore, thoumnd acres to works which irrigate a acres 
seriously limit the possibilities of extending MIIY. OCEBSiOna,,Y they as regularors and works of this class. This is the more unfortunate storage resen= for canals, and sometimes their 
as the rainfall of the Western Ghats which they 
utilise is unfailing. Such opportunities of exten- purpose is to maintain the water level in the wells 
sion as present themselves are, however, receiv- in their hmediate neighbourhood. The larger 
ing due attention. A new dam, the Lloyd Dam at ~ ~ k s  are, with v w  few exceptions, government 
Bhatgar, which we visited in the autumn of 1926, works as are the ~ U ~ e r o u s  small tanks in the 
and the subsidiary canals are designed to protect ~otwari areas of Madras and in Bombay. Else- 
three talukas in the Sholapw district, which are where, the smaller tanks are, for the most part, 
specially liable to famine, and also to improve owned by village communities and by private 
existing irrigation. individuals. 



VOL. 6 NO. 4 ROYAL COMMISSION ON AGRICULTURE IN INLVA 755 

provincial governments to undertake protective 
275. In our questionnaire, we specially invited schemes of irrigation. Prior to 1919, irrigation 
suggestions for new irrigation schemes and for works were, from the point of view of their 
the- extension or improvement of existing financial results, divided into three classes: 
schemes. We also asked for mention of any loca 'productive works,' the capia outlay on which 
obstacles to the promotion of imgation by canals, had been sanctioned against loan funds in 
tanks and wells and for opinions as to whether the 
existing methods of distributing canal water to ex~cut ion that the works would prove 
cultivators gave satisfaction.- The views remunerative; 'protective works' which were not 
expressed by witnesses were not confined to these considered likely to fulfil the conditions of a 
subjects and, as our enquiry progressed* other productive work but which were sanctioned 
matters assumed importance. 

We have already explained the circumstances against the Famine Fund on the ground of their 
in which we refrain from comment on the sug- protective value; and 'minor works,' outlay on 
gestions we received in regard to new irrigation which was met from general revenues and which 
schemes and the improvement of existing included all works which were not classed as 
schemes. The technical advisers of the provincial productive or protective. Protective worh wen 
governments are in a far better position than we 
are to pronounce on the feasibility of these sug- thus financed from the general revenues of the 
sestions and we trust that they will receive due country. After the great famine of 1877-78, it was 
consideration. In these circuhstances, we have decided to set apart every year a sum of Rs 150 
only one recommendation to make under this lakh. known as the Famine Relief and Insurance 
head. It appears to us that no sufficient provision Fund, for mine relief, the conslluction of pro- 
has anywhere been made for a systematic review 
of in regard to ouwanding irrigation tective works, and the avoidance and reduction of 
projects. For financial or other adequate reasons, debt. Of this amount, one-half, or Rs 75 lakh, was 
it may be impossible to proceed with a scheme, to be allotted to protective railways and canals; 
however promising, when it is first worked Out. the charp on the on account of prowtive 
We consider that, until a definite decision to take railways, however, ceased to be imposed and the 
no further action has been reached, the scheme 
shouldbeperiodicallyreviewed by the provincial the Rs 75 lakh became for 
Government. If this is done, any change in irrigation works. In 1910, the allotment was 
circumsktnces which makes it feasible to proceed found to be insufficient for the Droeramme of " 
with it will be brought to notice. If a definite ,construction tbn contemplated and the Secretary 
decision is reached to take no further action by 
the State, a public announcement should be made of State sanctioned the provision of an annual 
of the reasons which have led Government not to subsidy not exceeding R s  25 Iakh forthe~urpOg. 
proceed with the scheme. The full allotment of Rs 100 lakh was, however, 

E X ~ S I O N  OP PROTECTIVE IRRIGATION 
never worked up to; Rs 86 lakh were spent in 
1913-14 and Rs 84 lakh in 1914-15, after which 

276. AS the result of the constitutional changes expenditure was restricted owing to &cum- 
which followed on the passing of the Government smces out of the war. ~h~ 
of India Act of 19 19, irrigation, with certain of lhis amount was the Principles laid limitati ns which will be mentioned later, became 
a provin $ ial subject adininistered by the reserved down by the Imgation Commission. The Com- 
side of the local government. This alteration in mission considered that, in general, it would be 
the constitutional position removed the pre- permissible to spend up to three times its direct 
viously existing restrictions on the powers of the 'protective' value of each acre irrigated, worked 
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out by a formula' which they suggested, to which 
might be added the capitalised value of the net 
revenue anticipated from each such acre, in 
payment of the water provided. The sum of these 
items was the so-called 'permissible capital out- 
lay per acre' and, in the case of every protective 
work submitted for sanction, it had to be shown 
that the permissible outlay would not be exce- 
eded. The restrictions thus imposed were 
removed on the introduction of the Reforms. In 
cases in which local governments are unable to 
finance protective schemes of irrigation from 
current revenues or from the Famine Insurance 
Fund which, under the Devolution Rules, they are 
bound to maintain, it is open to them to raise the 
funds required by loan provided that, if the project 
appears to the Governor General in Council to be 
one which is unlikely to yield a return of not less 
than such percentage as he may from time to time 
prescribe, arrangements are made for the amor- 
tisation of the debt. We trust that the recent 
relaxation of the rules on this point will' 
encourage, so far as the financial situation may 
allow, the construction of further protective 
works. 

277. The evidence we received did not establish 
the existence of serious dissatisfaction amongst 
cultivators with the present method of distributing 
water. It is true that we received complaints in 
regard to short supplies, arbitrary withdrawal of 
supplies and the like, but, in a business so 
extensive as the distribution of water in India has 
become, isolated complaints of this character are 
to be expected and are not i n  themselves sufficient 

to show that the system of distribution generally 
is at fault. We have, however, examined the 
question in some detail as it has an important 
bearing on the subject matter of our enquiries. 

That there is an enormous waste of water by the 
cultivator in the canal-irrigated tracts of India is 
universally admitted. It has been estimated that 
the amount of excess water applied to crops such 
as wheat in northern India is from thirty to fifty 
per cent. The contrast in this respect between land 
irrigated by canals and land irrigated by wells is 
very striking. The waste of canal water is usually 
attributed to the fact that, when the cultivator lifts 
water from a well, he realises that he is paying in 
time and labour for every gallon he uses; when he 
irrigates his land from a canal, the water is 
provided for him and he pays not by the amount 
he uses but by the area he irrigates or, in the 
Punjab, by the area of the crop matured. He has, 
therefore, little incentive to economise water and 
to see that i t  is not wastedbetween the government 
channel and his fields. This is not, however, the 
whole explanation. No small proportion of the 
wastage is due to uncertainty of supply. With a 
well, the cultivator has the source of supply 
entirely at his disposal and can, without risk, give 
a light watering if he considers that is all that is 
required; with canal irrigation, he often does not 
know definitely when the next watering will be 
possible; he, therefore, applies water in large 
quantities, in the hope that this will tide him over 
the period of unknown length during which it i s  
not obtainable. Unfortunately, the evil effects of 
this uneconomic use of water are not confined to 
the wastage of water which could be used more 
profitably elsewhere; they often extend to definite 
damage to the soil. The marked deterioration of 
some ten per cent of the total area commanded by 
the Deccan canals in the Bombay Residency must 

'the formuia suggested was : 
C 

Where X = The direct protective value of an irrigated acre, or the capitalised value, at 25 years' purchase, of the saving 
in average annual cost of famine which will be effected by every acre b p g h t  under irrigation. 

F = Estimated total a t  of famine in the given tract for a period of 25 years, or quarter of a century. 
P = Population of the tract. with necessary addition for prospective increase. 
n = Area in acres which should be protected by irrigation for each head of the population. 
a = Area in acres already protected. 

The coefficient 'n' was a variable one in each tract, but the Commissian held that in insecure tracts, it would probably 
nmer be leas than 0.3 or more than 0.5 and that other things being equal such as the character of the cultivation and the n a l w  
of the staple crops, the value of 'n' should diminish as the area normally cropped per head of population increased. 
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largely be attributed to this cause. 
The problem of preventing this waste of water, 

of securing greater certainty to the cultivator as 
to the supply he will receive and of relieving him 
from any harassment and interference from the 
staff which records his irrigation has long 
engaged the attention of irrigation experts in 
India. The view taken by the Indian Irrigation 
Commission was that it would be a great advan- 
tage both to the Government and the cultivators, 
if the latter could be induced to take over their 
supplies at the outlets, to arrange all details of 
internal distribution between themselves and to 
relieve the canal administration of all further 
responsibility and of the great expense of 
recording the details of the irrigation and of 
making the final measurements and assessments. 
Their general conclusion was, however, that the 
system of charging by volume could not, in spite 
of all its advantages, be safely introduced in India 
until a system of distribution by modules of the 
type which it might be proposed to use had been 
in force for a time sufficiently long to enable the 
people to understand what was proposed. They 
held that, even then, the change in the system of 
assessment should not be forced but should be 
introduced gradually, as the people learned to 
appreciate its advantages. They added that it was 
an end to be aimed at and that irrigation officers 
should be encouraged to design and experiment 
on modules which would be suited to the condi- 
tions to be met with in practice, until the work of 
distribution could be carried out with all the 
regularity and certainty which were essential to 
the success of any scheme of charging by volume. 

We have quoted the views of the Irrigation 
Commission on this point at length as they mark 
the starting point of investigations into the pos- 
sibility of more scientific and equitable distribu- 
tion of water which appear, in the Punjab and 
Bombay, to have crystallised into scepticism on 
the part of the engineers as to the possibility of 
the sale of water by volume. It was represented 
to us that assessment at volumetric rates instead 
of by areas irrigated, though advantageous to the 
big cultivator, is quite unsuited to the interests of 
the smaller men; that no reduction in staff or in 
working expenses would be secured by its 

adoption; that no meter is yet obtainable at rea- 
sonable cost which will give measurements as 
accurate as measurements by area; that there is no 
meter which cannot be tampered with, so that, 
with quantity measurements, the temptation to 
dishonesty would be enormously greater than 
with area measurements; that the charges for 
water would not be in proportion to the profits of 
the cultivators which have hitherto been consid- 
ered the fair basis for assessment; and, finally, that 
the staff would lose touch with the conditions of 
the cultivators and their difficulties and that 
irregular practices due to laziness and dishonesty 
would arise which would reduce the general 
efficiency and cause damage in adjoining areas. 

We fully admit the force of these objections but, 
none the less, we feel that it is impossible to hold 
that the system of sale of water by volume has yet 
received the fair trial which alone can determine 
whether it is worthy of adoption on its merits. The 
suggestion was made to us that, if the cultivators 
could be induced to experiment roughly for 
themselves, progress in the solution of what is 
unquestionably a most complicated problem 
would be more rapid. Suitable meters might be 
installed on each outlet of one or more channels 
and water charged for on one outlet by volume 
and on the next by area. The figures obtained 
should prove very useful and worth the expense 
involved, especially as the cultivator who paid by 
volume should speedily develop economical 
methods, and a comparison of his crops with those 
of his neighbours should indicate whether 
excessive irrigation not only means loss of water 
but also actual damage to the growing crop. We 
consider that this view has much to commend it 
and that further investigation and experiment are 
eminently desirable, both in the Punjab and 
elsewhere, before a final decision against the sale 
of water by volume is reached. 

The scepticism of irrigation engineers in regard 
to the sale of water by volume does not mean that 
no progress has been made in recent years in the 
improvement of the system of dishbution. This 
is far from the case. Every distributary in the 
Punjab has been, or is being, fitted with a meter 
so that the exact amount of water passed into the 
distributary is known. The meter functions with 
a module, which is an apparatus designed to fix 
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the proportion of water taken h m  the canal and 
to give as even a distribution as possible from the 
head to the tail, independently of any rise or fall 
in the level of the water in the canal. By this 
means, considerable economy of supply has been 
effected, enabling irrigation to be extended to 
areas for which water was not previously avail- 
able, and the opportunities for harassment and 
interference by the subordinate staff have been 
greatly reduced. It is held that the new system 
inspires confidence in the cultivator, especially in 
the small man, but there is one respect in which 
there appears reason to doubt this. Even under 
the area system of distribution, there are some 
cultivators who make their water go much further 
than others. It was represented to us that the good 
cultivator who utilises his water in the irrigation 
of a larger area than his neighbour is promptly 
penalised by a reduction in the capacity of his 
outlet. It would appear obvious that, once the 
cultivator is aware that he will not be permitted 
retain the benefit of an economical use of water, 
he ceases to have any incentive to economy. It 
was stated in evidence that the saving of water 
thus effected might enable the cultivators at the 
tail end of a distributary to receive water of which 
they would otherwise be deprived and that the 
Irrigation Department has an obligation to fulfil 
its responsibilities to these cultivators by every 
means possible. We agree that this is a strong 
argument for the economical use of water in 
general, but we are unable to accept it as justifi- 
cation for reduction of supply to aspecially skilful 
cultivator. If savings are to be effected, it is the 
careless and wasteful user of water who should 
first be penalised. We are of opinion, therefore, 
that the cultivator should be regarded as having a 
right toanoutletofadefiniteand uniform capacity 
in proportion to his area and that no reduction in 
this capacity should be made in  any individual 
case solely because it is found that a larger area 
is irrigated than that for which the outlet was 
designed. 

278. As regards the agency of distribution, we can 
see no advantage in the proposal made to us by 
several witnesses that this shauld be transferred 

from the irrigation to the agricultural depart- 
ments. Closer co-operation between the two 
departments in this and other matters is no doubt 
very desirable and we recur to this point later, but 
the acceptance of this suggestion would involve 
the diversion of the agricultural departments from 
their legitimate functions to work for which they 
are wholly unfitted. As between govemment and 
private agency, we are of opinion that there is at 
present no practical alternative to the system of 
govemment control over distribution down to the 
field distributaries. The question of agency is 
closely linked with that of methods of distribution 
and, as we have already indicated, there can be 
littl-edoubt that the general introduction of the sale 
of water by volume would greatly facilitate the 
substitution of private for official management of 
the minor distributaries. Co-operative action in 
this respect has so far made little headway. One 
instance in which the co-operative distribution of 
water on an acreage basis- on the Nira Canal in 
the Bombay Deccan by cultivators i n  fie village 
of Malegaon- has proved successful was brought 
to our notice in the Bombay Presidency. Irriga- 
tion panchayats for the management of minor 
irrigation works and of branch channels have in 
some instances worked with fair success in 
Madras and the possibilities of the panchayat 
system for the control of field distributaries were 
hopefully spoken of, on the basis of recent 
experience, by a Chief Engineer for Irrigation in 
the Punjab. It is important that the real obstacle 
to entrusting the distribution of water to private 
agency should be clearly grasped. It is not the 
lack of facilities to measure water accurately and 
to control supplies to distributaries from canals 
and their main branches. Meters and modules 
have been devised which are held to measure and 
control water in  a satisfactory manner. The 
fundamental obstacle is the attitude of the culti- 
vator himself. Water is so vital a need to him that 
heis not atpresent prepared to entrust his interests 
in this matter to the decision of his fellows. The 
formation of irrigation panchayats for the man- 
agement of field distributaries points the way and 
it is collective action in this limited sphere which 
will best develop the mutual confidence neces- 
sary for the successful management of the larger 
distributaries. The progress of education, and the 
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experience gained in other directions, such as the started in 1920 as a Drainage Board, has been 
communal management of forests and the co- responsible for various minor irrigation works in 
operative supply of credit, should also play their the course of its work of supervising or co- 
part in rendering the distribution of water by ordinating operations for the prevention or cure 
private agency possible. of waterlogging. 

We are of opinion that much could be done to 
MINOR WORKS promote the development of minor works, if the 
279. The figures we have given in this chapter of the Government were fol- 
have shown the importance to the cultivator of the lowed in provinces, and we 'Iso 
smaller storage works and of 'other sources' of Suggest that the operations in Bombay should be 
irrigation. we do not consider that the con- extended to districts outside the insecure O'kcts. 
struction,preservation and improvement of these In Our view, an agency is wanted, to which the 
minor works have, in the past, the cultivator who wishes to improve his land by 
attention from Government which that impor- utilising the natural sources of water supply can 
tance justifies. TO only one instance, we turn for technical advice and assistance. This 
wen informed by the Secretary for Irrigation to agency should not wait for the cultivator to 
the Government of the United Provinces, that consult it, but should go to him and urge him to 
there was endless scope for small tank schemes adopt the scheme best calculated to utilise his 
in that province. In Madras, the fact that over available water to the advantage- 
wide areas the only source of irrigation is the The personnel should regard its function as edu- 
conservation of the annual rainfall has ensured cative rather than purely advisory. The m a s  
that due attention is paid by Government to works System does not provide such a staff, but there is 
of this character. Up to date, nearly a crore- probably less scope for the ~onstruction of small 
and-a-half of rupees have been spent on the private irrigation works in the ~ 0 W f J r i  tracts of 
restoration of tanks. In that province, all that province than there is elsewhere. Had such 
government works irrigating less than 200 acres, advice and assistance been available in the Past, 
except such as for special reasons have been it is probable, to say the least, that many taccavi 
transferred to the charge of the Public Works loans to cultivators for land improvement would 
Department, are in charge of a 'Minor Irrigation havebeen utilised to better purpose than they have 
Department' which works under the Collector of been. 
the district and is, in effect, a subordinate branch We refrain from proposing detailed arrange- 
of the Revenue Depment.  The maintenance of ments for giving effect to our recommendations 
minor irrigation works by the Revenue Depart- under this head as we apprehend that a suggestion 
ment is, as a rule, limited to the repair of masonry for the formation of a separate Minor Irrigation 
and earth work and the reconstruction of damaged Department might give rise to administrative 
works. If anything beyond this is required, the difficulties. The object we have in view would 
assistance of the Public Works Department is be achieved if, in each province, one or more 
invoked. In Bombay, special attention has otficers with suitable subordinate staff were made 
recently been paid to this subject and, in 1925, a directly responsible for the investigation of the 
superintending engineer was placed on special possibilities of small irrigation works and for 
duty 'to investigate natural resources for the advising and assisting the cultivators in regard to 
protection of lands from famine' for which pur- all questions connected with such works. Special 
pose he was given a staff of three assistant attention should be devoted to the formation and 
engineersandeightsurvey parties. Hisoperations assistance of co-operative irrigation societies for 
are, however, confined to the insecure tracts of the construction of small works and for keeping 
the Bombay Presidency, except that two subor- existing works in proper order by the removal of 
dinates have been placed under his orders to give silt and the repairs of embankments. The officer 
advice to cultivators outside those tracts. In the or officers entrusted with these duties would 
Punjab, a Rural Sanitary Board which was first ordinarily be selected from the Irrigation Branch 
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of the Indian Service of Engineers. It is essential boring equipment being b r n e  by ~overnment. 
that the work should be done in the closest The following figures have been supplied to us 
association with both the revenue and agricultural by the Director of Agriculture, United Provinces, 
departments. In thus recommending the forma- as giving 'a reasonably accurate estimate of the 
tion of a special agency within the provincial 'all in cost' of a 15 inch strainer tube well and 
irrigation departments to deal with the pumping plant giving 35,000 gallons of water per 
investigation and construction of minor works, it hour' : 
is far from our intention in any way to criticise Rs 
those departments for any failure in this respect (i) Paid by landholder 8,Ooo 
in the past. Where small schemes possessing no (ii) Overhead charges borne by 4,987 
engineering features of interest have to compete Government (1926) 
for attention with important projects presenting (iii) Depreciation (ten per cent) and 900 
problems which demand the highest professional interest (six per cent) on capital 
qualities for their solution, it is both natural and invested in boring equipment 
proper that they should take the second place. In 
these circumstances, we are persuaded that it is T~US,  towards the expenditure of a well costing 
only by making minor works the definite in round figures Rs 14,000, Government con- 
responsibility of a special agency that they will tribute about Rs 6,000. In addition to the assis- 
receive the attention to which their value to the tance thus given, zamindars, who undertake to 
cultivator, especially to the smaller man, entitles multiply seed for Government or to lease land to 
them. Government for demonst~ation purposes, may 

receive, in special cases, grants-in-aid up to a 
TUBE WELLS maximum of Rs 3,000. We understand, that, in 
280. Irrigation from tube wells is a comparatively practice, such grants are invariably applied for 
recent development in India. There were few such and are given at the maximum rate- 
wells in existence when the Indian Irrigation The main points for examination in connection 
Commission reported. Wells of this type are with tube wells are three innumber, the conditions 
almost entirely in private ownership and, except under which they Can be regarded as a paying 
in the United Provinces, are privately financed, proposition, the degree of responsibility which 
though a loan under theLand Improvement Loans Government should assume for their construction 
Act may be given for their construction. Tech- and the department of Government which should 
nical advice and assistance are, however, freely be charged with that responsibility. 
given by the government department concerned The point at which the cost of sinking and 
and the well is, in fact, usually installed by that operating a tube well becomes such that the 
department subject to the payment of moderate undertaking ceases to be profitable is obviously 
fees for the services it renders. In Madras, not a fixed one, but must vary, not only with the 
pumping and boring operations have been firstcost of sinking the wel1,butalso with the flow 
entrusted to the Department of Industries and, in of water per hour, the character and extent of 
the Central Provinces, to the Public Works ground irrigable, the nature of the crops grown 
Department; in other provinces they are in the and the marketing facilities which are available. 
charge of the Agricultural Department. All that can be said with confidence, in present 

The assistance given in the United Provinces in conditions, is that irrigation from tube wells is 
the construction of tube wells goes much further never cheap as compared with canal irrigation, 
than that described above. In that province, the The Director of Agriculture in the United Prov- 
landholder pays the cost price of the actual inces informed us that it does not pay unless 
material left in his possession on the completion intensive cultivation is adopted and unless a 
of the work, that is, for the tube, the engine and valuable crop such as sugarcane, potatoes or 
pumping plant, all overhead charges and depre- tobaccoisgrown. Headdedthatitis notabusiness 
ciation and interest on the capital invested in the proposition to irrigate only wheat or other rabi 
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crops grown on the indigenous system, with 
yields of fifteen maundr per acre, except in cases 
in which the discharge is high and the lift low. 
We consider that a landholder is entitled to obtain 
from the Agricultural Department sufficiently 
definite information to enable him to decide 
whether, if water is found at a certain depth and 
with a certain minimum discharge at the surface, 
it will pay him, in the local conditions of soil and 
of marketing facilities, to install such a well. The 
department entrusted with the charge of pumping 
and boring operations should make detailed 
investigations with a view to the collection of this 
information. These investigations should include 
a systematic survey of the subsoil water supplies. 

The degree of responsibility which should be 
assumed by Government for the development of 
tube well irrigation shouldbe limited to the supply 
of the economic data just mentioned and of expert 
advice, to the provision of finance, where 
required, on the taccavi system and to placing at 
the disposal of the landholder, on payment of a 
reasonable fee, the boring equipment and skilled 
labour required. We can see no justification for 
the system of subsidies which has been adopted 
in the United Provinces and recommend that it 
should be terminated. In so far as the subsidy may 
have served to popularise tube wells, we are of 
opinion that more satisfactory results would have 
been obtained if the work had been undertaken 
directly by the Agricultural Department. If the 
wells had been sunk in typical areas and utilised 
for intensive cultivation under the close super- 
vision of the department, it would now be in a 
position to supply the data on the absence of which 
we have commented. The benefits of the subsidy 
have so far been entirely confined to the large 
landholder. If the wells had been operated as we 
have suggested, under the supervision of officers 
whose business it would have been to supply 
information to all enquiries, this might have led 
to developments in the direction of co-operative 
action which would have assisted the small cul- 
tivator. We would mention that the Punjab 
Government have recently approved a scheme for 
the installation of an experimental battery of 
sixteen tube wells, operated by one prime mover, 
which will irrigate an area of 6,400 acres. This 
scheme, when it comes to operation, should throw 

much valuable light on the economics of tube well 
irrigation. 

The equipment required for pumping and bor- 
ing operations is at present provided by Gov- 
ernment and in tracts in which the scope of tube 
wells is limited or in which they are still a novelty, 
this must, we think, continue to be the case for 
some time to come. But in areas such as those in 
the United Provinces in which wells are being 
sunk in increasing numbers, private enterprise 
should not be discouraged by government com- 
petition in the manufacture of the plant, in hiring 
it out and in the provision of the skilled staff 
required to operate it and to effect repairs when 
necessary. Government cannot undertake 
responsibilities of this kind for an indefinite 
period and on an ever increasing scale. The limits 
of justifiable pioneering enterprise in this respect 
appear to us to have been already exceeded in the 
United Provinces. Even in areas in which tube 
wells are not at present ingreat demand, the longer 
the transfer to private enterprise is postponed, the 
more difficult it will eventually prove. 

Except in Madras and the Central Provinces, the 
Agricultural Department is the department which 
is responsible for pumping and boring operations. 
Apart from the fact that the agricultural engineers 
in the UnitedProvinces and the Punjab have given 
special attention to the design and the technique 
of sinking tube wells and to the manufacture of 
the plant required, we consider that it is the 
department which is best fitted to undertake the 
work. The greatest incentive to private enterprise 
in sinking tube wells obviously exists in areas 
which have not thebenefit of canal imgation, that 
is, in tracts outside the normal operations of the 
Irrigation Department which would not, there- 
fore, be in a position satisfactorily to supervise 
their construction and working. At the same time, 
it should be mentioned that the winking of tube 
wells in waterlogged areas is often the most 
appropriate method of lowering the subsoil water. 
Again, the question whether, in any locality, a 
tube well is likely to prove a paying proposition 
depends, in part, on the depth from which the 
subsoil water has to be lifted and, in part, on the 
agricultural possibilities of the land to be imgated 
and the marketing facilities available in the 
neighbourhood. There are matters in regard to 
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which the Agricultural Department and its agri- 
cultural engineers are in the best position to 
advise. We would here reiterate the view already 
expressed in paragraph 106, Chapter IV, that, 
where pumping and boring operations are in 
progress in any province on a considerable scale, 
a separate branch of the engineering section of the 
Agricultural Department should be constituted 
which would concentrate on them alone, [Chapter 
IV, paragraph 106, not given in this documenta- 
tion]. 

281. There has, on the whole, been little or no 
expansion in the area under well irrigation since 
the Irrigation Commission reported, as the figures 
in Appendix VII show. Thearea irrigated by wells 
in British Indiain 1902-03 was 1 1.6 million acres; 
in 1925-26, it was 1 1.7 million acres. There were 
great fluctuations in the intervening period and 
the immense value of wells in years of drought is 
shown by the figures for the bad years, 1907-08, 
1918-19 and 1920-21, in each of which the area 
irrigated by wells was over 14 million acres. The 
figures include those for tube wells, but the area 
under these is too small to affect them appreci- 
ably. The figures hardly give a true impression. 
Where there has been extensive construction of 
canals, these have superseded wells in several 
areas, the cost of irrigation from canals' being but 
a fraction of that from wells? This is specially 
true of the punjab.' Even when the expansion of 
canal irrigation, which has rendered wells 
unnecessary in large areas, is taken into consid- 
eration, i t  is disappointing that so little progress 
in sinking ordinary wells should have been made 
since the beginning of this century. Difficulties 
andcost of construction, the tenure on which land 
is held, the fragmentation of holdings, disputes 
amongst co-sharers, the uncertain return on the 
money invested and the power available for lifting 

water have all, either singly or in combination, 
proved limiting factors in this respect. Lack of 
water is rarely an obstacle in the alluvial tracts of 
the north; in peninsular India, it is often a diffi- 
culty. 

The construction of wells is essentially a matter 
for private enterprise, but there are many ways in 
which the agricultural and irrigation departments 
can help the landholder. The agency for minor 
irrigation works which we have recommended in 
paragraph 279, the agency for research into irri- 
gation problems which we propose in paragraph 
287 and the branch of the engineering section of 
the Agricultural Department which, under our 
suggestions in paragraph 106, Chapter IV, would 
deal with water-lifts should all be able to give the 
cultivator substantial assistance in the appropriate 
direction, [Chapter IV, paragraph 106, not given 
in this documentation]. Much useful work can be 
done in investigating the methods of constructing 
and of lining wells most suitable to his conditions. 
The systematic surveys of subsoil water supplies, 
which we have recommended in the preceding 
paragraph, will enable advice to be given him in 
regard to the probabilities of finding water. The 
agricultural engineer should be able to work out 
for him the cheapest and most efficient method 
of raising water when it has been found. If 
assistance is given in these ways, any reluctance 
to sink wells which arises from uncertainties as 
to whether they will pay or from lack of skill in 
constructing them should be overcome. Diffi- 
culties will still remain. Where holdings are very 
small, the cost of construction of a well may prove 
out of all proportion to the benefits to be derived 
from it by the individual cultivator. The only 
remedy in such circumstances lies in sharing the 
cost of construction amongst a number of small 
holders, but the risk of disputes is likely to prove 
a deterrent to joint action. The difficulty might 
be overcome by the formation of a small co- 
operative society for the sinking and working of 
the well. An increase in the number of ordinary 

- 

*About Rs 3-8 per acre. 
$About Rs 22 per acre. 
$Area irrigated from wells in thebjab: 

Acres 
1%8-69 4,612,000 
1918-19 3,829,000 
1 !326-27 3,484,000 

'he decline is due to the extension of canal irrigation to tracts formerly dependent on wells. 
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wells is so desirable that we consider that every 
effort should be made to encourage the formation 
of such societies. It is a matter for regret that, in 
some parts of India, the number of abandoned 
wells is large. In tracts such as the Bombay 
Deccan, thisis doubtless due toa fall in the subsoil 
water level which has made the working of wells 
unprofitable; but, in general, the abandonment of 
wells would seem to be due to fragmentation of 
holdings and disputes in regard to the division of 
the supply. We would suggest that, in tracts where 
the number of abandoned wells is at all numerous, 
a special enquily should be made by the Revenue 
Department into the reasons why the wells have 
fallen into disuse with a view to ascertaining 
whether the difficulties can be removed. 

OTHER SOURCES 

282. As has already been explained in paragraph 
268, the other sources of irrigation are of very 
various kinds. Although, in the aggregate, over 
ten per cent of the total irrigated area is irrigated 
from these sources and they are thus of great 
importance to cultivation, each individual work 
is usually quite small. There is great scope, we 
consider, for extending works of this character 
and also for increasing the efficiency of those 
already constructed. We trust that this develop- 
ment will be assisted by the wggestions made in 
paragraph 279 for the extension of minor works 
generay, of which these 'other sources' form an 
important part. 

We desire, in particular, todraw attention in this 
connection to the possibilities of extending irri- 
gation from small streams by means of power- 
driven pumps ?laced on the banks, or on 
temporary stages or floats where the permanent 
bank is at some distance from the water. We 
consider that this source of irrigation provides 
opportunities for fully protecting the harvest over 
many thousands of acres. Failure to turn these 
opportunities to account in the past has probably 
been due to several causes, amongst others, to the 
difficulties of securing suitablepumps, especially 
pumps combining a low lift with a high dis- 
charging capacity, the general lack of knowledge 
how tomanage them and of facilities for effecting 
repairs, the cost of installation which places them 
beyond the reach af the small cultivator, unless 

he is able to Combine with his neighbours, and the 
obvious difficulties of such combination. The 
difficulty of combination is probably the most 
serious and can, we think, be best overcome by 
the formation of co-operative societies, the 
encouragement of which we have urged in the 
preceding paragraph in the case of ordinary wells. 
But there is also a wide field of opportunity for 
,the branch of the agricultural engineering section, 
which will be responsible for pumping operations 
under the suggestions made by us in Chapter IV, 
to devise cheap and efficient pumps with suitable 
staging or floating platforms, where these are 
required to mount them and to induce private 
enterprise to undertake their multiplication and 
the establishment of a repairing service for them, 
[Chapter IV not given in this documentation]. 

RELATIONS BEWEEN THE AGRICULTURAL AND 
THE IRRIGATION DEPARTMENTS 

283. In its administrative aspect, irrigation pres- 
ents in a marked degree the problem of co- 
orditlating satisfactorily the relations between 
two highly skilled services of technical officers. 
The raison d'&tre of the Irrigation Department is 
to assist the agriculturist by ~roviding an assured 
supply of water. Each scheme of irrigation 
presents its own special agricultural problems. It 
might be thought, therefore, that no new project 
would be initiated by the Irrigation Department 
without the fullest consultation with the Agri- 
cultural Department both in regard to the suit- 
ability of the soil for irrigation, including the 
conformation of the subsoil, the nature of the 
crops that would be grown and the chmcter of 
the supply that would be required for them. Such 
preliminary consultations do not, however, 
appear to be the universal practice. We were 
informed by the Director of Agriculture, Madras, 
that he and his department had no contact what- 
ever with the Irrigation Department. Dr. Mann, 
the late Director of Agriculture, Bombay, 
expressed adesire for closer relations between the 
two departments. On the other hand, the directors 
of agriculture in the Punjab, the United Provinces 
and the Central Provinces declared themselves 
satisfied with the degree of contact maintained 
between the two departments which, however, is 
of a personal character and owes little or nothing 
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to official organisation directed to that end. Yet inclusion of new subjects and it may be found 
it is from the Punjab that there comes a striking undesirable to add to it even a short course of 
illustration of the need for consultation of the kind lectures in irrigation especially if any effort is 
here contemplated. Two years after the coloni- made, as it should be, to give the student a 
sation of the Lower Bari Doab canal was practical insight into the workings of the irrigation 
commenced, a soil survey revealed the fact that system of the province. The institution of a short 
the area of culturable land was very considerably post-graduate or p o s t - c e ~ i c a ~  course in irri- 
less than that which had been originally antici- gation will, therefore, in all probability be found 
pated. While we agree with the view that suc- preferable. This course would be open to all 
cessful co-operation between any two students but would be compulsory for junior 
departments must depend in very large measure officers of the agricultural departments. It would 
on the personality of the heads of those depart- beconfined toanexpositionof the salient features 
ments, we are of opinion that the existence of of the irrigation systems of the province, their 
formal official orders stressing the necessity of problems and potentialities, the methods-of dis- 
such co-operation would be salutary. Orders tribution of water and the ways m whlch the 
directing that the views of the Director of Agri- agricu~tural officer can assist the irrigation 
culture must be obtained at an early stage on the engineer. The irrigation engineer, on the other 
agricultural aspect of all new irrigation schemes hand, would be expected to acquaint himself with 
would serve as a reminder to both departments of the agricultural aspect of the soils of the province, 
theneed for that close co-operation between them the nature and requirements of the crops grown 
which alone can secure the adequate discharge of under imgation and the agricultural practices of 
their responsibilities to the agricultural cornmu- the cultivators in  the imgated tracts. If care is 
nity. taken to select suitable instructors, much could be 

We are further of opinion that, when there is learnt in a short course modelled on the lines of 
occasion for consultation between the heads of the rural economy course held at the Lyallpur 
the agricultural and irrigation departments, their Agricultural College to which we have already 
views should be placed formally on record. referred in paragraph 233, Chapter VIII, [Chapter 
Conditions of service in India make frequent VIII, paragraph 233, not given in this documen- 
changes of officers inevitable and it is, therefore, tation]. This course lasts one month and is 
all the more important that a permanent record designed to give officers of the Irrigation and 
should be kept of the views of those responsible other departments an insight into the work of the 
for important decisions, together with any rele- Punjab Agricultural Department. The knowledge 
vant data. Our object is to secure that the acquired should, if possible, be tested by an 
documents which are really material to the examination. 
decisionsriached by heads of departments should ma QRnAnoN DppmTMENT AND THE CULmATOR 

be readily available. 
We have little doubt that co-operation between 284. We consider that the time has come to devise 

the agricultural and irrigation departments would means whereby the cultivators, for the further- 
be  rendered easier if the officers of the one anceof whose interests the irrigation departments 
department possessed amore intimate knowledge exist, should have a more direct avenue of 
of the working of theother than they doat present. approach to the responsible officers of the 
We would suggest, therefore, that the possibility department and to Government. At present, 
of instituting a short course in agriculture for though full advantage is taken of the opportunities 
irrigation officers and in irrigation for agricultural afforded by visits o f  inspection &om the superior 
officers should be carefully examined. Such officers of the irrigation and revenue departments 
instruction could, we think, best be given at the and by the right of interpellatian possessed'by 
agricultural colleges. members of the provincial legislatures, the 

In regard to the curriculum at these colleges, we representation of their needs is, i n  the main, 
are aware that little, if any, scope is left for the effected through the subordinate officials of the 
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irrigation and revenue departments. We do not 
wish to minimise the value of any of these 
channels of communication, in particular that 
provided by the provincial legislatures, which 
should certainly constitute the cultivator's ulti- 
mate pramtion. But something further is 
required to prevent questions arising out of the 
distribution of water from reaching a stage at 
which any section of the rural community regards 
itself as aggrieved. We would therefore suggest 
the creation, in those provinces in which irrigation 
is of importance, of an organisation on the anal- 
ogy of the local railway advisory committees 
which would be composed of representatives of 
the irrigation, revenue and agricultural depart- 
ments, with a majority of non-official members 
who should, if possible, be cultivators. The 
functions of this organisation would be to 
examine representations made to it by individual 
cultivators and by associations of cultivators, and 
to arrange that such of them as contained points 
of substance should receive careful attention at 
the hands of Government. Whether an organi- 
sation of this character should be constituted for 
a province as a whole or for particular irrigation 
systems is a matter we would leave to the dis- 
cretion of the provincial governments, but we 
consider it essential that the non-official members 
of it should themselves be landholders or culti- 
vators in the irrigated tracts for which it is formed. 
Advisory committees for irrigation already exist 
in the Godavari, Kistna and Cauvery deltas in 
Madras and appear to be working effectively. In 
the Central Provinces, there is a Standing Com- 
mittee for Irrigation composed mainly of mem- 
bers of the Legidative Council, but its duties 
appear to be the consideration of important new 
proposals rather than the examination of griev- 
ances. The more thoroughly such grievances are 
aired and the sooner they receive a preIiminary 
investigation and sifting at the hands of the district 
officers and of local agricultural associations and 
kindred bodies the better for all concerned, but 

there should remain a definite right of access to 
some central organisation constituted as we have 
suggested.' 

285. Before the constitutional changes which 
followed the passing of the Government of India 
Act of 1919, the Government of India were the 
real owners of every major irrigation work in 
India, the position of the provincial governments 
being very much akin to that of managing agents. 
The capital required for the works was found by 
the central Government and no original estimate 
could be sanctioned by any lower authority. After 
the Secretary of State or the Government of India 
had accorded sanction to anew major work,a term 
which included all productive and protective 
works, some of them costing even less than a lakh 
of rupees, the project was constructed by the local 
governments as agents of the Government of 
India, whose control was exercised through the 
medium of the Inspector General of Irrigation. 
The position was completely changed by the 
Reforms as the result of which, as already men- 
tioned, irrigation became a provincial subject, 
administered by the reserved side of the local 
governments. Although, under the new Consti- 
tution, the funds for all new works have to be 
provided by the local governments, a specific 
limitation has been placed on their powers. It is 
laid down that the sanction of the Secretary of 
State is necessary to capital expenditure on irri- 
gation and similar works, if the project concerned 
materially affects fheinterests of more than one 
local government, if the original estimate exceeds 
Rs 50 lakh, if arevised estimateexceeds by fifteen 
percent an original estimate sanctioned by the 
Secretary of State or if a further revised estimate 
has been proposed after one revised estimate has 
been sanctioned by the Secretary of State. The 
effect of this limitation is to give the Government 

*Mr. Calven dissents from this recommendation. He considers that where the Northern India Canal and 1)lainage Act 
i s  in force and where suitable mles have been framed thereunder, ample provision exists for full consideration of cultivators' 
grievances and opportunity is provided for appeal to Superintending Engineen and Commissioners. Elsewhere in temporarily 
settled provinces, he considers that the Collector is the most suitable authority to deal with such grievances. Orgarusations 
of the klnd recommended would, he considers, beof little use to the cultivators while they would pmvide yet furlher oppoitunity 
for misrepresentation. 
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of Indii a greater measure of control over irri- 
.gation matters than they possess in regard to other 
reserved subjects. For the exercise of this control 
they rely upon the advice of their Consulting 
Engineer who has replaced the Inspector General 
of Irrigation. The position thus created has given 
rise to difficuIties and we were informed by Mr. 
Harris, who, at the time he gave evidence before 
us, was performing the duties of Consulting 
Engineer to the Government of India, that it had 
been ascertained that whilst provincial govern- 
ments were agreed that it was very desirable that 
they should be able to obtain a second opinion on 
their irrigation projects, they strongly objected to 
interference once a project had been sanctioned. 

Rivers and drainage lines do not respect pro- 
vincial boundaries, and the evidence we received 
in the course of our enquiry convinced us of the 
urgent need for the creation of an organisation 
which would not only enable provincial govem- 
ments to obtain a second opinion in regard to their 
irrigation projects but would also be in a position 
to give the Government of Indii authoritative 
advice in regard to the settlement of disputes 
between provinces arising out of claims to the 
same source of supply. In these circumstances, 
we welcome the recent constitution by the Gov- 
ernment of India of a Central Irrigation Board, of 
which the Consulting Engineer to the 
Government of India and all the chief engineers 
for irrigation in the provinces are members. The 
Board will work through sub-committees con- 
sisting of those engineers with recent experience 
of works akin to those to be discussed. These 
sub-committees will be convened by the Gov- 
ernment of India at the instance of the local 
government concerned when a new project is 
about to be sanctioned or when a province finds 
itself in difficulties in any technical matter. We 
understand that three such sub-committees have 
already been convened. This arrangement has 
many advantages, not the least of which is that, 
as the Government of India have the right to 
convene sub-committees for their own purposes, 
they have now a ready means of obtaining com- 
petent advice on such central questions as irri- 
gation schemes affecting two provinces, or a 
province and an Indian State, and on irrigation 
schemes which they are required to submit for the 

sanction of the Secretary of State in Council. The 
Consulting Engineer to the Government of India 
isnot necessarily a member of all sub-committees 
and the incumbent of the post has, therefore, been 
required to take up, in addition to his technical 
work, the duties which formerly devolved on the 
Deputy Secretary to the Government of India in 
the Department of Industries and Labour. 

Whilst the constitution of the Central Irrigation 
Board and the manner in which it will function 
will result in the benefit of experience gained in 
one province being placed at the disposal of other 
provinces, we are of opinion that something more 
than this is required. We do not consider that it 
is, in itself, sufficient to secure that general 
dissemination of technical information through- 
out the provincial irrigation departments which 
we regard as desirable. We have been impressed 
in this, as in so many other directions, with the 
ignorance in one province of what is going on in 
others. Unless steps are taken to remedy this 
defect, that ignorance will become even more 
marked with the establishment of the provincial 
stations for research into irrigation matters which 
we recommend in the following paragraph. We, 
therefore, propose the establishment of a Central 
Bureau of Information for Imgation, the head- 
quarters of which would be at Delhi and which 
might suitably be placed in charge of the 
Consulting Engineer to the Government of India. 
The main functions of the Bureau would be to 
establish and maintain a comprehensive library 
of irrigation publications, both Indian and for- 
eign, which could be consulted by irrigation 
engineers and to act as a clearing house of 
information needed by provincial officers. I t  
should, however, be something more than amere 
repository of information and a centre for ans- 
wering enquiries. It should endeavour to reach a 
wider public than the irrigation departments and 
to keep agricultural officers, and the public gen- 
erally, in touch with irrigation developments in 
India and abroad. 

An additional means of bringing the irrigation 
engineers in the provinces into closer touch with 
each other would be pxovided by annual or 
biennial meetings and we  consider i t  vexy desir- 
able that such meetings should bemnged. They 
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should be held in rotation in the different 
provinces and in localities which possess features 
of special interest to the irrigation engineer. . 

THE NEED FOR IRRIGATION RESV 4RCH 

286. The Irrigation Commission expressed itself 
as struck by the small amount of attention which 
appeared to have beemgiven by the departments 
of agriculture and public works to matters con- 
nected with the application of water to cultivated 
crops and recommended that systematic 
experiments should be made and carried on 
continuously for a series of years, with the object 
of solving the numerous problems which arise in 
connection with the distribution and application 
of water to the land. The waterlogging of land as 
a result of defective irrigation was forced on the 
attention of Government so long ago as 1832, and 
the long history of the Western Jumna Canal, one 
of the oldest in India, has afford@ ample lessons 
in hydraulic engineering. The experience thereby 
gained, however, was not sufficient toprevent the 
recurrence of the evil in the new canal colonies 
of the Punjab. The problem has received con- 
tinuous attention from the Government and its 
engineers, but the difficulty is to dscover a 
measure that would not be too costly. Experi- 
ments in drainage, in lining the canals, in limiting 
irrigation, and so on, have been uied and, in 1925, 
a special committee of enquiry was appointed. 

The revised problem of desiccation or sinking 
of the water table is presented in the Jullundur 
Doab and is ascribed to the great increase of well 
irrigation. A detailed investigation confirmed 
popular opinion on the subject but led to no other 
recommendation than a restriction on the con- 
struction of new wells. 

The treatment of alkaline lands has received 
more prolonged attention, but the investigation 
has suffered from interruptions and more sys- 
tematic and continuous research is required to 
discover measures to deal with this widespread 
evil. 

The water requirements of crops have been 
studied on empirical lines by irrigation engineers 
who keep a careful record of the depth of water 
supplied per acre irrigated, and they incline to the 
opinion that nothing further of practical value is 
likely to accrue from reswch. The scientific 

study of the problems was began at Pusa some 
years ago but was not continued; the Bombay 
Irrigation Department is carrying out an investi- 
gation of considerable interest at Hadapsar, but 
elsewherelittle is being done. Even in the Punjab, 
where the importance of irrigation is almost 
supreme, it is only recently that a scientific 
research officer has been appointed for irrigation 
research and the question of a farm where prob 
lems could be studied under field conditions has 
not gone further than the earmarking of an area 
of land. No scheme for its working has so far 
matured and no staff has yet been appointed. It 
is hardly necessary to add that, when the era of 
construction of large irrigation works draws to a 
close, as there is every reason to believe that it 
soon will, economy in the use of water will be the 
determining factor in the extension of cultivation. 

287. We are strongly of opinion, therefore, that 
more attention should be paid in all provinces in 
which irrigation is of importance to research on 
the problems to which it gives rise. The value of 
irrigation research has, as we have noted, been 
recognised of late in Bombay, where a special 
irrigation division was formed in 1916 to enquire 
into problems which the agricultural and irriga- 
tion departments had till then been investigating 
from different points of view; and in the Punjab, 
where the scientific research officer mentioned 
above, who will shortly have a permanent and 
suitably equipped hydrological laboratory, was 
appointed in 1924. In both these provinces, there 
are now officers engaged on the investigation of 
a wide range of irrigation problems such as the 
study of movements of the water table and their 
effect in producing waterlogging on the one hand 
or desiccation on the other, the water require- 
ments of crops under field conditions, improved 
methods of irrigation both as regards the 
distribution of water by modules and the lay out 
of land for irrigation and hydrodynamical prob- 
lems connected with such questions as the design 
of inigation works and water-borne silt. Whilst 
we consider that the example set by the Punjab 
and Bombay should be followed in other prov- 
inces, we have no desire to lay down any hard and 
fast lines on which such research should be 
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conducted and would leave it to each province to 
decide upon the organisation it requires. In some 
provinces, a single officer assisted by a subordi- 
nate staff may prove sufficient; inothers, a special 
research division of the provincial irrigation 
department may be required. Much depends on 
the nature of the problems to be investigated. 
Waterlogging, for example, primarily requires 
investigation by an engineer, but he will need to 
learn from the agriculturist the minimum depth 
below the soil surface to which the water table 
must be kept in order to ensure successful crop- 
ping in the locality. Agricultural experience is 
also wanted to determine the amount of water 
which a crop requires and its distribution through 
the period of its development in order to produce 
its maximum yield. Yet again, in attacking the 
problem of alkali formation, the services of the 
chemist as well as of the agriculturist and the 
engineer have to be requisitioned. Whilst we do 
not advocate any rigid type of organisation for 
irrigation research, we would insist most strongly 
on the closest association between the irrigation 
and agricultural departments in regard to it. In 
the Bombay Presidency, we found that the irri- 
gation research station at Hadapsar and the 
neighbouring agricultural farm at Manjri were not 
agreed on the aim to be pursued in studying the 
water requirements of crops.. At the Hadapsar 
station, the aim was to discover the minimum 
amount of water which would mature an average 
crop so that the water available might be spread 
over the maximum area; at Manjri farm, i t  was to 
ascertain the amount of water which should be 
given in order to secure the greatest yield. Such 
disagreement not only involves waste of energy 
but also if, as it obviously must, it results in 
conflicting advice to the cultivator, it gravely 
militates against the usefulness of both stations. 
It is, therefore, in our view, essential that the heads 
of the two departments should collaborate in the 
presentation to the local government of an agreed 
list of the irrigation problems to be investigated 
in the order of urgency and importance. Where 
the nature of the problem requires the establish- 
ment of a research station, it may also be desirable 
that they should submit a scheme for staffing it 
jointly with irrigation and agriculhlrd officers. 
We canna stress too strongly the necessity for 

continuity in this, as in other branches of research, 
if any results of value are to be obtained. 

It should, we think, be made clear to both 
imgation and agricultural officers that the insti- 
tution by Government of a special research 
organisation is not intended in any way to indicate 
discouragement of research by officers who have 
not been specially detailed for such work. Indi- 
vidual irrigation engineers in the Punjab at vari- 
ous times during the past thirty years have, for 
instance, done valuable research work on the 
evolution of modules and on materials for 
waterproofing canals and distributaries, It 
should, therefore, be one of the most important 
duties of the officers in charge of the special 
research stations to watch for useful suggestions 
from all quarters and to encourage the efforts of 
those who make them by placing apparatus and 
information at their disposal so far as this can be 
done without detriment to the regular work of the 
stations. 

In this connection, we would draw attention to 
the part which could be played by the scientific 
staff of the Indian universities in the solution of 
irrigation problems for which geological, chem- 
ical or mechanical knowledge is required. It has, 
for example, been suggested that a sunken range 
of rocks is a factor which influences the water 
table of the Punjab plains: the verification of the 
existence of such a range and the determination 
of its features is work for the geologist but it might 
prove of the greatest value to the irrigation 
engineer. The discovery of a suitable material for 
lining canals which would bring the cost of that 
method of preventing waterlogging within the 
sphere of practical pglitics might well prove the 
decisive factor in restoring waterlogged areas to 
cultivation. In these and other directions, the 
scientific staff of the Indian universities could 
render material help to the irrigation engineer. 

The investigation of the problems of irrigation 
in the Empire generally will doubtless receive an 
impetus from the prominence given to the subject 
in the Imperial Agricultural Conference held in 
London in the autumn of 1927, We have no doubt 
that irrigation engineers in India will be able to 
make a valuable contribution to the solution of 
these problems. The precise way in which this 
contribution can best be made will need careful 
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consideration. We are confident that Indian 
opinion would warmly. welcome a decision to 
establish an all-Empire research station in India. 
The new experience thus made mutually available 
between the staff of the station and the officers of 
the inigation and agricultural departments should 
contribute much towards the advancement of 
research in imgation both in Indiaand throughout 
the Empire. The authorities responsible for the 
decision on this point may be assured that Indian 
opinion will welcome an arrangement by which 
the personnel of an all-Empire station in India 
would be controlled, and the administration 
conducted, in precisely the same manner as in the 
case of the other stations in the chain. 

NPCESsITY POR A  C E ~ A L  STATION FOR ~ R I O A ~ O N  
RESEARCH 

288. If, as we hold, the necessity for research into 
irrigation problems in all provinces in which 
irrigation is of importance has been established, 
the question arises whether much of the work 
could not be carried out at a central station with 
consequent saving in staff and expense. The 
number of officers quaIified to undertake research 
of this character is limited and the establishment 
of a central station might enable their services to 
be utilised to greater advantage. But, apart 
entirely from the administrative problems which 
are presented by the fact that imgation is now a 
provincial subject, we are doubtful whether the 
problems arising out of irrigation are sufficiently 
common to all provinces to make the establish- 
ment of a central research station either necessary 
or desirable. Of these problems, that presented 
by alkali formations is undoubtedly theone which 
is most common to the irrigated tracts of India but 
such little work as has been done on it goes to 
show that these formations are by no means 
universally due to the same causes. Again, the 
problem prhnted by waterlogging in the alluvial 
tracts of the north is entirely different from that 
in the trap and crystalline formations of the south, 
whilst the water requirements of the crops grown 
in sub-tropical India differ greatly from those of 
the crops grown in the peninsula. In such cir- 
cumstances, we are inclined to doubt whether any 
provincial imgation department would be willing 
to accept and work on the results obtained at a 

research station situated in another province 
without.further independent enquiry. The object 
we have in view, that of making the experience 
of one province available to other, can, we think, 
best be secured by the Central Bureau of Infor- 
mation, the establishment of which we have 
recommended in paragraph 285 above. The work 
carried on at each provincial research station 
should be reviewed from time to time by a 
committee appointed by the local government in 
consultation with the Central Board of Irrigation 
and the Council of Agricultural Research. Whilst 
we do not recommend the establishment of a 
central research station, it will be obvious that an 
officer who has made a special study of a problem 
in one province would be in a position to render 
substantial help to another province even though 
the local conditions in that province might be 
different from those in his own. We consider, 
therefore, that the interchange between provinces 
of specialist officers- the number of which is, in 
the nature of the case, bound to be very limited- 
should be encouraged. 

289. It would appear that many of the tqubles 
which have arisen in the irrigated tracts of India 
in regard to waterlogging and the formation of 
alkali lands have been due to failure properly to 
correlate a new irrigation system with the natural 
drainage of the tract. We have little doubt that 
the lesson has been learnt and that, where this is 
not already the practice, a careful drainage survey 
which shwld include estimates for drainage 
constmion will, in future, form an integral part 
of all new irrigation projects. The importance of 
the control of surface drainage is not, however, 
confined to canal-irrigated areas. We have drawn 
attention to one aspect of it in connection with 
soil erosion. In paragraph 292 below, we draw 
attention to yet another aspect of it in Bengal. The 
Indian Sugar Committee pointed out the impor- 
tance of proper drainage as a factor in the suc- 
cessful cultivation of sugarcane and drew special 
attention to the system of drainage which is 
practised in Java. The Committee recommended 
that a drainage survey should be carried out in the 
submontane tracts of the United Provinces in 
which, fmm Saharanpur to Gorakhpur, with the 
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exception of Bahraich, the area under sugarcane 
is large. The necessity for a complete drainage 
scheme was also brought prominently to our 
notice in the North-West Frontier Province. In 
these circumstances, we support the suggestion 
made by Mr. Howard in his book on Crop 
Production in India that drainage maps should be 
drawn up by competent engineers who possess 
the necessary agricultural insight. As he points 
out, once such maps have been constructed, i t  will 
be easy to control all such undertakings as the 
construction of roads, railways, canals and 
embankments and to see that nothing interferes 
with crop production. From the drainage maps it 
will be a short step to the preparation of a series 
of monographs on the river systems of India such 
as already exists in European countries like Italy. 
Those of our members who have visited Egypt 
have been impressed with the attention there 
given to the systematic drainage of irrigated land. 
We understand, too, that in the United States of 
America, where large irrigation schemes have 
been carried out, drainage questions have now 
assumed f i s t  place in importance among subjects 
receiving the attention of research workers; since 
i t  is found that, if the free downward percolation 
of water is arrested, alkali troubles almost 
invariably follow. 

~RXGATION IN SIND 
(i) PROBL~MS AND I'OSSIBILP~~ES 

290. Whilst we have not been in  a position to 
present an exhaustive review of the irrigation 
problems of the different provinces, there are four 
questions to the importance of which we desire to 
draw special attention. These are the problems 
and opportunities which arise from the prospec- 
tive wide extension of irrigation in Sind and the 
bigation problems in Bengal, the North-West 
Frontier Province and Baluchistan, 

We have mentioned that the great Sukkur 
Barrage which is now being constructed across 
the Indus below Sukkur, the work on which we 
inspected in March, 1927, will provide perennial 
irrigation for some five million acres of land, of 
which two million acres now receive an unsatis- 
factory supply from inundation canals and three 
million acres are uncultivated for lack of 

irrigation. I t  is anticipated that water will be 
available in 1931 and that, although it may take 
forty years before irrigation is developed to the 
final stage, the most rapid progress will take place 
from 1935 to 1938. There can be no doubt that 
this vast project provides a unique opportunity for 
putting into practice the lessons to be drawn from 
irrigation experience elsewhere in India. There 
is every reason to believe that the greatness of the 
opportunity thus presented is fully realised but 
there are a few points we wish to emphasise. We 
have carefully examined the project from the 
point of view of its effect an cultivation and on 
the welfare of the rural population. There is  at 
present considerable difference in the agricultural 
conditions on the right and left banks of the Indus. 
The area on the left bank is mainly a cotton area, 
the agricultural organisation of which is based on 
one irrigated crop in three years. Wheat and rice 
are the principal crops on the right bank and acrop 
is taken every year. The first question for special 
investigation is the kind of crops the cultivation 
of which can confidently be recommend to the 
cultivator in all tracts to be brought under per- 
ennial irrigation. It should be ascertained whether 
thedistinction between the crops whichare grown 
on the right and left banks is based on a real 
difference in conditions of soil, water supply or 
climate, in fact, on anything more definite than a 
preference on the part of the cultivator. It should 
further be decided how far it is prudent, in the left 
bank area, to rely on cotton only as the main crop 
or whether efforts should be made to find alter- 
native money crops which can be grown suc- 
cessfully in this tract. We note that berseem has 
been grown with success. The Agricultural 
Department should examine the possibility of 
encouraging the development of a dairy industry 
based on fodder crops grown on irrigated land. A 
system of mixed farming might well prove of 
much value both from the point of view of direct 
financial return and in its effect in promoting and 
maintaining soil fertility; but this last advantage 
will depend upon the adoption by the cultivator 
of sound practice in conserving aqd using natural 
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manure. We need hardly emphasise the desir- 
ability that the water requirements of the crops 
which will be grown when perennial irrigation is 
assured should be determined as soon as possible 
and that from the outset, investigations should be 
carried out with a view to ensuring that the 
problems which have arisen in other irrigated 
tracts from waterlogging and alkaline formations 
do not appear in this tract. We attach great 
importance to obtaining timely and authoritative 
information in regard to these and kindred matters 
which affect the welfare of the cultivator. The 
tract appears to us to be one in which the estab- 
lishment of a joint irrigation and agricultural 
station for research into irrigation problems at the 
earliest possible moment is eminently desirable. 
In 1924, the Government of Bombay appointed a 
committee to consider the administrative devel- 
opments that were necessary for the provision of 
agricultural advice to zamindars confronted with 
an entirely novel system of irrigation; and the 
opening of the research and experiment station at 
Sakrand in 1925 has been the first step in a 
programme of vast importance. 

No decision appears to have yet been taken on 
the point whether the Agricultural Department in 
Sind should be separated from the department in 
the Presidency proper and placed under a separate 
Director. The urgency of the closest collaboration 
between agricultural, revenue and irrigational 
officers h i  been already set forth, and we deem 
it our duty to advise the Government that the chief 
revenue and irrigational officers should have 
ready access to agricultural advice at the head- 
quarters of the Province of Sind. The agricultural 
problems of Sind, will, in our opinion, assume 
such importance as a result of the construction of 
the Barrage that we consider the province should 
have its own Director of Agriculture with head- 
quarters at Karachi. The work at the Sakrand farm 
and its sub-stations will fully occupy the time of 
a deputy director of agriculture. 

We recognise that Sind under Barrage irrigation 
will contain as important and comprehensive a 
system of agriculture as Egypt has to-day and we 
consider that the welfare of the people demands 

a chain of experimental stations subsidiary to 
Sakrand, and a full staff of competent officers. 
We are convinced that the financial returns to the 
State from expenditure on a far-sighted policy 
will be on the most generous scale. 

The training of the staff for Sind is a matter of 
considerable difficulty. We are informed that the 
arrangement with the Punjab Government, 
whereby Sindhi candidates attended the college 
at Lyallpur, was given up owing to a financial 
disagreement; and we would suggest that this 
matter should be adjusted at the earliest possible 
date. 

We tmst that, in the very natural preoccupation 
due to the construction of the Sukkur Barrage, the 
possibilities of irrigation development in other 
parts of Sind will not be entirely lost sight of. The 
evidence we recorded at Karachi showed that 
there are certain areas outside the area comman- 
ded by the Sukkur Barrage project in which there 
are considerable possibilities for schemes for 
pumping water from rivers, canals and other 
sources, as the water requires to be lifted a few 
feet only. The problem which is thus one of 
evolving a suitable pump combining a low lift 
with a high discharging capacity should be 
investigated by the engineering section of the 
Agricultural Department. 

291. The principles which should be adopted in 
disposing of such of the areas which will come 
under irrigation as are still at the disposal of 
Government require to be settled without delay. 
We conceive that these fall into three main divi- 
sions. In the first place, the claims of the indig- 
enous population in the face of the general 
immigration from outside which will be essential 
to the proper development of the tract will require 
careful consideration. We trust that some equi- 
table solution will be found which will ensure to 
the labourer (hari) as well as to the landholder in 
Sind a first claim to those lands in the newly 
irrigated tracts which are at the disposal of Gov- 
ernment. We consider, however, that the immi- 
gration of a certain number of progressive 
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cultivators, including those familiar with the Cotton Committee pointed out, the agricultural 
possibilities of irrigation elsewhere, should have development of the tract would be greatly facil- 
a beneficial effect on the local standards of itated. Further, the large scale production, which 
cultivation, and we, therefore, recommend that these grants would mean, would assist the 
provision for them should be included in the surrounding small holders in marketing their 
allocation of such lands. produce, and should go far to solve the difficult 

In the second place, it is important that the problem of securing a proper price for it. 
manner in which the areas at the disposal of In this connection, we are impressed by the 
Government should be allocated should be many advantages attaching to the planting of 
determined as soon as possible. In such schemes, extensive and homogeneous areas with a single 
the small holder must form the backbone of any variety of cotton well suited to local conditions. 
intensive system of cultivation and should be Where this can be achieved, the risk of deterio- 
encouraged in every possible way. But it will ration by cross-fertilisation between the improved 
probably be as important here as in the Punjab variety and inferior cottons is removed. 
colonies, to insist that the small holder shall Furthermore, the fact that local ginneries handle 
himself cultivate his grant and shall not be no cotton other than the approved variety insures 
allowed to grow into a petty absentee landlord. to the cultivators a supply of pure seed at the 
In the Punjab, it is a condi tion of all peasant grants lowest possible cost, Again, marketing arrange- 

, that the grantee shall settle permanently on the ments are greatly facilitated by the existence in 
estate and build himself a house there. These the tract of a large volume of one variety of high 
conditions must be fulfilled before occupancy class cotton. Purchasers soon discover that cotton 
rights can be acquired, and even when, later, the from such atract can bereliedupon both for purity 
grantee is permitted to acquire proprietary rights, and quality. The reputation of the district for 
the sale is conditional on the continued obser- cotton is established and soon becomes widely 
vance of this condition. The value of the small known, and, if marketing arrangements are sat- 
holder is so linked up with his residence on the isfactory, the cultivator is thus assured of the 
estate that we think that the attempt should be maximum premium for the high quality of his 
made in Sind to ensure observance of this con- produce. The information at our disposal goes to 
dition on lines conformable to the prevailing show that, in the Indian State of Rajpipla, where 
systems of tenure. regulations have been enforced over a period of 

If any applicants for larger grants are forth- four years compelling the cultivator to grow 
coming who can be trusted to carry on agriculture cotton of an approved variety, highly encouraging 
by progressive methods and who possess such results have already been obtained. Again, 
public spirit as would lead them to contribute Government in the Sudan'have taken power to 
substantially to the social advancement of their enforce the creation and maintenance of areas in 
sinaller neighbdurs, then we consider that an which one variety of cotton only is grown. Here 
improvement in social and economic conditions also results have, we are told, entirely justified the 
will be likely to result from interspersing a suit- wisdom of this provision. With these facts in 
able proportion of these amongst the population. mind, we would suggest to the Government of 
We are also of opinion that provision should be Bombay that they should very carefully examine 
made for a few largegrants of land of some 2,000 the possibilities of attaching to occupancy rights 
to 4,000 acres on terminable leases to individuals in Crown lands to be newly colonised as part of 
or groups of individuals. The actual cultivation the Sukkur Barrage scheme, the obligation to sow 
would, no doubt, be carried on by tenants, but only such cotton as may be provided or approved 
these would have skilled guidance and the grant by the Department of Agriculture. The cotton of 
asa whole would deriveall thebenefit that follows the entire tract could then kept pure by the 
from a single control. In this way, as the Indian application of the Cotton Transport Act. We are 
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well aware that such a suggestion involves a T H ~ P ~ S ~ ~ N I N B E N ~ A L  
departure from existing practice, but we are of 
opinion that the benefits in terms of financial 292. The problem in Bengal differs from that in 

advantage to the cultivator and to the community most other parts of India in that it arises from the 
are likely to be so considerable as fully to justify prwence too much rather than of too little 
a bold experiment in the direction indicated. water. Even in the west of the province, which 

The third problem to be considered is that of has a comparatively short rainy  ason on and, 
securing adequate fuel supplies to the irrigated therefore, offers considerable scope for the 
area. It is clear from the Punjab experience that extension of irrigation, the liability of low lying 
no private person is likely to undertake the for- lands to inundation by river flood is a serious 
mition of plantations in irrigated areas owing to obstacle to the extension of cultivation of such a 
the length of time which must before lhey profitable crop as sugarcane. The intimate rela- 
yield a return in any way com~arable with that tion between he drainage system of the province 
from ordinary cultivation. The evidence we took 
in the Punjab showed that such plantations do not and the prevalence of malaria and water-borne 

come into full bearing for fifteen years, after diseases and the bearing this has on the well-being 

which they may yield a net profit of as much as of the population are The 
Rs 25, or, allowing for the waterrate paid per acre, improvement of the drainage system has 
Rs 28. It is estimated that the interim revenue accordingly long been regarded as the most potent 
received from the plantation during the first weapon which can be forged in the fight against 
fifteen years should meet, and, perhaps, slightly disease. It is essential to the transport of jute and 
exceed, the cost (including interest on capital other agricultural produce in a province which 
outlay) of its formation and maintenance. It is depends so largely on its waterways as a means 
possible that Government would obtain a larger of communication that they should (re kept open 
return lrom land under than to navigation, but, in their upper reaches, the rapid 
would be received if the land were disposed of in 
the ordinary way. For the reasons given in our extension of the water hyacinth makes this a task 

chapter on Forests, the establishment of such of ever increasing difficulty and they are 
plantations is most desirable if they can be shown thfOugh0ut liable to silting and deterioration 
to be profitable, [chapter on Forests not given in owing to changes in the general drainage system- 
this documentation]. We recommend that the The Irrigation Department, which has thus to 
financial considerations involved should be fulfil a multiplicity of functions which do not fall 
carefully examined and that, if the result is sat- to the lot of similar departments elsewhere, only 
isfactory3 the Forest and Irrigation departments became a separate department in 1921, when it 
should, in consultation, decide what percentage was formed out of the p,,blic Works Department. 

the area at the d i s ~ s a l  Oovernment can It is a small department which in its 
suitably be allotted to the establishment of such superior ranks, of the Chief Engineer and Secre- 
plantations and how far the provision of a wider 
belt of land along the canal banks than it is tary to Government and four superintending 

customary to devote to the growth of trees would engineers. The relative importance of the 
meet the case, The two departments should then activities of this department in regard to irriga- 
work out a definite scheme for the formation of tion, navigation and wnbankments and drainage 
plantations, either along canal banks or in isolated can be gauged from the following figures taken 
blocks elsewhere. from its report for 1925-26: 
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Area Length of main 
imgated and branch 

channels 

Acres Miles 

I. Imgatim- 
Midnapur Canal 
Eden Canal 

11. Navigable canals 1,886 
III. Embankments and 

drainage- total length of embank- 1.298 
ments 

Thus the Irrigation Department in Bengal has 
to deal more with the improvement of navigation 
and sanitary conditions and the control of flood 
water than ,with irrigation proper. 

As we have mentioned, there are areas in 
Bengal, especially in the west of the province, 
which are suited for an extension of canal irri- 
gation and of minor works of all kinds. We would 
refer in passing to the excellent work which is 
being done in the Bankura and, to a lesser extent, 
in the Birbhum districts by co-operativeimgation 
societies. W e m  glad to note the assistance which 
is given by the Injgation Department to these 
societies. 

It is not, however, the problems connected with 
irrigation proper that have caused us concern so 
much as-those which arise in regard to drainage 
and the preservation of existing river channels 
from deterioration. These problems are singu- 
larly complex and difficult. 

No single department can be expected 
adequately to deal wilh all the water problems of 
Bengal and the first step which should be taken 
towards their solution is the complete separation 
of the irrigation branch from the navigation and 
embankments and drainage branches and the 
formation of two entirely separate departments. 

No general survey of the irrigation possibilities 
of Bengal has yet been made. The first duty of 
the new Irrigation Department would, therefore, 
be to formulate a general scheme for imgation 
development based on a survey in such detail as 
would ensure ordered progress. This is a point of 
special importance in tracts which, in the nature 
of things, do not lend themselves to large projects 
and where facilities for the construction of a 
number of small schemes exist in the same 
drainage area. 

We would next draw attention to the critical 
importance of the work which awaits the new 
department which would deal with navigation, 
embankments and drainage and which might be 
re-named the Waterways and Navigation 
Department. 

The problems of the Gangetic delta and the 
Damodar river are typical of those associated 
throughout the world with rivers whose courses 
lie through broad alluvial plains and at whose 
mouths extensive deltas have developed. Such 
rivers,in their natural stateand when uncontrolled 
by the hand of man, tend in seasons of flood to 
overflow their banks and to spill their water over 
large areas of alluvial land. By the action of the 
swollen current upon the soft soil of which their 
banks and beds are composed, they tend also to 
change their course, sometimes by many miles 
from season to season. Thus, both the raising of 
the land level and the creation of new deltaic land 
take place more or less evenly over the whole 
lateral area of the tract. It is these two processes 
in combined action that have built up the alluvial 
deposits of the sub-continent and also the deltaic 
landslying at the mouths of the great rivers. They 
are continuous in their operation and to-day, as in 
past centuries, i t  is by them that the rock masses 
of the Himalayas are compelled to pay constant 
tribute alike to the rich plains of the interior and 
the extending mud banks of the Sunderbunds. 

Favourable agricultural conditions and conve- 
nience of communication and transport, 
combined often with considerations of military 
advantage, lead man to build his habitations and 
to prosecute his commercial activities on the 
banks of great rivers. In order to protect himself 
and his property against risk of floods, he 
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heightens the river banks by building embank- 
ments, bunds or, as they are known in America, 
levees; and so contrives, even during periods of 
flood, to confine the stream within its normal 
channels. But the waters of the river continue to 
carry their burden of silt and, at seasons when the 
stream is slack, large quantities of this are 
deposited in the bed of the river. The force of the 
current tends in flood season to scour, and so to 
lower, the river bed. But in the flat reaches of a 
river where the stream is broad and the current 
slow, the tendency often is for deposit tooutweigh 
denudation and thus, over a series of years, to raise 
the bed of the river and with it the flood level. 
This, in turn brings about the necessity for the 
construction of still higher embankments, until 
finally a stage is reached at which the surface of 
the river, flowing high above the level of the 
adjacent lands, has ceased altogether to relieve 
the riparian tracts of their superfluous water: the 
river can no longer drain the lands through which 
i t  flows. 

Where no bunds prevent the river from over- 
flowing its banks, the floods of each succeeding 
season bring a further deposit of fertile silt to wide 
areas of territory: while, at the same time, the 
flood waters cleanse and purify the surface of the 
land, sweeping away decaying vegetable and 
animal matter and purging the streams, ditches 
and ponds of insects and impurities, many of them 
harmful toman and beast. Inevitably the bunding 
of such rivers must, to some extent, incline both 
to arrest this natural regeneration of fertility and 
to give rise to a deterioration in the health of the 
population in the riverain tracts. There can be 
little doubt that certain districts have tended, as a 
consequence of the interference by man with the 
forces of Nature, todecline in natural fertility and 
to become the breeding ground of malaria and 
other diseases. This process is occasionally, and 
sometimes seriously, aggravated by the con- 
struction of railway and road embankments 
across the lines of natural drainage. 

This group of problems is by no means confined 
to north and north-eastern India. It has presented 
itself with uagic emphasis in the United States by 
the devastating floods of 1927 in the Mississippi 
Valley. It is known to exist in many other parts 
of the world. 

The problems that await solution in Bengal, if, 
indeed, all the problems presented can be com- 
pletely solved, are thus complex in the extreme. 
The order in which they should be attacked, the 
nature of the measures to be adopted, and the 
amount which can properly be spent on them, 
having regard to other urgent calls on the public 
purse, will all require most careful investigation 
and the provincial legislature will rightly require 
an authoritative opinion on these questions as a 
preliminary to granting its approval to any scheme 
which may be put before it. We accordingly 
recommend to the earnest consideration of the 
Bengal Government the desirability ofappointing 
a committee of experts which should include 
among its members at least one who is familiar 
with the management of the deltas of large rivers 
in other countries, such as, for example, that of 
the Mississippi and we would suggest that one of 
the specific directions to such a committee should 
be to consider and report upon the advisability of 
setting up a Provincial Waterways Board. 

 RIGA AT ION IN THE NORTH-WEST FRONTIER PROVINCE 

293. The irrigation problems of the North-West 
Frontier Province must be considered not in 
respect of the magnitude of the irrigation systems 
of that small province but in relation to their 
importance to the well-being of the agricultural 
community. The province possesses three gov- 
ernment canal systems which, between them, 
irrigate 370,000 acres or sixteen per cent of the 
total cropped area, a percentage which is only 
exceeded in Sind, the Punjab and Madras. More 
important in the aggregate, however, are the 
district and private canals which, between them, 
irrigate another 400,000 acres. By far the greater 
part of this is under the district canals which, with 
the exception of the Paharpur Canal in the Dera 
Ismail Khan district which wasconstructed by the 
Punjab irrigation engineers, were constructed by 
the people themselves with or without the help of 
Government and are in the charge of the deputy 
commissioner of the district. They were con- 
structed without competent, or, indeed, any 
technical supervision and i t  is not surprising, 
therefore, that they are badly aligned, scantily 
provided with drainage crossings, ill regulated 



JOURNAL OF INDIAN SCHOOL OF POLITICAL ECONOMY OCT-DEC. 1994 

and altogether badly equipped. We were 
informed that the canals in the Dera Ismail Khan 
district, which at the time of our inquiry had no 
engineering staff in charge of them, are in a 
specially unsatisfactory condition, which arises, 
in the main, from the fact that there is no direct 
outlet to the Indus for the waters of the many 
torrents which come down from the surrounding 
hills in violent spas during the monsoon months 
and which, in consequence, wipe out bunds, 
breach canals and turn valuable lands into a 
network of ravines. The result is that considerable 
areas are going out of cultivation and many 
villages are being forsaken. 

We would suggest that the possibility of 
transferring the most important district canals, if 
not all of them, to the charge of the Irrigation 
Department should be examined. We were 
informed that such a transfer was effected in the 
case of the Kabul River Canal in 1903-04 and that 
the area under irrigation on that canal increased 
by forty-five per cent in seven years from that 
date. If, for reasons of the existence of which we 
are not aware, there are objections to the transfer 
of the canals to the Irrigation Department, we are 
of opinion that steps should be taken to ensure 
that the deputy commissioners have the assistance 
of a competent staff in dealing with them. 

294. We have heard two witnesses in regard to 
the agricultural position in Baluchistan and we 
are impressed by the testimony which they both 
gave as to the extent to which agricultural prog- 
ressin that area must be dependent upon enhanced 
supplies of water. Since we heard this evidence, 
we have been informed that the officer who is 
investigating watercontrol in Waziristan will also 
examine the possibilities of extending irrigation 
in Baluchistan. We consider that it is impossible 
for one officer to carry out, adequately, investi- 
gations in areas so extensive and so widely 
separated as Waziristan and Baluchistan. We, 
therefore, recommend that an examination of the 

possibilities of extending irrigation in Baluchis- 
tan should be forthwith undertaken by an officer 
specially selected for that purpose and that he 
should be assisted by a suitable subordinate staff. 

295. The natural reserves of water power avail- 
able in certain parts of India, notably in the 
submontane districts of the Himalayas and in the 
Western Ghats, including the Nilgiris, are con- 
siderable. It is also probable that opportunities s 

exist for obtaining power by utilising falls of a 
few feet on rivers in the plains, and by the 
construction of similar falls on canals by a suitable 
alignment of the canal gradients. As regards 
canals, we understand that attention is now being 
paid in new irrigation projects to this source of 
power, which should certainly not be neglected 
in view of possible future demands for power both 
for industrial and agricultural purposes. The 
possibilities of this source of power have been 
strikingly illustrated by the success of the 
hydro-electric scheme carried out by our late 
colleague, Sir GangaRam, atRenala i n  the Lower 
Bari Doab Canal Colony of the Punjab, which we 
visited in February, 1927, where 80,000 acres are 
irrigated by a six feet fall. 

From the agricultural standpoint, electric power 
has at present two main uses, as a motive power 
for machinery including pumps, and as a means 
of obtaining supplies of synthetic nitrogen from 
the air. Experiments are being conducted with a 
view to applying electricity on a commercial scale 
as a stimulus to plant growth. This is a possibility 
which need hardly be seriously considered at 
present and, in any event, the power required 
would probably be insufficient to make genera- 
tion for this purpose alone economic. The 
desiderata in all these cases are cheapness and 
wide diffusion. The circumstances of the Indian 
cultivator make it improbable that, fora long time 
to come, if ever, there will be an appreciable 
demand for electric power for agricultural 
machinery or that there will be much scope for 
theuse of electricity as astimulus to plant growth. 
In paragraph 89, Chapter IV, we have given 
reasons for doubting whether the manufacture, in 
this country, of synthetic nitrogen from the air 
likely to prove a commercial proposition, 
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[Chapter IV, paragraph 89, not given in this 
documentation]. In existing conditions, there- 
fore, the immediate openings for electric power 
for agricultural purposes are confined to pumping 
schemes. The experience of other countries 
suggesp that, in the present state of electrical 
development, power can only be profitably 
developed for urban and industrial purposes and 
that its economic use in agriculture must depend 
upon the availability of a surplus which is not 
required for these purposes and which would 
otherwise go to waste. We recognise, however, 
that the possibility of utilising electricity for the 
purpose of raising water from wells may make its 
use profitable in India, otherwise than as a mere 
surplus of power required for urban and industrial 
purposes. We have been informed that a con- 
siderable development of the industrial use of 
electric power may be expected in Lahore and 
Amritsar and their immediate neighbourhood. 
Such an area as this, we consider, offers the best 
prospects for testing theagricultural uses to which 
electric power, surplus to industrial requirements, 
can be put and we have no doubt that the Gov- 
ernment of the Punjab will see that full advantage 
is taken of this and of any other opportunity which 
may present itself. 

Whilst the development of its hydro-electric 
schemes is now a matter for which each province 
is entirely responsible, we consider that, as in the 
case of irrigation problems, it would be of great 
value to the provinces if some central organisation 
existed from which information in regard to 
hydro-electric developments in India as well as 
in other countries could be obtained. We rec- 
ommend, therefore, that the Central Information 
Bureau, the formation of which we have proposed 
in paragraph 285 above, should also act as a 
clearing house of information on hydro-electric 
matters and that a section of its library should be 
devoted to literatureon the subject. Expert advice 
in regard to any particular scheme of development 
can, we think, be best obtained from a firm of 
consulting engineers of which there are many of 
recognised eminence. This is a course which, to 
mention two instances, has been followed in 
regard to the Yunzalin hydro-electric project for 
the water supply of Rangoon and the Pykara 
hydro-electric project in Madras. It should prove 

less expensive than that of retaining the services 
of an expert permanently at the headquarters of 
the Government of India and has the further 
advantage that it in no way involves any inter- 
ference with provincial independence in the 
matter. 

As regards the orderly development of hydro- 
electric schemes throughout India, it is, perhaps, 
fortunate that the natural centres of hydro-electric 
development are widely separated and it does not 
seem probable that problems similar to those 
which have arisen from the conflicting claims of 
more than one province to irrigation supplies will 
here occur. The contingency that when the 
development of natural sites has made greater 
progress, questions affecting more than one 
province may arise cannot, however, be entirely 
overlooked. If such a situation should occur, the 
best method of dealing with it would probably be 
the appointment of an ad hoe committee of 
experts. 

Another contingency which has to be provided 
against is the premature development of easily 
accessible sites in the lower reaches of rivers 
where they debouch from the hills on to the plains. 
The effect of such development would be tocreate 
vested interests which might ultimately impede 
the development of sites which may exist further 
upstream in the recesses of the hills but which 
have yet to be surveyed. These remote sites may 
represent sources of power of the greatest 
importance and no action should be taken which 
would hinder their ultimate utilisation. We 
commend this point to the special attention of 
local governments. 

SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS 

296. The conclusions and recommendations in 
this chapter may be summarised as follows: 
(1) There should be a periodic revision of the 
position in regard to all outstanding irrigation 
projects (paragraph 275). 
(2) The relaxation of the financial rules which 
formerly governed the construction of protective 
works should furnish a stimulus to the construc- 
tion of this class of works (paragraph 276). 
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(3) Further investigation and experiment should (14) In tracts in which the number of abandoned 
be undertaken before a final decision against the wells is at all numerous, a special enquiry should 
sale of water by volume is reached (paragraph be made into the cause of abandonment (para- 
277). graph 281). 
(4)Noreductionin thecapacity of an outlet should (1 5 )  The extension of irrigation from small 
be made in individual cases if it is found that streams by means of power driven Pumps should 
irrigation is done over a larger area than that for be encouraged (paragraph 282). 
which the outlet was designed (paragraph 277). (16) Closer relations should be established 
(5) No change should be made in the agency between the agricultural and the irrigation 
charged with the distribution of water but the deparments (ParaFFa~h283). 
formation of inigation pcmcjayals should be (17) Short courses in agriculture for irrigation 
encouraged (paragraph 278). officers and in irrigation for agricultural officers 
(6) The construction and maintenance of minor should be instituted (paragraph 283). 
imgation works should be entrusted to a special (18) An organisation on the analogy of local 
agency (paragraph 279). railway advisory committees should be estab- 
(7) me depiuvnent enrmsted the charge of lished to deal with complaints in regard to irri- 
pumping and boring operations should make gation matters (paragraph 284). 
detailed investigations into the economics of tube (19) A Central Bureau of Information on irriga- 

tion matters should be established (paragraph well irrigation and should also carry out a sys- ,,,, 
tematic survey of subsoil water supplies (para- 
graph 280). 
(8) Government assistance in regard to the con- 
struction of tube wells should be limited to the 
provision of information, of technical advice and 
of finance, whererequired, on the taccavi system 
and to placing boring equipment ahd skilled 
labour at the disposal of the landholder on pay- 
ment of a moderate fee (paragraph 280). 
(9) The system of subsidising tube wells at present 
in force in the United Provinces should be dis- 

LU3). 
(20) Frequent conferences of irrigation engineers 
should be held (paragraph 285). 
(21) More attention should be paid to research on 
inigation problems in all provinces in which 
irrigation is of importance (paragraph 287). 
(22) There should be the fullest collaboration in 
such research between the agricultural and irri- 
gation departments (paragraph 287). 
(23) The assistance of the Indian universities in 
irrigation research should be enlisted (paragraph 
qo-\ 
L O  11. 

continued (paragraph 280). (24) The necessity for a central station for irri- 
(10) Private enterprise in the construction and gation research has not b e n  established but the 
maintenan~e of tube wells Should not be dis- work of each provincial station should be 
couraged by Government competition ( p ~ a g r a ~ h  reviewed from time to time by a committee 
280). appointed by the local government inconsultation 
(11) Pumping and boring operations should be with the Central Board of Irrigation and the 
enbusted to the agricultural de~wments (para- Council of Agricultural Research (paragraph 
graph 280). ?RRI 

'YY,. 

(12) The ~ ~ r ~ t r u f t i o n  of ordinary wells is (25) The interchange between provinces of offi- 
essentially a matter for private enterprise, but cers engaged in research on irrigation is desirable 
there are many ways in which the agricultural and (paragraph 288). 
irrigation departments can help the landholder (26) Drainage maps should be prepared (para- 
(paragraph 28 1). graph 289). 
(13) In districts where holdings are very small, (27) In view of the importance of the Sukkur 
every effort should be made to encourage the Barrageproject, thechiefrevenueandirrigational 
co-operative sinking . and working of wells officers should have ready access to agricultural 
(paragraph 28 1). advice at the headquarters of the Provinceof Sind. 
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Theappointment ofa Director of Agriculture with 
headquarters at Karachi is, therefore, recom- 
mended (paragraph 290). 
(28) In addition to the station at Sakrand, a chain 
of subsidiary research stations should be estab- 
lished and there should bea full staff of competent 
officers for all the stations (paragraph 290). 
(29) The question of training agricultural students 
from Sind at the Lyallpur Agricultural College 
should be re-examined (paragraph 290). 
(30) The possibility of developing irrigation in 
parts of Sind not commanded by the Sukkur 
Barrage project should not be lost sight of 
(paragraph 290). 
(31) The principles which should be adopted in 
disposing of the areas which will come under 
irrigation under the Sukkur Barrage project and 
which are still at the disposal of Government 
should be determined without delay more espe- 
cially in regard to the claims of the indigenous 
cultivators, the manner of allocating the areas and 
the provision of fuel supplies (paragraph 291). 
(32) The Irrigation Department in Bengal should 
bedivided into two entirely separatedepartments, 

one to deal with irrigation proper and the other 
with navigation, embankments and drainage 
(paragraph 292). 
(33) The first duty of the new Irrigation Depart- 
ment should be to formulate a general scheme of 
irrigation development (paragraph 292). 
(34) The problems presented by the river systems 
of Bengal require investigation by a committee of 
experts (paragraph 292). 
(35) The possibility of transferring the district 
canals in the North-West Frontier Province to the 
charge of the Irrigation Department should be 
examined (paragraph 293). 
(36) An examination of the possibilities of 
extending irrigation in Baluchistan should be 
forthwith undertaken (paragraph 294). 
(37) The Central Bureau of Information for Irri- 
gation should also d a l  with matters arising out 
of hydro-electric development (paragraph 295). 
(38) Advice in regard to provincial hydro-electric 
schemes should be obtained from firms of con- 
sulting engineers (paragraph 295). 
(39) Should disputes between provinces in any 
matters arising out of hydro-electric development 
occur, these should be referred to committees 
appointed ad hoc (paragraph 295). 



REVIEW ARTICLE* 
TAX REFORMS IN INDIA: AN EVALUATION 

G. Thimmaiah 

I .  Introduction the core of tax reform. It starts with a thorough 
examination of the tax or tax structure in relation 

Tax reform refers to introducing changes in the to economic policy objectives, collecting empir- 
existing tax base, rates, exemptions, rebates, ical facts about its defects, identifying the causes 
concessions and administrative procedures. Tax for defective operation, evaluating the alternative 
reforms embody periodical repairs to the tax measures to set right the defects and recom- 
structure after i t  is designed and put into opera- mending specific tax reform measures in order to 
tion. Once a tax is designed on the basis of some restore its effectiveness. The tax reform exercise 
objective normative criteria, it goes into operation also involves outlining the relative merits and 
as soon as it is implemented. From its practical demerits of alternative tax reform measures 
operations, the Government and tax administra- leaving the choice to the policy makers. 
tors, besides the tax payers, learn about its merits Tax reforms may also be necessitated by the 
and demerits. The merits anddemeritsof a taxltax changed social economic and political situations 
structureare identified with reference to themajor and changed perception of the government in 
objectives which the tax or tax structure is sup- power about the objectives. Changes in the 
posed to achieve. These objectives may be the economic structure may call for structural 
given economic philosophy of the time or those changes in the tax structure to achieve the same 
identified by the government of the day as objectives. Change in the government may 
important and legitimate. The generally accepted require change in the priority of different objec- 
objectives of a tax include promoting higher tives and/or addition of new objectives and hence 
growth rate of national output, reducing wide necessary required changes in tax structure 
inequalities of income and wealth and maintain- become inevitable [Thimmaiah, 1984,b 2-63. 
ing stability of the growth of output, prices and In democracies anybody who is engaged in 
balance of payments. Though these are broad recommending tax reforms should take for 
objectives of any democratic society in normal granted certain realities of the existing tax 
times, other objectives like winning a war, reha- structure. Any radical changes if recommended 
bilitation of the people before or after the war and will beslow in getting implementedin the existing 
other diverse calamities may also emerge. Such tax structure. It is also necessary to remember that 
specifications of objective functions is also nec- it would be difficult to sell radical tax measures 
essary from the point of view of convincing the in democratic countries not only because of the 
tax payers about the justifiability of the tax. But operationof the psychologicallaw that an 'old tax 
in the ultimate analysis we proceed from the is a good tax', but also because of the complex 
individual welfare function to social welfare reactions which radical tax reform measures 
function. Social welfare function is decided by might encounter from the self-interest pressure 
the government keeping in view the preference of groups. Further, tax reform is a continuous pro- 
the majority of the voters who are also tax payers. cess. Socio-economic circumstanceschangevery 
Hence, it may be assumed that a spectrum of fast necessitating corresponding changes in the 
individual objective welfare functions ultimately objectivesofeconomic policy of the Government. 
get reflected in the national policy objectives of Hence, it is unrealistic to think of tax reforms for 
the government. Any tax or tax structure which long duration. 
is designed is expected to serve these objectives. Whenever some tax reform measures are 

If in the courseof operation a tax or tax structure introduced there is a tendency to evaluate them 
is not found to be serving such predetermined by the tax payers, tax administrators and experts. 
objectives, then introducing required corrections The tax payers evaluate them from the point of 
into the tax structure becomes necessary. This is  view of the additional burden which they might 
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impose on them, including tax payment as well 
as tax compliance cost. The tax administrators 
evaluate them in terms of revenue which the 
reforms are going to yield and the simplicity of 
the task of collecting the revenue. Tax experts 
have tried to develop some specific evaluation 
criteria which comprehend the evaluation criteria 
of the tax payers and the tax administrators. These 
are: first, the tax reform measures should make 
the tax or the tax structure more elastic in its 
revenue yield to changes in the tax base andlor 
the GNP. This has come to be known as the 
built-in-elasticity. This automatically compre- 
hends the least cost of tax compliance an&of cost 
of collection. The second criterion is 
progressivity of taxation. This is more a socio- 
political objective which has now come to be 
underplayed in the name of redefining the concept 
of fairness in taxation. The third criterion is that 
the tax reform measures should make a tax or a 
tax structure neutral in regard to their impact on 
prices. While built-in-elasticity goes beyond the 
test of revenue neutrality, planned neutrality 
expects the tax or tax structure not to create any 
cascading effect on the prices or distort the rela- 
tiveprices in the economy. Finally, the tax reform 
measures should simplify the tax compliance and 
tax collection procedures ultimately resulting in 
lower tax compliance and collection costs. 

2. Tax Reforms in India 

After Independence the perspectives of the 
government of free India changed radically. 
Consequently the objectives of the government's 
economic policy in general and of tax policy in 
particular also changed. Therefore, there was 
need for introducing tax reforms with a view to 
making the tax structure to serve these changed 
objectives. Accordingly, the Government of 
India introduced several tax reforms starting from 
the period of First Five Year Plan. For instance, 
tax reform measures were introduced on the 
recommendation of the Taxation Enquiry Com- 
mission of 1953- 54 [Mathai, 19541. However 
the tax reform measure which attracted 
worldwide attention were those introduced in 
1957 on the recommendation of Kaldor. Nicholas 
Kaldor recommended an integrated. direct tax 

system for India with a view to raising increasing 
revenue by reducing evasion and also to reduce 
wide inequalities of income and wealth [Kaldor, 
19561. Again, during the 1970s many tax reforms 
were introduced on the recommendations of 
Direct Taxes Enquiry Committee Wanckoo, 
19711, and Indirect Taxation Enquiry Committee 
[Jha, 19781. During the 1980s the influence of 
supply side economics brought about far reaching 
changes in the thinking of the Government. This 
got reflected in the tax reform measures intro- 
duced by the then Union Finance Minister, Mr. 
V.P. Singh, in his budget for 1985-86. The 
Chelliah Committee Report is only the latest 
attempt to continue the supply side economic 
philosophy in the sphere of taxation. What is 
noteworthy in all these reforms is that most of 
them were recommended by independent expert 
committees. This ensured a high degree of 
objectivity and sufficient sophistication in mod- 
emising the tax structure. Similar tax reform 
measures have also been introduced at the state 
level on the recommendations of several expert 
committees. In spite of all these reforms, if the 
Indian tax structure still suffers from any defects, 
or is not sufficiently modernised, it is mainly 
because of the constitutional limitations and 
political compulsions which have prevented the 
government from implementing all the required 
reforms. 

3. Chelliah Committee Recommendations 

The Chelliah Committee presented an Interim 
Report in December 1991 and two subsequent 
Final Reports in August 1992 and January 1993. 
The Committee identified its approach in the 
following words: 'As is now well-known, our 
general approach is that the best results, in terms 
of compliance, (and, therefore, revenue), effi- 
ciency and equity are obtained through a system 
incorporating moderate rates on a broad base' 
[Chelliah, 1992, Part I, p. 1 11. In other words, the 
broad approach of the Committee in formulating 
its recommendations relating to tax reforms is that 
the rates of tax should be moderate, and the tax 
base should be widened, so that the tax reform 
measures are not only revenue neutral in the short 
run but will be elastic in the long run. The most 
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important recommendations of the Committee 
may be grouped under the following tax reform 
measures: (I) tax rate cut measures (2) measures 
for widening the tax base (3) modemisation of 
indirect taxes and (4) simplifying assessment and 
compliance procedures so as to reduce the cost of 
compliance. 

The tax rate reduction measures were recom- 
mended in the Interim Report as well as in the 
Final Report. In the Interim Report the rates of 
personal income tax were recommended to be 
reduced to 20 per cent on the fist slab, to 27.5 
per cent on the second slab and to 40 per cent on 
the third slab of above Rs 2 Iakh taxable income. 
Thus the marginal rate of tax on personal income 
was recommended to be reduced to 40 per cent 
and the number of slabs was reduced to three, with 
a further recommendation of reducing these to 
two rate slabs subsequently, In regard to corpo- 
rate tax, the Committee recommended that the 
corporate profit tax should be reduced to 40 per 
cent over a period of three years from 1992-93 
to 1994-95. The Committee also recommended 
abolition of surcharge on corporate tax in 
1993-94, bringing down the rate of corporate tax 
from 5 1.75 per cent to 45 per cent in 1993- 94, 
and further down to 40 per cent in 1994-95. Of 
these recommendations, the Government has 
already accepted and implemented the recom- 
mendations relating to personal income tau and 
corporate tax rates. However, surcharge on 
corporate tax has not yet been abolished owing to 
revenue impact on the budget. 

In regard to indirect tax reforms, the Chelliah 
Committee recommended reduction of the rates 
of union excise duties by reducing the multiplicity 
of rates to 2 or 3 rates of 10 per cent, 15 per cent 
or 20 per cent with a selective excise duty on 
non-essential commodities like cigarettes, etc., at  
the rate of 30 per cent, 40 per cent or 50 per cent. 
In regard to customs duties, the Committee rec- 
ommended in Part-I1 of its Final Report that in 
keeping with the trade liberalisation measures, 
there should be gradual but sharp reduction of 
import duties to a range of 5 per cent to 20 per 
cent. The government has already reduced the 
customs duties to 65 per cent and i n  some specific 
cases to as low as 20 per cent. It is expected that 
the general rate is going to be reduced further in 

the ensuing budget for 1995-96. 
The Committee recommended removal of 

unnecessary tax shelters with a view to broad- 
ening the tax base of personal income tax and 
corporate tax. In particular, the Committee 
recommended taxing of allowances and other 
perquisites of Members of Parliament and State 
Legislatures; more importantly, the Committee 
recommended covering of hard-to-tax groups 
through presumptive tax and estimated income 
scheme. The Government of India has accepted 
and implemented the presumptive tax scheme 
from 1993-94, but has not yet implemented tax- 
ation of the estimated income. 

The Committee recommended widening the tax 
base of indirect taxes. In regard to excise duties, 
the Committee identified about 30 commodities 
which were fully exempt and suggested levy of 
10 per cent ad  valorem excise duty on them. 
Further, the Committee suggested a tax at 10 per 
cent on advertising services, services of stock 
brokers, services of automobile insurance, ser- 
vices of insurance of residential property, per- 
sonal effects and jewellery, and telephone 
services. At the same time, the Committee 
suggested that the Central Sales Tax (CST) should 
be reduced and the proposal to empower the state 
governments to levy consignment tax should be 
withdrawn. The Committee uied toensure broad 
base for the corporate profit tax by recommending 
retention of depreciation allowance at 25 per cent. 
The Committee also recommended the inclusion 
of agricultural incomes above Rs 25,000 with 
income from non-agricultural sources, for the 
purpose of taxation. The Committee recom- 
mended for the abolition of an earlier tax on 
income from interest earnings. The Committee 
also recommended raising of exemption limit of 
gift tax to Rs 30,000. 

The most important and controversial recom- 
mendation relates to the introduction of the Value 
Added Tax (VAT) in place of excise duty upto 
the point of wholesale. No doubt VAT is a more 
modem and economically a rational tax in place 
of the existing indirect taxes. While reduction of 
tax rates would make taxation acceptable to the 
tax payers, VAT would make indirect taxes 
neutral in their price impact and self-policing in 
the collection process. 
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4 .  Tax Reform Efforts in Retrospect except income tax, were becoming either pro- 
portional or regressive in terms of effective rates 

It may be observed in this context that even and other progressivity measures [Thimmaiah, 
before the re-discovery of the supply side econ- 1984, Pp. 21 1-2301. 
omics, the Indian Finance Ministers had recog- High rates no doubt compelled the direct tax 
nised the futility as well as un~roductiveness of payers to resort to evasion; such evasion was 
high tax rates. Philoso~h~ of high marginal encouraged by complicated direct tax laws, par- 
tax rates was the result of the socialistic ideology ticularly deductions and concessions 
which guided the Indianeconomic policy making. which were built into tax laws under the excuse 
We are all aware of Kaldor's recommendation to of achieving horizontal equity as also for pro- 
levy a persona' expenditure m* wealth m, viding incentives for some specific economic 
capital gains tax and gift tax in addition '0 the activities. F~~ instance, the maximum rate of 

existing income tax and estate income above the taxable income was as high [Kaldor, 19561. It should be remembered in this 97.75 per cent in 1973-74. The rmpnate context that Kaldor wanted these taxes to be 
levied at moderate rates. But unfortunately the sector started hiring competent tax planners to 

philosophy of socialistic pattern of society c m k d  it to legally 'OrPorate tax. The 
the day and the then Finance Minister introduced ~ ~ ~ c ~ l a t e  pmple were forced to evade taxes. 
all these taxes with very high marginal rates which Conse4ue"l~ the proption of revenue from 
resulted in large scale evasion and even failure of direct taxes went on declining. when the gov- 
some taxes like the expenditure tax. The Gov- ernment started facing such a situation of 
ernment of India took the advice of Kaldor seri- unproductive taxes as aresult of high nominal tax 
ously and relied too much on his integratedsystem rates with too many deductions and concessions, 
of direct taxes for reducing the inequalities of the only way left for the Union Finance Minister 
income and wealth in the country. What is more, was to go on increasing the indirect taxes to make 
by introducing this package of direct taxes, the good the loss of revenue. This resulted in a 
Government of India tried to convince the masses cascading effect of taxes and added to the price 
that the rich people were bearing heavy tax burden rise every year. Thus a vicious circle of high rates 
and therefore the masses should also contribute of tax and tax evasion started operating in the 
to whateverextentpossible throughindirecttaxes Indian tax system. This naturally the 
for the developmental efforts of the COUntry. This Union Finance Minister. During the early 1970s 
led to frequent revision of rates and coverage of the Union Government appointed the Direct 
indirect taxes. Such unprecedented increase in Taxes ~~~~i~ committee which recommended 
indirect taxation gave a lever to the private that the only way to cut this vicious circle was to 

which was Protected foreign the rates of taxes. Accordingly, the then 
petition, to use increased rates of indirect taxes as Union Finance Minister, while presnting the 
an excuse for increasing the profit margin Budget for 1974-75 observed: 'The Committee pushing up the prices. While the government was 
lulled to complacency on the assumption that the has expressed the view that prevalence of high 

increased taxation would reduce the consumption rates is the first and foremost reason for tax 
and bring down the price level and also that the evasion because this is what makes the evasion, 
system of integrated direct tax system would in spite of attendant risks, profitable and attrac- 
prevent evasion of direct taxes and would reduce tive. The Committee has accordingly rmom- 
the inequalities of income and wealth, in actual mended that the maximum marginal rate of 
practice the prices went on rising as and when income tax including surcharge should be brought 
rates of indirect taxes were increased and the down from its present level of 97.75 to 75 per 
really rich and self-employed income earners and cent. Simultaneously, there should be a reduction 
wealth owners went on evading taxes. By the in tax rates at the middle and lower levels. This 
1970s it was proved that most of the direct taxes, recommendation of the Committee has been 
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accepted by the government with modification. 
I, accordingly, propose to lower taxes of all levels 
of personal incomes' [Budget Speech, 1974-751. 

Two years after reducing the personal income 
tax rates the then Union Finance Minister, while 
presenting the budget for the fiscal year 1976-77 
observed: 'As Honourable Members will recall, 
the rates of income tax of personal incomes, were 
reduced in 1974 on the basis of the recom- 
mendation of the Direct Taxes Enquiry Com- 
mittee. While presenting the Budget for 1974-75, 
my distinguished predecessor had expressed the 
hope that reduction in rates would lead to better 
tax compliance. This expectation has been ful- 
filled and is reflected in the striking increase in 
income tax colIections during the last two years. 
While some other factors including the relentless 
drive against tax evaders and other economic 
offenders, have played a part in improving col- 
lections, it is also obvious that the reduction in tax 
rates has played a major role in promoting for 
better compliance. The remarkable response to 
the voluntary disclosure scheme, where the 
maximum rate was 60 per cent, lends considerable 
support to the judgment that the majority of the 
Indian tax payers would prefer to abide by the law 
and pay taxes as due, provided the tax burden is  
reasonable. 1, therefore, propose to reduce the 
rates of taxes on personal incomes and wealth' 
[Budget Speech, 1976-771. 

Accordingly, maximum rate of income tax was 
further reduced tci 67 per cent in 1976. But such 
repeated tax rate deductions did not improve the 
tax honesty rhainly because of the continuation of 
numerous deductions and allowances. Thus the 
Indian tax structure had acquired some of the 
characteristics of a bad tax system. It had lost 
progressivity. Evasion was too much because the 
incentive for evasion was very high and tax 
planning was made profitable. In  other words, 
Indian tax structure puta premium on tax honesty. 

Thus even before the supply side economic 
philosophy was re-discovered in the west, the 
Indian Finance Ministers were already imple- 
menting the supply side economic philosophy of 
tax rate cuts. However, during the 1980s the 
supply side economic philosophy became 
prominent in the west mainly because of 

unprecedented proliferation of the government 
role in the national economic activity. Such 
expansion necessitated very high tax rates, which 
were supposed to have reduced incentive for 
saving and investment, and high level of Gov- 
ernment expenditure financed by heavy taxation 
led to inflation. Therefore, the supply side 
economic philosophy, which is nothing but the 
economic philosophy advocated by Adam Smith, 
propagated tax rate reductions, reduction in 
public expenditure, including that on social 
security, and scrapping of government control 
and regulations on private sector economic 
activity. 

In the sphere of taxation, the supply side eco- 
nomic philosophy of tax ratecut assumes that high 
level of taxation has been responsible for the 
growth al'ld expansion of the government, high 
degree of tax evasion, disincentives for savings 
and investment and discouragement to the private 
sector. Therefore, the supply side economic 
philosophy advocates that the tax rate cut will 
remove all these hurdles. The reduction of tax 
rates will increase household and corporate sav- 
ings, will promote private investment, which will 
enhance the GNP, and will yield indirectly more 
revenue. The tax rate cut is also assumed to 
promote honesty among tax payers. 

India was not free from the influence of the 
supply side economic philosophy. It influenced 
the economists and policy makers in the mid 
1980s. V.P. Singh's budget for 1985-86 was 
completely guided by the supply side economic 
philosophy. The tax reform measures introduced 
in 1985-86 included raising of exemption limit of 
personal income tax from Rs 15,000 to Rs 18,000, 
reducing the number of slabs from 6 to 4,reducing 
marginal rate of tax from 67 per cent to 50 per 
cent, abolishing compulsory deposit scheme and 
surcharge on income tax. Raising of exemption 
limit on wealth tax from Rs 1,50,000 to Rs 
2,50,000 with a maximum effective limit of Rs 
7.5 lakh, reduction of marginal wealth tax rates 
with only half percent on first slab, abolition of 
estate duty and reduction of corporate tax on all 
types of companies. Besides these, there were 
many other tax relief measures such as removing 
the 20 per cent ceiling on business expenditure 
incurred in connection with sales prqmotion. He 
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also announced a Long Term Fiscal Policy out- 
lining the possible further reduction in corporate 
tax and rationalising other taxes [Budget Specch, 
1985-861. These measures were followed by 
reduction of central excise duties during 1986 and 
introduction of the modified system of value 
added tax (MODVAT) in place of excise duty on 
certain commodities. All these measures were 
consistent with the supply side economic phi- 
losophy. But these measures did not achieve the 
avowed objectives of promoting tax honesty and 
increasing revenue yield, mainly because they 
werc not accompanied by other fiscal stabilisation 
meac;_urcs and also the consequential structural 
reforms (economic liberalisation) measures. Tax 
rate cut measures resulted in substantial revenue 
loss and the resultant increase in revenue deficit. 
Though high marginal rates of tax do become 
counter-productive, there is no objective basis for 
reducing them to a particular level. Whatever 
reduction that has been effected has been mainly 
based on revenue consideration. In other words, 
the supply sidc economic philosophy has pro- 
vided only vague guideline and has not thrown up 
any objective paradigm for introducing specific 
tax policy changes. This fact should be kept in 
mind while determining the extent of tax rate 
reduction. It is also necessary to concede the fact 
that high tax rates do encourage tax evasion 
leading to a vicious circle of evasion and high 
rates. Even so, it is very difficult to pinpoint at 
what level the tax rates encourage tax honesty. 
While reduction of tax rates to a reasonable level 
reduces tax dishonesty, there is no guarantee that 
tax honesty and tax rates are inversely propor- 
tional. It is also open to dispute that reduction of 
tax rate would automatically increase household 
and corporate savings. As a matter of fact, when 
V P Singh reduced the tax rates in 1985-86 the 
corporate savings did not increase sufficiently 
[Thimmaiah, 1990, p. 451. The money saved by 
households on account of excise duty reduction 
went to increase their consumption, because the 
consumer electronics became cheap consequent 
on reduction of excise dutics. 

Another interesting impact of supply side eco- 
nomic philosophy of tax rate cuts was that it not 
only justified reductionof tax rates but also forced 
the tax policy makers to redefine the degree of tax 

progressivity of direct taxes. If we examine the 
actual tax reform measures recommended by the 
Expert Committees in the UK, Canada, New 
Zealand and other countries we find that many of 
them comprised not merely tax rate cuts and 
switch over to VAT but also a redefinition of the 
classical philosophy of fairness in taxation. We 
are all aware of the fact that the theory of pro- 
gressive taxation came to be firmly grounded on 
the socio-political philosophy of reducing wide 
inequalities of income and wealth and the Key- 
nesian macroeconomic theoretical foundation of 
diverting the idlepurchqing power from the rich 
to the government with a view to maintaining the 
desired level of aggregate demand. The socio- 
political philosophy was carried to extremes in 
developing counUies likeIndia. This lcd to a steep 
increase in the 1egaI.marginal tax rates to as high 
as 98 per ccnt. The government used the social- 
istic philosophy to justify them and the public also 
accepted them without questioning their 
operational fcasibility. But the supply side eco- 
nomic philosophy questioned the theoretical 
validity as well as practicability of such steep tax 
rates. Widespread tax evasion resulted in gen- 
eration of black money. The government was 
forced to announce several tax amnesty schemes 
to unearth this black money. Thus supply side 
economic philosophy has been responsible for 
moderating the degree of progressivity in tax 
structure by advocating moderate tax rates. The 
philosophy of fairness in taxation has come to be 
redefined in such a way that it ultimately boils 
down to a variant of proportional taxation. In 
other words, progressivity in taxation has come 
to be reinterpreted as that the effective rate of tax 
on all people should be as far as possible the same. 
This invariably justifies reduction of marginal 
rate of tax, multiplicity of slabs and reduction of 
rebates, concessions and exemptions. 

The supply side economic philosophy has 
caught the imagination of the World Bank and the 
International Monetary Fund (IMF), which 
started selling it to all the member countries 
whenever they approached them for funds. These 
institutions started developing their own version 
of supply side economics while suggesting 
reforms in the tax structures of member countries. 
For instance, the World Bank has been advocating 
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that the rates of corporate tax and personal income 
tax should be the same though it has not explained 
why this should be so. Is it because the corpora- 
tions which are legal entities behave in the same 
way as individuals or because there will be 
substitution if the rates are different? In other 
words, the supply side economics which has 
given rise to a long wave of tax reforms in the 
1980s has only provided a direction and not a 
theoretical paradigm and precise analytical tools 
comparable to the theory of optimum taxation. 

A more important recommendation of Chelliah 
Committee is in regard to replacement of the 
existing excise and sales tax by value added tax. 
Though value added tax can also be attributed to 
the supply side economic philosophy, as ulti- 
mately it amounts to rcducing the tax burdcn on 
theconsumer, it should be treatedas aninstrumcnt 
of modernising the tax structure. This is because 
VAT predates emergence of the supply side 
economic philosophy. While VAT was first 
introduced in Africa in the 1960s, the supply side 
economics emerged in the 1980s. VAT was 
designed as a new tax handle to promote trade and 
commerce across the boundaries of the European 
countries which had formed a common market. 
It was also intended to rcduce the cascading effect 
of other indirect taxes like excise, sales tax, etc. 
Such VAT captured the imagination of the tax 
experts and Financc Ministers all over the world. 
It was introduced in other European countries 
during 1970s and it spread to Asian and Latin 
American countries during the 1980s. Since the 
experience of most of thcse countries has been 
uniformly favourable to trade and commerce, the 
Chelliah Committee probably fclt that it cannot 
close its eyes to the international trend towards 
replacing old indirect taxes by modem VAT. It 
should be mentioned in this context that the Jha 
Committee, which reported in 1978, in which Dr. 
Chelliah was amember,examined the desirability 
of introducing national VAT. But because of the 
administrative and constitutional problems 
involved, the Jha Committee recommended that 
a modified version of value added tax may be 
introduced in place of excise duty on certain 
specified commodities. This recommendation 
was accepted by V.P. Singh and MODVAT was 
introduced in 1986. Under this tax the total tax 

liability is calculated by setting off the taxes 
already paid on inputs, that is in the form of tax 
rebate or tax set-off. The Chelliah Committee 
strongly recommended for a switch-over to a 
nationwide VAT in the near future in place of Lhe 
present indirect taxes system. The Committee 
suggested two alternatives. One is the most ideal 
alternative and the other is the second best feasible 
alternative. The Committee maintained: 'The 
ideal solution, from the economic point of view, 
would be to have a singleVATat the central level, 
reaching down to the retail stage in replacement 
of most indirect taxes other than protective duties 
and sumptuary excise duties- the Central excise, 
the State salcs taxes, the Municipal octroi, the 
Goods and Passengers Tax and the Electricity 
Duty. The procecds of VAT will be sharedamong 
the three levels of government' [Chelliah, 1992, 
Part I, p. 461. 

However, recognising the political realities of 
the Indian federation, the Committee opted for 
gradual switch-over to VAT in place of the union 
excise duties and MODVAT. The Committee 
recommended for the extension of such VAT to 
wholesale point also which is the tax domain of 
the state governments. The second best solution 
isdcfended on the ground that it will reduceexcise 
duty evasion and it is also a legitimate right of 
traders and industrialists to have a most rational 
tax system. 

5. Evaluation of Chelliah Committee 
Recommendations 

We concede the point that there is consensus in 
the country on the need to reform the present 
indirect tax system by introducing VAT because 
of its two virtues, namely, that i t  reduces the 
cascading effect and it is self-policing thereby 
preventing tax evasion and increasing the revenue 
yield in the long-run. However, there is no 
consensus on the issue of the level at which VAT 
should be introduced in India, whether at the 
central govemment or at the state govemment 
level. At present, the system of union excise 
duties bristles with many administrative prob- 
lems of which two are very serious- the problem 
of classification of excisable goods and the 
problem of their valuation. There is also a feeling 
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that the state government's sales tax creates 
cascading and trade diversion effects and it has 
been injurious to the operation of the united 
common market which has been guaranteed by 
the Constitution. In other words, both these 
important sources of revenue of the central and 
the state governments are found to be inefficient 
instrumentsof the Indian tax structure. Therefore, 
there is merit in Chelliah Committee's recom- 
mendation to levy a national value added tax in 
place of all indirect taxes in the country. But such 
a tax measure is not acceptable in the near future 
at the state level. Even the second best solution 
of extending central VAT upto the point of 
wholesale, is also not acceptable to the states 
because most of the state governments levy their 
singlepoint sales tax at the firstpoint of sale which 
is the wholesale point. Sales tax revenue con- 
stitutes about 60 per cent of the total tax rcvenue 
of the state governments. Of this, almost about 
90 per cent of the revenuc (of the sales tax) comes 
from the single point sales tax levied at the 
wholesale point. If the central VAT is extended 
to the wholesale point, so much of revenue will 
be lost to the state governments which cannot be 
made good from any other source. It should in 
all fairness be mentioned here that Chelliah 
Committee categorically recommended that the 
state governments should be allowed to collect 
the central VAT at the wholesale point in col- 
laboration with the central VAT administrators, 
which means that there will not be any loss of 
revenue to the state govcmments. But the rates 
will be determined by the central government and 
the state governments will be allowed to collect 
and appropriate that revenue. In othcr words, the 
central VAT when extended to the point of 
wholesale, will be in the form of a central sales 
tax. Most of the state governments are not happy 
with the central sales tax arrangement because it 
has led to large scale evasion through consign- 
ment transfers. In the absence of a tax on 
consignments to capture this clandestine 
inter-state sale, VAT at the pointof wholesale will 
substantially reduce the revenue for the state 
governments. Further, VAT at the wholesale 
point will not fully protect the revenue of the state 
governments unless the rates are pitched too high, 
because the tax base will become net value added 

and not the total sale value as in the case of the 
present sales tax. This can be off-set by allowing 
the state governments to tax scrvices also. This 
will be a positive incentive to induce the state 
governments to agree for central VAT at the 
wholesale point. But the state governments 
would always look upon any such proposal from 
the central government with suspicion because of 
their bitter experience of the past. This was 
evident from the opposition to the alternative 
propsals presented to the State Finance Minis- 
ters by the Union Finance Minister in May 1994. 
The failure of the central governmcnt to fulfil all 
the terms of agreement under additional union 
excise duty arrangement, namely, raising the 
incidenceof additional union excise duties to 10.8 
per cent of the value of clearance, increasing the 
ratio of basic and additional union excise duties 
to 2: 1 and conversion of spccific duties into ad 
valorem duties, stands out as a classic example of 
untrustworthiness. Further, the central govern- 
ment which promised on several occasions to 
enact the empowering legislation to enable the 
states to levy consignment tax has been turned 
down on the recommendation of Chclliah Com- 
mittee. Third, the central government has not 
bothered to tap the sourccs of revenue provided 
under Article 269 for the benefit of the states. 
Finally, the central government has been evading 
the issue of sharing the revenue from corporate 
tax evcn after the recommendations of the Sar- 
karia Commission. All these have convinced the 
state governments to believe that the central 
governmcnt will not keep up any promise and is 
bent upon making further inroads into the tax 
domain of the state governments with false 
promises. This psychological resistance based on 
firm historical experience will not allow the 
central government to levy VAT at the wholesale 
point. Then what is the way out? 

Definitely weneed tomodemise our indirect tax 
system to catch up with the advanced as well as 
many developing countries which have switched 
over to VAT. Switching over to VAT is apart of 
globalising process. This is an important step 
towards globalising the Indian economy. 
Therefore, there is no disagreement on the need 
to introduce VAT in the country. This dis- 
agreement is only on who should experiment it 
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first. Since the central government has been the attempt of the Committee to make its recom- 
culprit ail along in mating mistrust of the states, mendations revenue neutral has not been suc- 
the central government should come forward to cessful. The nominal revenue from the direct 
prove its bona fides first. Since the central taxes may have increase- because of the growth 
government has already acquired some experi- of economic activity and the resultant growth of 
ence in levying a variant of VAT by levying the GDP. The net effect of the Chelliah Com- 
MODVAT, it would be better to replace union mittee recommendations has been revenue loss 
excise duties by VAT. The presently operating under direct, as well as, under indirect tax 
union excise duty system bristles with many reforms. It may be observed from Table 1 that 
problems and hence it needs to be reformed much the growth rates of yield from major taxes of the 
more urgently than the reform of sales tax at the central government have been fluctuating during 
state level. Problems of valuation and classiti- the period of tax reforms- The loss has been 
cation of duties have become insurmountable in substantial under indirect tax meXSWeS particll- 
the case of union excise duties. The recent lady as a result of excise duty reductions and 
judgment of the Supreme court relating to the reduction in import duty level. It is  pertinent to 
definition of what manufacturing has ask the question that when the revenue deficit of 
further complicated the matter. Technological the Government of India has been so 
developments have made the distinction between continued tax rate cut measures are a 
manufacturing and wholesale a grey area. Even wise tax policy programme. How is it that the 
the distinction goods and services has Chelliah Committee recommended raising of 
come to be blurred because of the technological exemption limit of gift tax from Rs 20,000 to Rs 

30,000 without bothering to recommend intro- developments. Therefore,it would bebetter if the duction of scheme of assessing the gin tax in mion excise duties are by VAT Over the hands of doneesas contemplated by the former the country. This will provide a useful experience 
for a period of say 5-7 years; if such VAT Finance Minister, Madhu Dandavate? In fact, 

because of the failure of the Union Finance 
succeeds7 then the 'late may be Minister to reduce revenue deficit, as a result of 
persuaded to go for state level VAT in place of revenue loss, in spite of rduction in subsidies, he 
sales tax. This is a more feasible and practicable was to reduce the capia expenditure 

of modemising the Structure of the with a view to reducing the fiscal deficit. me 
country. Chelliah Committee Report, no doubt, attempted 

Any tax reform be revenue to globalise the Indian tax structure, but in the 
tax rate reduction propamrne is pmcess has compelled the Union Finace Min- 

deliberately intended to provide tax incentives for ister t~ postpone the objective of achieving fiscal 
specific sectors or groups of people as a part of stability. 
overall fiscal policy. The Chelliah Committee ~ h ,  most aspect of the chelli* 
was guided by the supply side economic ~hilos- Committee recommendation is that some of the 

tax rate cut to promote lau and recommendations are patently anti-state govern- 
corporate savings- The Committee uied to make ments. The recommendation to levy cenual VAT 
the tax cut measures r ~ v m u e  neutral by uplo the wholesale point, the recommendation not 
su,Wsfing n~easures to widen the tax base. For to levy consignment tax and the recommendation 
this reasons the Cbmmittee n ~ ~ n ~ m e n d e d  the to reduce rate of central sales tax from 4 per cent 
imposition of presumptive tax and intmhction to 1 per cent are clearly intended to reduce the 
of estimated income scheme for the purpose of taxing power of the state governments. The 
income tax. The Union Finance Minister intro- Chelliah Committee openly advocated for the 
duced a presumptive tax on difficult-to-tax central government making inroads into the tax 
income groups in 1993. But the yield has been domain of the state governments just to satisfy 
discouragingly low. The estimated income traders and businessmen. This is not going to 
scheme has not yet been tried. In other words, the promote harmonious centre-state relations in the 
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country. These recommendations, when carried movement of goods and services are subject to 
to their logical end, will create political tensions. the states' right to regulate them within their own 
The concept of a united common market is a boundaries. When the whole country is talking 
theoretical one. Even the Supreme Court has about decentralisation, the Chelliah Committee 
accepted the fact that in a federation, free advocated centralising fiscal process. 

Year Income Annual Uni.m Annual Customs Annual Colpo- Annual Tax on Annual Gift Annual Total 
Tax Percen- exnse Percen- Duties Percen- ration Pexcen- Wealth Percen- Tax Percen- Revenue 

Receipts tage duties tage (Net) rage Tax tage us. tage (Net) 
(Gross) Growth IGross) Growth Growth Growth Growth Growth 

.- , - 
Source: TheRBI Bullelin and Report on Currency andFinmce, (Various Issues), Reserve Bank of India, Bombay. 

The most important component of tax reform industry. 
required to modernise Indian tax structure is The Chelliah Committee recommended many 
shifting the tax structure from scheduler rate procedural simplifications in the tax assessment 
structure to non-scheduler global rate structure. and payment of taxes. It is very difficult to assess 
The Committee did notpay much attention to this the net impact of all these procedural reforms on 
aspect. No doubt the glaring scheduler income the cost of collection and of tax compliance. The 
tax system which is operating in India is the result simplification of tax assessment and collection 
of the constitutional division of power to tax procedures should not only reduce the cost of 
incomes between the central and slate govern- collection but, moreimportantly, it should reduce 
ments. In an attempt to integrate them the the cost of compliance- both real and monetary. 
Committee recommended taxing of agricultural The Committee did not look into the need for 
income above Rs 25,000, if such income is reducing the cost of compliance. The Committee 
derived by non-agricultural income tax payers. suggested measures to simplify tax procedures 
The constitutional validity of such a measure is intended to reduce tax harassment, i.e., to reduce 
yet to be tested. the real cost of tax compliance. We are all aware 

But the Committee failed to recommend abo- of the fact that over the years the Indian tax 
lition of Hindu undivided family as a unit for structure has shifted the cost of collection to the 
income tax assessment. Further, the income from tax payer by increasing the cost of compliance. 
capital gains from trading in stocks and shares is Expert committees and experts have not noticed 
separately taxed at 30 per ccnt for companies, this invisible change that has taken place in the 
firms and associations and at 20 per cenl for tax law and administration. When the cost of tax 
individuals. This is uncalled for. Similarly compliance increases it would offsct the benefit 
income from lottery prizes is taxed at 33.3 per of tax rate cuts and the net impact of tax rate cuts 
cent. The Committee overlooked the scheduler would be reduced. The Committee did not pay 
rates operating under income tax for diffcrcnt sufficient attention to this aspect of tax reform. 
sources of income. Inother words, the Committee Finally, the tax incentives given for savings in 
did not bother to modemise Indian tax structure the Indian direct tax structure were mainly 
in keeping with the policy of updating industrial intended to augment public sector borrowings, 
technology. It concentrated mainly on tax rate i.e., toencourage household savings to flow to the 
reductions to earn appreciation of business and financial institutions which were compelled Lo 



790 JOURNAL OF INDIAN SCHOOL OF POLITICAL ECONOMY OCT-DEC. 1994 

subscribe to government loans. In other words, 
the existing tax incentives for savings continue to 
divert household savings to public sector bor- 
rowing and investment where the capital use 
efficiency is the lowest. The Chelliah Committee 
which propounded supply side economic phi- 
losophy of tax rate cuts should have recom- 
mended broad basing of tax incentives for 
savings, so that savings would flow to the private 
sector where the capital use efficiency is rela- 
tively better than that in the public sector. For this 
purpose the Committee should have 
recommended extending the tax incentives for 
private sector mutual funds, company deposits 
and bank deposits. This is another area which has 
not been touched by the Chelliah Committee. 

On the whole, the Chelliah Committee has 
carried forward the supply side economic phi- 
losophy and has attempted an impracticable 
approach to rnodcrnise the Indian tax system. 
Many recommendations made i n  its Interim 
Report have already been implemented. Probably 
the most difficult recommendation to implement 
is in regard to VAT. The issue will have to be 
sorted out by proper understanding of the politi- 
cal, economic and fiscal relations between the 
centre and the states. Economic liberalisation 
should not imply promoting centralising fiscal 
process. It should leave the states free from day 
to day interference and dependence on the central 
government. The Chelliah Committee recom- 

mendations particularly relating to VAT will have 
to be appropriately modified, if we want to retain 
the federal character of the Indian fiscal system. 
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BOOK REVIEWS 

Dhawan, B.D., 1993; ~rendsand~ew ~endencies 
in Indian Irrigated Agriculture, Common- 
wealth Publishers, New Delhi, Pp. xiii+294, 
Price: Rs-3251-. 

The development of irrigation potential was one 
of the immediate priorities of post-Independence 
(post-partition) India in its efforts towards agri- 
cultural development. Our Five Year Plans, have 
given greater attention to the development of 
irrigation, in terms of massive allocations for 
construction of major/medium and minor irriga- 
tion systems. It is certain that irrigation systems 
have played a crucial role in India's agricultural 
development. 

Dhawan's book, entitled Trends and Tenden- 
cies on Indian Irrigated Agriculture is the out- 
come of a thorough investigation into the Indian 
irrigation data base. The fourteen chapters can be 
grouped into six sections based on the nature of 
issues addressed. 

Section one (chapters 1,2 and 3) examines the 
relationship between intensity of cropping and 
irrigation at the aggregate (national) and disag- 
gregate (State) levels. The analysis of 'irrigation 
induced yield' throws light on the disparities 
across the States in terms of their differential 
status in irrigation endowment. and geographical 
setting. Issues like creation and utilisation of 
irrigation potential- both surface and ground 
water- and the infirmities in Indian irrigation data 
base have been critically examined in section two 
(chapters 4 ,5  and 6). Section three (chapters 7,8 
and 9) gives a better understanding of the prob- 
lems in irrigation water management in India. 

The ideaof 'conjunctive use of irrigation water' 
is explained in the light of the unique experience 
drawn from the Sardar Sarovar Project (SSP) in 
Gujarat. Section four (chapters 10 and 11) 
underscores the impact of irrigation development 
on food grains production and employment gen- 
eration. Section five (chapters 12 and 13) unfolds 
the scope of alternative modes of irrigation like 
the sprinkler and drip irrigation methods in 
economising water u s e  and also the new dimen- 
sion in Indian irrigated agriculture, i.e., the 
emergcnceof 'ground water markets'. Section six 
(chapter 14) summarises the various issues dis- 
cussed in the book. 

The author makes a strong case for a fresh and 
thorough empirical investigation into the impact 
of irrigation on intensity of cropping. The existing 
methodology is found to be handicapped by poor 
definition/ specification of variables like irriga- 
tion and intensity of cropping in the empirical 
model. Accordingly, the conventional regression 
analysis has been improved by him by the addition 
of another irrigation variable, viz., Intensity of 
irrigation, attempted earlier by Dharm Narainand 
Roy [1980], which gives a better representation 
of the quality aspect of the basic irrigation vari- 
able, net irrigated area. 

Cross sectional and time series data have been 
used for the intensity of cropping analysis both at 
the national and statelevds for the period 1950-51 
to 1987-88. Though the time series model had a 
higher impact value of irrigation, i.e., 0.65 (cross 
sectional value being 0.46), i t  has been found to 
be biased upward because of the omission of 
variables like tractorisation from the regression 
model. The state-wise time series analysis has 
shown larger variation in the level of irrigation 
impact on intensity of cropping due to the problem 
of high multicollinearity among various types of 
irrigation sources in some of the states and the 
infirmities in irrigation data base (in terms of 
stickiness over time) in some others. 

In a water scarce economy like India the choice 
between irrigation and dry land technology 
assumes significance. A major thrust on the 
development of dry land technology in India is 
necessitated by the large area going out of culti- 
vation due to problems of waterlogging, salinity 
and alkalinity on the one hand and the limited 
prospects of irrigated regions in meeting future 
food requirements on the other [parnanna, 199 11. 
The author does not prefer a shift in policy 
towards dry land technology as it will not result 
in self-sufficiency in the production of food 
grains; it should be an option only when no further 
irrigation capacity can be exploited. But, this 
seems to be a wrong contention as it does not 
foresee the sustainability of the resource base and 
the existence of water scarce regions of the 
country which have to go for dry land technology 
to provide sustenance. 

The reliability of Indian irrigation data base as 
provided by the Planning Commission has been 
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subjected to cross-examination, The rosy picture 
of full utilisation of irrigation potential should be 
taken with circumspection, because, i) the 
downward trend in the rate of irrigation capacity 
utilisation isnot well foundedand ii) the evidence 
of full capacity utilisation in minor irrigation 
segment is suspect. He points to the divergence 
in the Planning Commission's estimates with. 
those of the Directorate of Economics and Sta- 
tistics in the Ministry of Agriculture. 

With the advent of the HY V technology, there 
has taken place a rise in ground water bascd 
irrigation in terms of investment on tubewells, 
dugwells, borewells and dug-cum-borewells. 
This is supported by the fccling that big dams are 
no longer a viable proposition due to their over- 
head cost component and environmental darn- 
ages. Ground watcr ensures incrascd agricultural 
production, has short gestation period in 
establishment and timeliness in irrigation opera- 
tion. 

But, due to their indivisible nature of 
investment, the ground water irrigation proves to 
be cost ineffective when comparcd to major 
irrigation works. Energy consumption is also 
much more in ground water irrigation. The 
pump-set combined with advances in boring 
technology for ground water conservation seems 
to be a non-viable option as it leads to over- 
exploitation of ground water resource base. The 
rapid diffusion of pump-set technology have 
made the state governments enact suitable legis- 
lation for ground water regulation. The author is 
highly criticalabout the socslledanti dam groups, 
including the Central Ground Water Board 
(CGWB) who underestimate the 'hidden costs' 
of well irrigation and over-state the ground water 
potential. 

The question of sustainability of water 
resources arises due to excessive wilhdrawals of 
water for irrigation, industrial and civic uses and 
siltation of the reservoirs, Also, there is consid- 
erable wastage of water at the farm level due to 
lack of necessary land development works, which 
is a serious constraint in achieving efficacy in 
water management. The author's feeling that this 
wastage has been eliminated through the on- 
going Command Area Development Authority 
(CADA) programmes is questionable in the light 

of the empirical evidence which prove the failure 
of CADA in fulfilling the proposed objectives. 
CADA is supposed to be responsible for water 
utilization and integratedarea development in the 
irrigation command, including modernisation of 
the distribution system, the provision of drainage 
and the maintenance and operation of both the 
distribution and drainage systems [ Government 
of India, December 1984, p. 20; Reddy, 19901. 

The idea of conjunctive use of irrigation water 
is yet to receive wider attention. In India, Sar& 
Sarovar Project (SSP) in Gujarat is the only 
project to have incorporated the idea of con- 
junctive use of irrigation water in its project 
planning. The whole theme of conjunctive use of 
irrigation water signify the jointutilisationofboth 
surface and ground water resources for irrigation. 
This will avoid over exploitation of the resource 
base. Though empirical studies indicate higher 
level of produc tivity under conjunctive irrigation, 
the additional productivity as aresult of the added 
costs of conjunctive irrigation needs further 
probing. 

The author is concerned about the consequences 
of intensive irrigated farming in the SSP com- 
mand area. If the farmer opts for more water- 
intensive crops (as happened in Punjab and 
Haryana) likepaddy, sugarcane, fruits, etc,, it will 
lead to overdraw of the ground water, thereby 
causing strain on the ground water resource of the 
SSP command. This phenomenon can be con- 
tained through policies, like, restricting the Jlo- 
cation of licenses in the case of sugar mills. 

Though the lift mode of irrigation is an 
alternative to big dams, its high cost makes it less 
dependable as it cannot serve the beneficiary 
farmers meaningfully during years of rainfall 
failure. Very often, the scale economies of lift 
irrigation tend to be offset by the diseconomies 
experienced in water distribution segment. The 
author gives a brief account of lift inigation in 
India, their nature of enterprise, cost structure, 
irrigation coverage, etc, He also examines the 
salienteconomic featuresof the studies by Sharan 
and Kayastha [1990], NABARD [I9881 and 
Acharya [1991] on lift irrigation, 



VOL. 6 NO. 4 BOOK REVIEWS 

It is obvious that irrigation development has its 
impact on the economy at large in terms of 
employment generation and food grains produc- 
tion. The author blames Indian water planners for 
being least concerned about the impact of 
irrigation development on employment genera- 
tion. 

In terms of labour absorption, the irrigated 
segment has a better claim over the rainfed 
segment due to a rise in individual crop yield, rise 
in intensity of cropping and a shift in cropping 
pattern in favour of high yielding, remunerative 
and water intensive crops, all demanding an 
increased labour input. But, the author comes up 
with the finding (as experienced in the Ghod 
command in Westcrn Maharashtra) that the 
employment effect of irrigation decreases as crop 
yields on irrigated lands rise ovcr time, due to 
input intcnsification. 

In contrast Biwakar [1989], who studied 40 
traditional wells and 60 modem wells, found that 
the modem wells provided employment for 140 
person days per hectare as compared to 121 
person days per hectare in the case of traditional 
well irrigation, thus ruling out the labour dis- 
placement effect of input intensification. The 
irrigation ratio under modem wells was 0.79 as 
against 0.37 under traditional wells. 

Theauthor examines the impact of irrigation on 
food grains production in a regression analysis 
framework, whereby, time series of food grains 
production over the post- HYV/ Green Revolu- 
tion period (1964-65 to 1985-86) is regressed on 
the time series of irrigated area of a given region. 
For analytical simplicity, the states have been 
grouped into regions, viz, Northern, Southem, 
Eastem, Western and Central. The region-wise 
movements in food grains production and irri- 
gation devclopment showed a highcr rate of 
growth in food grains production in the Northern 
region and a higher growth in irrigation devel- 
opment in the Central region. In the Southern 
region, despite its low position in the expansion 
of irrigation facilities, the rate of growth in food 
grains production was impressive. The better 
performance in production as shown by the 
Northern region has bcen due to the strict follow 
up of 'warabsmdi' and the 'localisation pattern'. 

In recent years, there is an awakening among 
the ground water scarce economies towards 
developing technologies that will help in econo- 
mising water use. Sprinklers and drippers are 
considered to be effcctive modes in achieving 
economy in irrigation water use, 25-40 per cent 
in the case of sprinklers and 45-60 per cent in the 
case of drippers. But the investment in sprinklers 
or drippers is not a solution to the problem of over 
exploitation of capacity, as these modes are not 
suitable for all the crop varieties. In USA, the 
investment is motivated by horticulture. 
Whereas, in India, the situation is altogether 
different as opr cropping pattern is dominated by 
paddy with a low share for the horticultural 
segment in the total agricultural sector. Again, 
due to the preponderance of small and marginal 
land holdings, and lack of consolidation of these 
holdings, the investment on these modes proves 
to bc highly indivisible. 

The emergence of 'ground water markets' is a 
new trend in Indian irrigated agriculture. Such 
ground water markets are, at present, benefiting 
5 to 7 million hectares of cropped area in the 
country [Shah, Tushaar et, at, 19891. This esti- 
mate reveals that about 15 to 20 per cent of our 
ground water based agriculture is sustained by 
these markets. Since the availability of surplus 
inigation capacity generated out of a modem well 
(over and above one's own use) enables one to 
trade in such a resource, there is enough scope for 
further investment on well irrigation, especially 
tubewells. The seller of water is fortunate enough 
to have potential demand from different sections 
of the farming community. 

Despite the benefits that ground water markets 
can claim, they are not without rescrvations. A 
major limitation is the emergence of a class of 
'water lords', who go on extracting monopoly 
rcnts from the small and marginal farmers for sale 
of water. The author's f a r  that the emergence of 
'water lordism' may bring back the feudal lordl 
zamindar and the tenancy evils, is misplaced in 
the event of the initiative of the 'water buyers' to 
instal wells on their own. This calls for necessary 
credit support from the lending agencies, 
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demanding a drastic restructuring in the func- 
tioning of our financial institutions, who over the 
year have developed a 'rich farmer bias' in their 
tending policies, 

The author brings out certain disquieting fea- 
tures of our hitherto experience with planned 
economic development strategy in the irrigation 
sector. The financial status of most of the public 
irrigation works is found to be dismal. These 
projects are unable to meet their working 
expense$, due mainly to the gross under- pricing 
of irrigation water by the state governments. It is 
unfortunate that over the years, we had been 
mislcd by the steeply accelerated emphasis on 
major irrigation development over time. But, 
when compared to the totality of investments 
made in Indian agriculture, the investment made 
on irrigation is not at all significant. 

There are certain issues left unaddressed by the 
author (he himself mentionsit elsewhere), like the 
emergence of Pani Panchayats and the decline in ' 
local institutional arrangement for tank irrigation. 
Similarly, the issue of water management in the 
canal commands requires serious attention. It is 
widely reported that due lo over appropriation of 
canal water and unauthorised use of heavily 
irrigated crops by the farmers at the head and 
middle reaches, the farmers at the tail end always 
stand to lose. This could be prevented through 
imposing localisation pattern and irrigation dis- 
cipline in the canal commands. Facilities like 
agricultural extension services should be made 
available to the farmers, so that they will equip 
themselves for scientific water management by 
economising the use of water. 

The problem of conveyance losses is  not taken 
care of in terms of adequate land development 
works like lining ofcanals, levelling the land, etc., 
in many of the major irrigation works. 

The over exploitation of the surface and ground 
water resources could be avoided if the farmers 
at large opt for the conjunctive use of irrigation 
water. This is perhaps one of the viable options 
to make our water resource base asustainableone. 
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Dennis Kux, Estranged Democmcies -India and 
the United States, 1941 -1991, Sage Publica- 
tions,NewDelhi, 1994, Pp. xxiv+514, PriceRs. 
3 7 s .  

Dennis Kux, the author,of this book, was an 
American diplomat for about thirty years and then 
became Executive Director of the Association for 
Diplomatic Studies, Arlington, Virginia, and a 
Visiting Fellow at the National Defense Univer- 
sity, where he researched and wrote this history 
of the Indo-US relations. How extensive the 
research was is shown by the fact that the first 
chapter of thirty-eight pages of narrative is fol- 
lowed by eight pagesof 133 notes and comments. 

With that amount of research, the book has 
turned out to be a very even-handed narration. 
Each country's actions and reactions have been 
faithfully recorded. Three important areas of 
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relations can be chosen to illustrate this. One is 
that of security, the second of US aid and the third 
of each country's position over global events. 
India's strong reactions to the US arms aid to 
Pakistan, and India's gratitude for food aid and 
for the defence aid against the Chinese aggression 
have been well recorded. So have the two coun- 
tries' differing perceptions and reactions to the 
developments in Hungary, Czechoslovakia, 
quez, Formosa, Indo-China, Afghanistan, etc. 

The study set out to enquire as to 'what caused 
these two countries to have such volatile relations, 
occasionally friendly, sometimes hostile, more 
often that not estranged?' @. xi). What the study 
found out was that Washington and New Delhi 
fell out because they disagreed on national 
security issues of fundamental importance to 
each. Moynihan, who has been US ambassador 
to India, has in his introduction to the book said 
the same thing. 'The United States and India', 
says he, 'are estranged democracies not because 
we have failed to understand each other but 
because of conflicting policies we and they have 
pursued with regard to the most elemental of 
national interests, military security' (p. xvii). 

The book however does not go into the merits 
of each country's perceptions about its security. 
Kux tries to let the story largely tell itself without 
much attempt at theorising (p. xiii). Moynihan 
contents himself by saying: 'Indian fcar of 
Pakistan may have been irrational as Ambassador 
Kux suggests. It was no less real' (p. xix). With 
this deliberate staying away from evaluation, the 
book does not give the readers a key to the 
understanding of what lay behind each country's 
reactions and positions. 

Since military security is seen as the main 
determinant sf these relations, it would be 
worthwhile to say something more about it. The 
author says 'India was lined up with America's 
principal foe, while,at the same time, Washington 
was itself aligned with India's major enemy. Not 
a recipe for amicable relations' (p. xxi). In these 
enmities,Russia has more tocomplain against the 
USA and India has more to complain against 
Pakistan, rather than the other way around. 

It is necessary to recall that at the birth of the 
communist regime in Russia, it was the west- 
European capitalist powers which supplied men 
and material to the anti-communist forces within 

Russia. The exploiting systems that these western 
powers were, looked at the communist ideology 
itself as their enemy. The US was a natural ally 
of these powers and came to have its own global 
interests. Anti-communism became a cardinal 
principle of its policy. (Nehru has recorded the 
foreign intervention in Russia in his Glimpses of 
World Ifistory. Eisenhower's mention of Rus- 
sians as 'a non-European people who also suf- 
fered from the West' (p. 143) - is too mild a 
statement). Communism began as a movement to 
free the masses from economic exploitation and 
to establish a just economic order. Stalin's 
important contribution to communist practice 
was to limit the use of Russian power to the 
establishment of communism in that single 
country. He made communism national rather 
than international. Communist ideology was of 
course spreading elsewhere, but not through 
Russian a n s ,  though Russia helped its spread. 
Moynihan says 'We never got it clear in our heads 
whether by (Russian) expansion we referred to 
the Red Army or the Communist Party' (p. xix). 
That is not really true. America had seen China 
'go' communist without the help of the Russian 
Army. Other people were also 'going' commu- 
nist. Their struggle against colonial powers was 
two-fold. It was for freedom from foreign 
domination as well as from economic exploita- 
tion. In this process a national movement itself 
became a communist movement. If Truman or 
Dulles, Nixon and Kissinger did not see this 
clearly, Eisenhower cerbinly did. 'Eisenhower 
was less antagonist toward India and more con- 
cerned about relations with former colonial states, 
than his Secretary of State (Dulles). He worried 
that if the West failed to support decolonization 
and economic development, the countries of Asia 
and Africa would become independent anyway 
andfind communism attractive' @. 184, emphasis 
added). So, there is no reason to believe that, as 
Moynihan has said, the Americans were not clear 
in their heads on this issue. What seems to have 
happened, and this needs further study, is that the 
Americans had no clue as to how to deal with the 
ideological threat. They were too tied up with the 
colonial powers and ended up with opposing 
freedom struggles simply because these struggles 
had communist influence. 

The Indian side to the Indo-US relations was 
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largely shaped by the US'S arming ofPakistan. In 
the face of repeated w e d  invasions by Pakistan, 
India's fears were certainly not irrational. India's 
fears wen: not that Pakistan would vanquishIndia, 
but an invasion certainly puts a strain on Indian 
defences and on the Indian economy. It is the 
US-Pakistan alliance that pushed India closer to 
the Soviet Union. Nehru had told the very first 
American ambassador that India disliked the 
undemocratic and totalitarian nature of the Soviet 
regime (p. 57) and it was only in 1955, when 
America had finally decided to arm Pakistan that 
'Nehru was prepared to edge India closer to the 
Soviet Union, to offset US support for Pakistan' 
(p. 118). When under the Nixon-Kissinger 
regime, the US-Pakistan axis threatened to 
become a US-Pakistan China axis, India had 
naturally to be soft on Russian misdeeds. Even 
then, India did try to lead the non-aligned 
movement and, as Kissinger wrote in his mem- 
oirs, 'Mrs Gandhi (around 1975176) gave indi- 
cations of wanting to maintain a certain distance 
from the Soviets and to seek better relations with 
the US despite the scars left by 1971 (US role in 
the Bangladesh war) and the insistent US media 
criticism of the Emergency' (p. 337). This 
account by Kux does not bear out his statement 
that India was tied up with America's principal 
foe. In the case of global events India just couldn't 
go along with the US in looking at every 
communist-influenced movement as an extended 
arm of Russia, inimical to the US. That the US 
was displeased with India's attitude is another 
matter. 

Many of the determinants of the Indo-US 
relations have now changed. With the decline of 
the Russian army as well as of the communist 
doctrine, the US is no longer obsessed with the 
Russian threat. It has practically given up its 
alliance with Pakistan. India has become a major 
power in Asia, militarily as well as economically 
and has no need to beg for aid. The time is ripe 
for 'more mature relationship' between the two 
countries. Kux gives the following prescriptions 
for good relations: 

(1) If India makes US-bashing a national 
Political pastime ... if Washington functionaries 
continue to have an almost knee-jerk negative 
attitude of distrust towards India, it will be dif- 
ficult to advancerelations (p. 451). (2)The United 

States needs to respect India's security 
sensitivities .. . @. 45 1) (3) In the economic area, 
the US should show more understanding of 
India's enormous problems and poverty, espe- 
ciaily in relations to trade policy questions (em- 
phasis added) (p. 451). (4) India has to open up 
her economy and give greater scope for market 
forces for inducing the US private sector to invest 
in and trade with India. f 5) nemos t  difficultissue 
is that of nuclear weapons. A nuclear Pakistan has 
in effect achieved strategic parity with India. How 
effectively and calmly Washington and New 
Delhi deal with this difficult and dangerous 
problem is certain to have a major impact on the 
Indo-US relations (p. 452). 

One can whole-heatedly agree with Kux. Only 
that the nuclear issue is not just one between India 
and Pakistan. India wants toknow what the major 
N-weapon powers are doing to destroy their own 
weapons and to submit their nuclear establish- 
ments to international inspection. 

B.P. Patankar, 
155, Hanuman Nagar, 

Nagpur - 440 009. 

Reddy K.N. and V. Selvaraju, Health Care 
Expenditure by Government of India 1974-75 
to 1990-91, Seven Hills Publications, New 
Delhi, 1994, Pp. x+l99, price Rs 275/-. 

This study on expenditure on health care by the 
Central, State and Union Territory Governments 
has been undertaken by the authors with the 
objective of (i) to estimate the size and compo- 
sition of health care expenditure (ii) to examine 
the trends in health care expenditure from 
1974-75 to 1990-91; (iii) to present the interstate 
variations in health care expenditure; (iv) to 
examine the linkages between plan and non-plan 
expenditure and (v) to study the priorities i n  the 
allocation of resources among different health 
categories and programmes and by sectors. Thc 
study has been undertaken for the years 1974-75, 
1978-79, 1982-83, 1986-87 and 1990-91 : Thc 
health care expenditure studied pertains to (a) 
medical and public health, (b) family welfare, (c) 
water supply and sanitation, (d) nutrition and (e) 
child and handicapped welfare. The study is made 
up of the introduction, six chapters and over 130 
pages of appendices and tables. Chapter 2 gives 
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a detailed account of how the health care expen- 
diture of the governments in India has been 
estimated for this study. However, except for a 
break-up of the actuals and outlays on health, 
family welfare, water supply and sanitation for 
the different Plans given at table 3.1 (p. 9), and 
total health expenditure for the five years men- 
tioned earlier at table 3.2 (p. lo), all other tables 
pertaining to the study have been given in 
per-capita terms. It would have been interesting 
if the break up of actual expenditure, state wise 
and department wise under the different heads of 
study and years had also been given for follow up 
studies by any other researcher. 

Chapter 4 deals with the inter-state variations 
in health care expenditure for 1974-75 to 1990-91. 
Among the major states, Kerala had the highest 
per-capita expenditure on health care in 1974-75 
dropped fourth place in 1978-79, but stayed in the 
second place during 1982-83, 1986-87 and 
1990-9 1. At the other extreme, Bihar ranked the 
lowest in per-capita expenditure for three of the 
five years, and only a rung higher for thc other 
two years (p. 20). Expenditure on medical and 
public health washighest in 1974-75 and 1978-79 
in West Bengal, but the State dropped to the 
second position in 1982-83 and 1990-91 and to 
the fifth position in 1986-87 (p. 21). The per- 
capitaexpenditure on family welfare was highest 
in Orissa during the period 1974-75 to 1986-87 
but dropped to the last position in 1990-91, 
yielding place tq Kerala as the f is t  in ranking (p. 
22). Thc per capita expenditure on water supply 
and sanitation, nutrition and child and handi- 
capped welfare exhibited a mixed trend among 
the major states. The highest per-capita 
expenditure on health care was in Nagaland one 
of the special category states, throughout the 
period of study. 

The linkages between Plan and non-Plan 
expenditures on health clue are discussed in 
chapter 5. The study finds that per-capita Plan 
expenditure in real terms had increased three-fold 
during the period 1974-75 to 1990-91 while 
non-Plan expenditure rose by a little more than 
one and a half times. The largest increase in Plan 
and non Plan expcnditure tcmk place under Child 
and Handicappcd welfare, which rose by 10.35 
and 4.90 pcr cent, respectively between 1974-75 
and 1990-91. The linkages of per capita Plan and 
non-Plan expenditure appleared to have been 
closest in the case of 'nutrition' which increased 

by 6.94 and 5.71 per cent, respectively, between 
1974-75 and 1990-91. In all other cases Plan 
expenditure per-capita, rose much faster than 
non-plan expenditure between the same period. 

As regards government priority in health care 
expenditure, the study was able to obtain details 
only for (i) medical and public health and (ii) 
family welfare (chapter 6). By combining the 
expenditure for the centre, state and union terri- 
tory governments it was found that the proportion 
on medical expenditure declined from 68.89 per 
cent in 1974-75 to 64.66 per cent in 1990-91 and 
on public health expenditure from 18.18 per cent 
to 17.30 per cent, but increased perceptibly for 
family welfare expenditure from 12.93 per cent 
to 18.05 per cent, during the same period (Table 
6.1). The study points out that these trends reveal 
'little about the composition of each category and 
the purposes for which the items of expenditure 
are directed at - such as curative and preventive 
health care' (p. 46). An attempt was made to 
present the data in that form. Expenditure for 
purposes of curative treatment included medical 
relief, employees state insurance, central gov- 
ernment health scheme, medical education 
training research, othcr systems of medicine,etc. 
Preventive measures included (a) prevention and 
control of diseases, prevention of food adultera- 
tion, drug control, minimum seeds programme 
undcr public health and (b) rural family planning 
service, maternity andchild health, compensation 
and other services and supplies under family 
welfare. The data showed a decline in curative 
treatment expenditure from 64.46 per cent in 
1974-75 to 60.25 per cent in 1990-91, while 
expcnditure on preventive measures increased 
from 22.34 per cent to 26.33 per cent, respec- 
tively. 

The study reveals that of the total health care 
expenditurc of the government, barely 33.04 per 
cent was spent in the rural sector and 66.96 per 
cent continued to be spent in the urban area even 
in 1990-91 (p. 50). With 74.28 per cent of the 
population living in the rural areas in 1991, this 
is indeed a very sad commentary on the priorities 
of the health care programmes in the country. 

This book will be of great use to researchers in 
public health with the fund of tables given. 

F.K. Wadia 
Indian School of Political Economy, 

Pune. 
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Saini, Dcbi S. Redressal of Labour Grievances, 
Claims andDisputes, Oxford & IBHPublishing 
Company, New Delhi, 1994, Pp. xvi+203. 

The Indian industrial relations model places 
heavy reliance on state regulation; and bilateral- 
ism is allowed to grow only under over-arching 
shadows of labour lawyers, quasi-judicial labour 
courts and tribunals, full-time labour law pro- 
fessionals including union leaders, and a labour 
bureaucracy saddled with substantial powers of 
intervention. 

In such a framework, even individual labour 
issues have become very complex and juridified; 
the worker finds himself surrounded by a number 
of laws, lawyers, and quasi-judicial and adrnin- 
istrative authorities. 

In the above-mentioned perspective this book 
deals with the concepts of labour grievances, 
claims, and disputes and their interconnection. 
With a view to putting together substantive ad 

procedural knowledge relating to individual dis- 
putes and grievances, it discusses grievance 
procedure and grievance handling practices; 
substantive provisions i n  labour laws relating to 
worker's claims and claims procedure; the 
framework of industrial disputes resolution; and 
thc administrative structure of Central and State 
labour departments for enforcing labour griev- 
ances, claims and disputes. 

The book brings into focus legal and bilateral 
issues in dealing with individual worker's prob- 
lems at the work place. It is based on fieldwork 
conducted, among others, at the Central and State 
labour departments and certain selected large- 
scale establishments at Ahmedabad. Apart from 
discussing the procedural aspects, it analyses why 
certain and not other grievance practices are 
followed. The author also makes suggestions for 
a more efficacious system of grievance redressal 
and disputes resolution. 

Redressal of Labour Grievances, Claims and 
Disputes will be of interest to labour scholars and 
teachers and students of labour laws, industrial 
relations and business management. It will spe- 
cially interest trade union leaders, labour law 
consultams, and labcrur administrators. 

The Journal will publish in each issue Annotated Bibliography of Books and ~rtidles on Indian 
Economy, Polity and Society, published after January 1,1986. Authors are requested to send their 
entries with full details of publication and annotation not exceeding 250 words for books and not 
exceeding 100 words for articles. Use separate sheet for each entry. 
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Currently, a large number of books are being published on Indian economic, political and social 
problems and developments. We give below a list of books we have received with a request for a 
review. For want of editorial resources, it is not possible to review all of them though many deserve 
a critical review. Interested readers are requested to write to the editor indicating which of the 
following books he would like to review or write a full review article on. We shall be glad to do 
the needful. Readers are also welcome to review books recently published, but not appearing in 
the following list. As the contributors to this Journal are aware, all contributions published here 
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Acharya, S.S. and Agarwal, N.L., Agricultural essential historical background on GATT as well 
Prices- Analysis and Policy, Oxford and IBH as the relevant excerpts from the Dunkel Draft as 
Publishing Company, Pvt. Ltd., New Delhi, approved at the Uruguay Round. It analyses its 
1994. implications for the Indian economy. 

while asserting that the developed counlries, This monograph furnishes an incisive analysis 
of the role, characteristics and determinants of the US in particular, commands great hegemony, 
agricultural prices and their economic and polit- the author points out that the tenable way 
ical implications for a developing and low- counter it is through politico-economic diplo- 
income country like India, where agriculture macy, not by opting out of international institu- 
provides employment and income for about tions and eventually isolating ourselves from the 
two-thirds of the work force. international community and scene. Old 

The book is divided into three parts. The first ideological prisms, which distort our vista of the 
part is an one which acquaints the world, require to be discarded and alternate ways 
reader the meaning and concept of agricul- of thinking adopted. Paten@, especially in agri- tural prices, and of other important related terms. 
It also delineates on their role, functions and culture and pharmaceuticals, subsidies, tariffs, 
characteristics, general price level and inflation, quantitative restrictions and market access in 
the need for price analysis, and sources of price uher countries to our goods, primarily textiles, 
data and price statistics. Price analysis is the are some of the issues dealt with in the mono- 
theme of the second part which studies in detail graph. 
inter-temporal behaviour of prices, fluctuations Patents are exclusive rights to benefit from 
and stability in prices, mcasures for price stabi- commercialising an invention, Only new prod- 
lisation, and agricultural price index numbers. In ucts or new processes are 
addition, it examines approaches to assess the belong to conventional intellectual propcry 
pricing efficiency of the marketing system, 
demand for and supply of agricultural products, rightslikewadcmarks,co~~rightsy~lantbreeder's 
and their price determination under different rights PBRs), wade secrets7 etc. The author 
market situations. The third part is devoted to state presents an overview of the Patent system, PBRs 
intervention in pricing- agricultural price policy, and copyrights. He comments on India's 
its objectives, and instruments, administered Research and Development (R&D) policy in 
prices of agricultural products, food management general, highlighting its significance in the light 
policy, PDS , etc. of the Dunkel proposals. 

The book could be used as a textbook for a The economic theory of course on agricultural price analysis. recognises the equivalence of import tariffs and - 
Apte, ~ ~ d ~ ~ ~ ,  ~ ~ ~ k ~ l  ~ , . ~ f r :  ~~~h and llea1iry, export subsidies.- I t  follows automatically, that 

Centre for Devc]opment Research and D ~ ~ ~ -  tariff reduction entails a reduction in subsidy, 
menlation, Pune, 1994. which is non-tariff barrier to trade. The Final 

Agreement (FA) at the Uruguay Round contains 
This is a non-technical yet rigorous and provisions to this effect, which are critically 

impartial inquiry into all the main issues in examined by the author. The author argues in 
GATT, especially such issues as havecast acIoud favour of restructuring our trade policy, in view 
or controversy in India. The book provides the of liberalisation of world trade though FA. Wc 
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emphasizes the exigency of bringing about The book attempts to inquire into the dynamics 
reforms in the institutional ' and legislative of production relations within agriculture, and 
arrangements that affect trade. In his view, i t  is between agriculture and the processing coop- 
necessary to concentrate initially on the following erative in a traditionally sugarcane growing 
three areas: (i) anti-dumping, (ii) temporary region in southern Orissa. This region is marked 
safeguard measures to protect domestic industry with a predominance of small pmsants and high 
from 'im~ort-~iggered injury', and (iii) value- incidence of tenancy. Certain characteristic fea- 
related problems, like enviro~mental concerns tures of the market-oriented agro-indushal crop 
and social concerns- child labour, prison labour, production in this socio-economica~~y depressed 
human rights, etc. region, like high self-exploitation of family 

the author concl~des that India's labour, high rent, en t~nched  landlord- tenant 
membership of the GATT and of the WTo power relations, discriminatory treatment by the 
is definitely preferable to complex bilateral cooperative management, etc., are distinguished 
negotiations. He strongly recommends that India by the author for analysis. 
should strengthen her trading capacity through 
internal reforms and also <ievelop 
group of like-minded countries. 

Centre for Economic and Social Studies, Hyd- 
erabad, Rural Employment Guarantee Scheme: 
Andhra Pradesh, Panchayati Raj and Rural 
Development Department, Government of 
Andhra Pradesh, Hyderabad, 1994. 

This i s  a project report prepared by the Centre 
for Economic and Social Studies, Hyderabad, for 
the Government of Andhra Pradesh. The object 
of the project is to provide income security to the 
rural poor in areas with low, uncertain irrigation 
and without other schemes for income security/ 
employment guarantee. The fact that four-fifths 
of all the poor are dcpendent on agriculture and 
the apprehension about the Structural Adjustment 
Programme with the possibility of its adverse 
effects on the poor haveaccentuated the need for 
such securitylguarantee. 

The project proposes to benefit 13.48 lakh male 
and 14.72 lakh female agricultural labour in the 
selected areas, togenerate additional employment 
for 250-260 person-days, to provide for unem- 
ployment compensation for 5 per cent of this, to 
raise the level of wages by 40  per cent and bring 
down the percentage of poor from 65 per cent to 
20 per cent in these areas in five years. 

Das, Keshabananda, Peasant Economy and the 
Sugar Cooperative: A Study of the Aska Region 
in Oirissa, Occasional Paper Series, Centre for 
Development Studies, Trivandrurn, 1993. 

Institute for Social and Economic Change, 
Industrial Potential in Karnataka, sponsored by 
the Karnataka State Industrial Investment and 
Development Corporation, Bangalore, Institute 
for Social and Economic Change, Bangalore, 
1994. 

This study analyses Karnataka's industrial 
growth pattern across industries and regions, 
especially since the Five Year Plans. It examines 
various crucial parameters, such as finance, 
resources, infrastructure and policy, with a view 
to identify their relative advantages and disad- 
vantages. 

The study is divided into seven chapters- the 
first one presents a synoptic view of the industry 
in Karnataka vis-a-vis some selected states. The 
second and the third chapters discuss the growth 
and structure of the manufacturing sector, and the 
role of the institutional finance, respectively. 
Chapter4 isdevoted to the past, present and future 
availability of resources having a bearing on the 
industrial conformation in the state. The next two 
chapters delineate on the conduciveness of the 
infrastructure facilities and the government pol- 
icy, while the last chapter comprises recom- 
mendations for further growth. 

Nayyar, Deepak, Economic Reform in India: A 
Critical Assessment, ILO-ARTEP Working 
Paper, International Labour Organisation and 
Asian Regional Team for Employment Pro- 
motion (ARTEP), New Delhi, 1993, 
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This is one of the background studies prepared 
under the project on 'Integrated Strategies of 
Employment Generation and Poverty Alleviation 
in India' implemented by ILO-ARTEP. It anal- 
yses the origins, the logic, the theoretical basis, 
and the nature of the economic liberalisation and 
structural reform programme in India. The con- 
tours of the programme included in this analysis 
are industrial policy reform, trade policy reform, 
foreign investment and foreign technology, 
public sector reform, and financial sector reform. 
The possible impact of the reform programme on 
growth, employment and poverty is evaluated as 
well as  some critical gaps in it are outlined. 

Parikh, Jyoti K., B. Sudhakara Reddy and Rangan 
Banerjee, Planning for Demand Side Manage- 
ment in the Electricity Sector, Indira Gandhi 
Institute of Development Research, Bombay 
and Tata McGraw-Hill Publishing Company, 
Ltd. New Delhi, 1994. 

Planning for energy conservation and efficiency 
has so far been restricted to supply-side. This is 
a policy study on electric power, which is a 
demand-side management (DSM) study. It 
includes two implementable DSM plans (five 
year and twenty year) for Maharashtra, with 
specific targets and detailed cost-benefit analysis. 
DSM is defined as conservation and efficiency of 
use at the consumer/customer end. Customers 
themselves are to be involved in achieving effi- 
ciency of use with the help of equipment man- 
ufacturers. 

Since the share of the high tension (HT) 
industries is the largest in Maharashtra with 33.4 
per cent in the total electric consumption, the 
DSM in the HT industries sector is very crucial 
for overall energy conservation and the DSM 
strategies. An extensive survey of the end-use 
load structure of the HT industries was under- 
taken i n  1989-90, It has shown that the share of 
motors was the highest with 49 per cent, followed 
by such major end-users as melting with 16 per 
cent, electric heating with 13 per cent, air- 
compressors 9 per cent and lighting and air- 
conditioning 4 per cent each. Accordingly twelve 
DSM options have been identified for evaluation 
and later for formulation of DSM programmes, 
such as energy efficient motors, variable speed 
drives, good housekeeping measures, waste heat 
driven vapour absorption refrigeration systems, 

time-of-day tariff, etc. 
The study indicates that (i) through the adoption 

of DSM programmes, the customer reduces his 
energy bills, (ii) a number of DSM programmes 
are considerably cheaper than building new 
power plants, and (iii) they also bring in envi- 
ronmental benefits due to reduced burning of coal 
in power plants. But initial funding and/or 
technical assistance or services for adoption of 
such programmes as well as the involvement of 
equipment manufacturers are some of the 
important factors which need attention. 

Parikh, Kirit S. and R. Sudarshan, Eds., Human 
Development: And Structural Adjustment, 
Macmillan India Ltd., Madras, 1993. 

This volume comprises papers and proceedings 
of the UNDP symposium, held in Bombay during 
Jan 3-6,1992, on 'Economic Growth, Sustainable 
Human Development and Poverty Alleviation in 
India'. 

Planning Commission, A Study on the Perform- 
ance of State Road Transport Undertakings, 
Government of India, New Delhi, 1994. 

The report presents a comparative appraisal of 
the strengths and weaknesses of 43 State Road 
Transport Undertakings (SRTUs). Despite steady 
improvement in the overall indices of physical 
performance of the SRTUs, their financial posi- 
tion has not improved during the period surveyed, 
i.e., from 1985-86 to 1993-94. Vehicle 
productivity has increased from 230 km per bus 
day to 267 km per bus day, and the staff pro- 
ductivity from 3 1.1 km to 37.5 km per worker 
day; bus-staff ratio has improved from 1:8.4 to 
1:8.1. But the net loss of Rs 30,000 per bus per 
annum has not diminished. 

Ramachandran, C.N., JayagopalUchil and T.N. 
Sreedhara, Eds, Critical Spectrum: Lectures 
on Current Issues, Mangalore University, 
Mangalagangothri, 1993. 

As a part of the celebration of the Decennial 
year, the Mangalore University arranged a series 
of lectures by distinguished scholars from all over 
India. This volume presents fourteen of them. 

.They are on different areasfissues of contempo- 
rary Indian society. Half of them in the first 
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section of the book are devoted to rural 
development and allied issues. While the 
remaining half lectures in the second section are 
deliveredon varied themes, such as law, statistics, 
health Ayurveda and surgery. 

Rao, V.M., Dairy Farming: Socio-economic 
Analysis of Milk Production, Reliance 
Publishing House, New Delhi, 1991. 

This thesis examines the economics of milk 
production and its relevant aspects in Krishna 
District of Andhra Pradesh, where different spe- 
cies of milch animals are being reared by rural 
families. Economic performance of these species 
is analysed in terms of costs, returns and input- 
output relationship in milk production. A critical 
evaluation of the Intensive Cattle Development 
Projcct (ICDP) launched in the area by the state 
in 1965, a socio-economic profile of the sample 
households with an estimate of employment 
generated, through dairy farming, a study of the 
animal feed and fodder situation, and suggestions 
for advancement of dairy farming and animal 
husbandry, like cattle insurance, scientific means 
of reducing the age at first calving and dry period, 
etc., are also included in this monograph. 

Sreekumk, T.T., Urban Process in Kerala: 
1900-1 981, Occasional Paper Series, Centre for 
Development Studies, Trivandrum, 1993. 

The monograp'h examines the characteristic 
features,of urbanisation in Kerala, their historical 
origins and their determinants or causes. The 
major differences from other third world regions, 
as pointed out by the author, comprise (a) a lesser 
degreeof fluctuation in the urban growth, @)very 
high spatial dispersion of towns, (c) slower rate 
of growth of towns over time, (d) insignificant 
role of rural to urban migration in overall growth 
of urban population, and (e) higher proportion of 
extensional (emergence of new towns) and 
decremental (declassification of erstwhile urban 

areas as rural) components in total urban growth. 
The factors responsible for such a unique spatial 
formation, which are analysed here, include (i) 
the ecology of the region which played a very 
significant role; (ii) absence of a primate city, 
because for al l  administrative purposes it waspart 
of the Madras Presidency, with 'Madras as its 
central node, (iii) emergence of towns as a result 
of integration into the world system of modem 
capitalism through commercialised agriculture 
and processing and trading activity, not through 
industrialisation; and (iv) instability of the urban 
system, i.e., proliferation and disappearance of 
urban units in a given geographical area. 

Tewari, Devi D. and V.M. Rao, Castor Economy: 
A Profile and Analysis of Zndian and Interna- 
tional Market, 1991. 

Tewari, Devi D. and V.M. Rao, International 
Castor Oil Market: An Econometric Analysis, 
Pp. xvi+l71, 1994. 
Centre for Management in Agriculture (CMA) 
Monographs 150 and 167, Oxford and IBH 
Publishing Company, Pvt. Ltd., New Delhi. 

These two studies provide a profile of castor i n  
both Indian and international settings. Castor oil 
is one of the important foreign exchange earners. 
The first study brings to light that castor oil is the 
cheapest in the domestic market in India while it 
is the dearest in the international market. India, 
with her fine production potential, could raise her 
exportsof castor oil to the tune of US$400 million 
per year by 2000 A.D., with proper investment in 
agricultural technology and market management. 

The second study visualises the probable sce- 
narios that may emerge in the future in the 
international castor oil market, based on an 
econometric simulation model. Using this model 
for policy experimentation and testing, the study 
suggests appropriate Indian strategic responses to 
these foreseeable events in the world castor 
economy. 
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year of publication, title (underlined), and pub- 
lisher, in the following format. We convert 
underlining into italics. 

Maital, S., 1973; 'Public Goods and Income 
Distribution', Econornetrica, Vol. XLI, May, 
1973. 

Chakravarty, S. 1987; Development Planning: 
The Indian Experience, Clarendon Press, Oxford, 
1987. 

If a Reference is cited in a Note, the Note may 
use the shortened reference form: 

4. For a critique of recent industrial policy 
proposals, see Marshall [Marshall, 1983, pp. 
281-981. 

The full name of any organization or govern- 
ment agency should be spelled out first if subse- 
quent reference is to be by acronym. 

'EXRIAL DIVISIONS 

If a paper is divided into major sections, the 
atroductory section needs no heading. Subse- 
pent section headings should be given titles 
typed in capital letters and placed at the centre of 
:he page. Do not use roman numerals. If there 
are sub-sections, the sub-titles should be under- 
lined and placed justified with the left margin. 

MATHEMATICAL AND TABULAR MAmRIAL 

All tables, graphs, figures, and illustrations 
should be numbered and amply spaced on sepa- 
rate sheets of paper indicating in a marginal note 
in the text where such material is to be 
incorporated. Mathematical equations should be 
typed on separate lines and numbered cottsecu- 
tively at left margin, using Arabic numerals in 
parentheses. Use Greek letters only when 
essential. The word per cent, not the symbol %, 
should be used in the text and the tables. 

COMPUTER DISK 
QUOTATIONS 

All quotations should be checked carefully for 
accuracy, and should be unaltered except for 

If the manuscript is on a computer, send a 
copy of it on a disk covering text, tables, 
graphs, etc. 
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