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Irrigation Impacts on Agricultural Growth in India: 

A State Level Panel Data Analysis 

Modhusudon Bhottoroi 

Introduction 
The question on economic evaluation of irrigation impacts is still one of the controversial 
issues in the literature of development economics and rural development. With rising scarcity 
of water, the assessment of irrigation impacts has been recently scrutinized from several 
factors. The incremental contributions of irrigation to agriculture development versus other 
inputs and access to improved technology has been critically scrutinized at international 
forums and global dialogues, such as, World Water Forum, Colombo Dialogue, Stockholm 
Water Meeting, World commission on Dams and other global water forums. Declining 
international food prices and inelastic nature of food demand have further raised the question 
on the effectiveness of the past policy thrust on continuous expansion of irrigation to meet 
the national and regional food production (food security) and poverty reduction strategies. 
Therefore, an assessment on the impacts of irrigation development on rural development 
and growth in agriculture in India in this study is expected to provide improved information 
to these global policy debates. 

In fact, the world irrigated land was 266 million hectares in 1997, which is 2.5 times higher 
than what was in 1950, and now roughly 60 per cent of rice and 40 per cent of the wheat in 
the developing countries is on this irrigated land. In Asia alone, the irrigation area increased 
from 87 million hectares in 1965 to I 50 million hectares in I 995, an addition of nearly 63 
million hectares during the last three decades (FAO statistics). In India, irrigated land has 
been expanded from 22 million hectares in 1955 to nearly 50 million hectares in mid 1990s. 
Thus, the success of irrigated agriculture has large-scale implications for maintaining food 
security, poverty alleviation strategy and maintaining rural livelihoods of the region. 

Who were the actual beneficiaries of irrigation development and improved access to irrigation 
infrastructure in the recent past? Is it the farming sector alone, or the urban consumers 
industrial labours and other broader sections of the society? Proper understanding on these 
issues on irrigation impacts has a large implication on designing an efficient and effective 
irrigation investment strategy. Roughly, 60 percent of rice and 40 percent of the wheat in 
the developing countries are on the irrigated land, hence the success or failure of irrigated 
agriculture have got large implications for maintaining food security of a nation or a region, 
and rural development process in general. 
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Some Issues on Irrigation Impacts 
The decreasing trend of world food prices in the recent past has shifted public sector's 
irrigation investment decision from the objectives of increased food production and 
maintaining national food security level to a broad level rural development, poverty 
alleviation, and maintaining rural livelihoods in a region. Improved irrigation access helps 
to expand non-farm sector activities (inputs and outputs market) and other related service
sectors activities (rural financing) in the rural economy due to increased flows of goods and 
services (Mellor, 2001 ), which expands rural employment and effective local demand in the 
newly developed irrigated region. All these secondary benefits of irrigation have large 
implications for rural employment and poverty reduction strategies in a region. 

Recently, the public sector food storages in India are glutted with food grains, more than 
twice the level required for a reasonable level of buffer stock. Whereas, more than 50 percent 
of the population in India are still below the poverty line and about 220 million people are 
still undernourished and are at a higher level vulnerable to food insecurity problem. Indian 
government public policy (support) on the agriculture and irrigation sectors has been in 
scrutiny from several fronts, and investment level in irrigation sector is one of the major 
debated public policy issues in the recent past. This paper provides some insights on these 
crucial public policy issues in India, and also quantifies how different factors have contributed 
to the growth of Indian agriculture in the recent past. 

The overall reform policy in India since early 1990s has raised several questions on the 
governmental role in the agricultural sector in general, and particularly the irrigation sector 
which has been receiving more than 20 percent of the total state level government expenditure 
in the development sector in early 1990s. This level of public expenditure has been questioned 
from several fronts. Employment generation and the regional development objectives are 
the other major reasons for large public sectors' involvement in the irrigation infrastructure 
in India. Moreover, the less understood issues in recent literature are the level of irrigation's 
marginal contribution to growth of agriculture vs. relative contribution from technology 
and other infrastructure sector, and how the economy as a whole benefits out of the effects 
generated by agricultural improvement. 

The incremental effects of irrigation on agricultural performance versus others inputs, 
technology and other related rural infrastructure has been a debatable issue in the rural 
development literature. Details in these issues and controversies on marginal impacts of 
these factors are found in Fan, et al. (1999); Bhalla and Singh (2001 ), Dhavan (1986); 
Evenson, et al. (1999); Shah (2001); and Narayanamoorthy (2001). The dam commission 
report (WCD, 2000) says there are no reliable estimates available on marginal impacts of 
irrigation from that of other policy and technology factors. Therefore, our focus of the 
paper concentrated more on the better isolation of the marginal (incremental) impacts of 
irrigation from that of other complementary factors. 

From a synthesis of irrigation literatures available, Bhattarai et al. (2002) concluded that 
improved irrigation access is a powerful instrument for reducing rural poverty in a given 
region. This is not so much through the direct impact of increased yield and farm returns per 
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se, but more through the indirect impacts like increased rural employment, the feedback and 
the multiplier effects associated with the provision of irrigation infrastructures. Bhattarai 
and Pandey (1997), using a farm level analysis, showed that crop price elasticity depended 
upon the level of infrastructure development. Framers with better access to irrigation and 
market infrastructures were found to be much more responsive to change in prices than 
farmers without such market and infrastructure access. 

Similarly, Narayanamoorthy (2001) provides an empirical evidence on very positive impacts 
of irrigation access to poverty reduction in India using the state level analysis. The impact of 
irrigation on poverty reduction in fact depends upon the structure of a rural economy and on 
how the additional farm income generated by improved access to irrigation is actually spent 
within a rural economy, and its feedback impacts on rural employment and rural wage 
structures. While indirect impacts of irrigation are important, the limited scope of this 
paper precludes us from carrying out an in-depth analysis on indirect impacts of irrigation, 
but certainly they are pertinent research issues to be considered. 

An irrigation impact study in India here provides insights on some of these public policy 
issues in irrigation, for which there is not yet a clear-cut answer available in the literature. 
The variation of irrigation and public sector agricultural sectoral policy issues across the 
states in India provides a rich source of data to carry out this sort of economic impact study. 
Improved understanding on some of these issues has a large implication for designing a 
socially efficient and effective irrigation, technology, research and extension; and financing 
policy in India as well as in other developing countries with similar socioeconomic situations. 

Objectives 
The major objective of this paper is to analyze national level economic impacts of irrigation 
in India, and to better quantify the direct impacts of irrigation on crop productivity and 
agricultural growth. The specific objectives are: 
1. To better assess aggregate level economic impacts of irrigation development, particularly 

the marginal impacts of irrigation access to agricultural growth verses marginal 
(incremental) impact of other complementary factors like fertilizers use, HYV adoption, 
technical changes, and other infrastructures development; 

2. To critically assess irrigation impacts on variation of over all agricultural growth and 
development, agricultural production across the different states in India, and how the 
marginal irrigation impacts vary by irrigation sources and type of irrigation. 

3. To provide improved analytical model to assessing the marginal impact assessment of 
irrigation at aggregate level. 

Methodologies, Doto and Analytical Models 
The aggregate I eve! welfare change analysis to assess· the wider impacts (benefits) of irrigation 
infrastructure, and to better quantify the marginal contribution of irrigation to the agricultural 
growth was used. Recently the relative contribution and usefulness of irrigation and its 
effectiveness in agricultural development process versus other factors on rural development 
have been seriously questioned (Fan, et al., 1999; Evenson, 1999), including the 
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environmental and social consequences of irrigation due to vast scale of negative 
environmental externalities associated with the rampant development and poor management 
of irrigation facility in a region (WCD, 2000). In this context, this study tries to develop a 
better model on the marginal impacts of irrigation, and other policy factors in growth and 
development of agriculture. 

The empirical models estimated in this study are proxy models representing policy, 
technology, economic forces, irrigation and other infrastructure factors affecting agricultural 
development and growth, many of which are decided by broad level political and public 
policy agendas. Thus, rather than a conventional price and income-consumption model, the 
models used in this study include factors representing both broader public policy, represented 
by government public policies, and technology and non-market phenomena mostly 
represented by underlying political market of a nation. A reduced form of aggregate 
equilibrium supply model is estimated to isolate the marginal impacts of irrigation on 
agriculture growth from that of other complementary factors. 1 

Data and Econometric Issues 
The study analyzes cross-sections and time series data for selected 16 states oflndia, covering 
a time span of 26 years from 1972 to 1995. The coverage of the aggregate analysis here 
includes selected aggregate agriculture sector variables ( crop production and crop 
productivity), irrigation access related variables, HYV adoption, and rural infrastructural 
related factors. 2 

The panel data analysis technique (cross-sections and time series analysis) allows us to 
better isolate the marginal impacts of each of the technology, infrastructure, policy and 
institutional factors on agricultural performance over time. Panel data analysis also provides 
information for theorizing the general arguments from the real world observations avoiding 
the inherent bias associated in case study approach of the analysis. The cross-sections 
(states) analysis provides for wide variation of these infrastructures and technology and 
public policy adopted in India due to the federal systems of governance there. In addition, 
panel data provides a large number of data points, increasing the degrees of freedom and 
reducing the collinearity among the explanatory variables (Hsiao, 1986), thus improving 
efficiency of the parameter estimates. Panel data analysis allows researchers to study dynamic 
relationships (both micro and macro), reduce heterogeneity biases, as well as minimize 
missing or unobserved variable biases, thereby increasing the efficiency of econometric 
estimates. Thus, the panel regression method adopted here allows us to better estimate 
dynamic effects and to separate the component of the marginal change in productivity 
attributed by irrigation from that of other policy factors (HYV, fertilizers, electricity, etc.). 

1 This paper is out ofa work in progress project of!WMI on Indian Irrigation study. The scope of the project is to 
estimate all these other direct and indirect benefits and the distributional impacts of irrigation to the consumers 
and farmers. 

2 Some of the state level data series used in this paper are borrowed from IFPRI data sources as provided in the 
appendix of Fan, et al., ( 1999). The remaining additional state level data are like fertilizers use, sources by 
irrigation are collected from !WM! ongoing project work in India with Gokhle Institute of Politics and Economics, 
in Pune. 
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We have used here the fixed effect panel model, which allows for historical and structural 
differences across countries by allowing each cross section data set to have a separate intercept 
term, therefore is considered a more appropriate tool for this analysis. Considering the large 
variation of size across the states oflndia, the fixed effects models are estimated by weighted 
least square (GLS), where the weight for each observation is the reciprocal of the normalized 
standard deviation of the disturbance for the same observation obtained from the initial 
OLS estimation. The weighted least square regression (GLS) results are further iterated, 
and converged results, iterated feasible GLS (FGLS) are reported for the final parameters 
estimation, as given in the following section. The econometric literature suggests that such 
iterated FGLS are equivalent to maximum likelihood estimates (MLE) (Greene, 1997; QMS, 
1998; Bhattarai, 2000). Thus, we expect the regressions parameters estimated from this 
study to provide a better parameter estimates than available in the previous studies like Fan, 
et al., (1999) and Evenson (1999), particularly better in isolating the marginal impacts of 
irrigation from that of technology and other infrastructural and policy factors. 

Analytical Model 
The dependent variable in the panel regression analysis is modelled separately for change in 
agricultural growth (change in Total Factor Productivity (TFP)) and change in agricultural 
production levels, across the 16 states of India from 1970 to 1995, and using the basic form 
of data set provided in Fan, et al. ( 1999). Change in the total agriculture sector productivity, 
or change in agricultural production, is a good proxy for analyzing the irrigation impacts on 
crop production. The general form of the reduced form empirical model of the performance 
of agricultural sector used for state level analysis in this study is given by: 

(!) 

where 
= 1, ... ,n states of India 

t =year; 1970 =l and 1995 =26 in state level analysis. 
AG Pu = Agricultural Growth (Productivity growth) in state i, year t; 
a; =intercept term for country i; 
b; =coefficients to be estimated; 
lu = % of crop area irrigated ( different combinations). 
Fu = Fertilizer uses; 
HYV;, = High Yielding Variety and technology adoptions factors 
Zu = other infrastructure, and public policy related variables; and 
T;, =time trend representing other time depended factors. 

Two forms of AGPu variable are used here, TFP- measure for multifactor efficiency, and 
another for the over all agricultural production index (PROD). The irrigation access related 
variable (l;J is created by dividing the gross irrigated area by cross- cropped area (GIN 
GCA) in any particular year. The fertilizer use per cropped area (F;J is estimated both at 
state and district level analysis. The variable High Yielding Variety (HYV) is percentage of 
adoption of HYV in a state. is time trend, 1970= 1, and 1995 = 26, which captures the 
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effects of time other than the above listed variables in the model. Detailed descriptions of 
explanatory variables used in this paper can also be found in Fan, et al. (1999)3. 

Results and Discussions 
First, the panel regression model is estimated for variation of growth in Total Factor 
Productivity (TFP) across 16 Indian states from 1970 to 1995. The results are given in Table 
49.1. The negative sign and statistically not significant variable time trend, in the table, 
clearly depicts the fact that there is no significant growth in the multifactor productivity in 
Indian agricultural sector over the last two decades despite massive expansion of the 
agricultural production in the recent past. The TFP index measures the overall output growth 
minus inputs growth in agriculture, thus measuring the efficiency on use of the multi factors 
at one index, and it captures the notion of economic efficiency in terms of real inputs costs, 
not just a productivity growth in use, of one factor of production. The TFP growth index 
used in this paper is the ratio of an aggregate output index to an aggregate input index 
(Tornqvist-Theil index), earlier estimated by Fan, et al., (1999). This aggregate negative 
trend in TFP growth in India is consistent with some of previous studies on the similar topic 
(Fan, et al., 1999; and Evenson, et al., 1999). 

The variable "percentage of cross cropped area under irrigation (GIA/GCA)" in Table 49. l 
measures the impact of irrigation access to variation ofTFP across the states. This is positive 
and statistically significant in both model 1 and model 2. There are slight differences in the 
cropped area irrigated statistics reported by Fan, et al., ( 1999) than the irrigated area statistics 
compiled by us from the different Indian Government publications for the same years. 
Considering the importance on irrigation factor in our study, the marginal impact of irrigation 
is separately modelled, one using our compiled data (model l} and another with the same 
data series earlier used by Fan, et al., ( 1999), and the results are reported in model 2 in Table 
49 .1. The marginal impact of irrigation is unequivocally positive and highly significant in 
both models 1 and 2. Importantly, the scale of incremental impact of irrigation in Model 1 
and 2 are much larger in magnitude than the other policy and infrastructural factors, which 
is quite in contrast to the previous literatures on the topic (Fan, et al., 1999; and Evenson, 
1999). The net marginal impact of irrigation verses other complementary factors in 
agricultural development process was one of the major controversial issues also associated 
with the Dam Commission Report (WCD, 2000). 

To better capture the irrigation impact on agricultural growth, we have also used another 
variable, percentage of net cropped area under irrigation, which includes the impact of 
cropping intensity on agricultural growth and the results are given by model 3 in Table 49 .1. 
The coefficient of the variable (NWSWA) is positive and statistically significant in explaining 
the variation ofTFP, which further provides evidence on the higher importance of irrigation 
access on performance of Indian agriculture relative to other technology, infrastructure and 
policy factors. 

3 The author would like to express his gratitude to S. Fan, Research Fellow, at IFPRI for providing access to some 
of the data sets at the appendix of the publication (Fan et al., 1999). 
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Table 49.1: Factors Responsible for Variation of Annual Total Factor Productivity (TFP) Growth 
Across the Indian States During 1970-1995. 

Dependent variable: TFP scale in each state, I 970= I 00 

Independent Variable (Model 1) (Model 2) (Model 3) 

Time trend -0.14 -0.31 -0.003 
(0.53t5 (l.24t5 (0.0lt5 

% of Gross Cropped Area under 1.27 1.47 
Irrigation (GIA/GCA) (6.72)*** (7.10)*** 

% of Net cropped area (Net Irrigated area/ 0.90 
Net Sown Area) (4.67)*** 
Fertilizer use per cropped Area (Kg/ha) 0.11 0.20 0.26 

(1.97)** (3.77)*** (3.3)*** 
HYV adoption rate (in%) 0.12 0.06 0.07 

(1.13t5 (0.54)N5 (0.68)N5 

% ofVillage Electrified 0.25 0.30 0.27 
(3.42)*** ( 4.40)*** (3.83)*** 

Road density (in Km/1000Km2 land) 0.03 0.03 0.02 
(4.37)*** (3.5)*** (2.66)*** 

Per capita development expenditure -0.028 -0.016 0.046 
(0. 73t5 (0.72)NS (1.29)N5 

Adjusted R2 (Unweighted) 65 67 66 
Number of states ( cross-section) 16 16 16 
Number of observations 384 384 384 

Note: 
I. Values in parentheses are absolute t-statistics; * = significant at I 0%, ** = significant at 5%, *** = significant 

at 1 %. F statistics of above models are significant at I%. 
2. All models were estimated as fixed effects panel model using GLS regression method (Weighted Least squares). 

The GLS model was iterated to minimize the MSE. The results are from converged model, which are in principle 
equal to estimates from MLE technique. 

3. Model I included the crop area irrigated as compiled from Govt. oflndia publication under the !WM! collaborative 
project in India. Model 2 includes the same set of crop area irrigated variable as reported by IFPRI ( 1999). 
Model 3 includes different definition irrigation access, total net irrigated area in a state divided by net area sown 

in the year in percentage term. 

Sources: Most of the variables here are from Fan et al ( I 999) data sources, Fertilizers uses and irrigated related 
variables are separately taken from Government oflndian publications under !WM! and GIPE collaborative project 

in India. 

The coefficient of fertilizers use (per hectare) is positive and significant in all three models 
in Table 49.1, that means the growth in overall productivity (multifactor productivity) of 
Indian agriculture in the past was positively influenced by the level of fertilizers uses. This 
is plausible considering the low level of average national level per hectare fertilizer use in 
India. 

The variable HYV adoption rate is positive, but statistically, it is not significant in any of the 
models in Table 49 .1, which is quite in contrast to the previous literatures on the topic (Fan, 
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et al., 1999; and Evenson, et al., 1999). Likewise, the results here show that when we hold 
the impacts of other complementary factors constant, then the impact of HYV adoption is 
not of much significance in explaining the growth of the overall agricultural productivity 
(multi factors productivity or economic efficiency). The growth ofHYV adoption rate was 
higher in 1970s, but after mid 1980s, the HYV adoption rate across the states is almost at a 
saturation stage, and the annual growth rate on HYV adoption is less than 1.5 per cent in 
1990s, which was about 9 per cent in early 1970s. These could be the reasons that the 
relative impact of HYV adoption is not significant in the model compared to other 
infrastructures and policy variables. It is worthy to analyze the impacts of HYV adoption 
separately in two different periods over the last 26 years, which could be the future research 
in the areas. 

The selected rural infrastructures variables, like "percentage of village electrified", and 
"road density" in the state, are positive and statistically highly significant in all three models 
in Table 49.1. This means that the level of infrastructure development has critical relationship 
in improving the overall productivity of the agricultural sector. It is very interesting to note 
that the magnitude of these infrastructures variables are relatively much higher than the 
HYV adoption rate (Technology), which has a very important public policy implications 
and setting priority for public investment in the agriculture and rural development sector. 

The variable "per capita development expenditure" is statistically not significant in any of 
the models in Table 49.1 in explaining the variation of agricultural productivity growth, 
rather it is negative in model 1 and 2. The overall productivity growth of agriculture sector 
did not depend upon how much the government development fund is spent, but how and 
where the government would spend the development fund. The positive and highly statistically 
significant coefficient of the two major infrastructure factors, electricity and road access 
variables, and the negative and not significant coefficient of development expenses per 
capita also illustrates the impacts of quality of state level developmental institutions on 
agriculture performance. This also indicates the problems in allocation of the development 
expenditures among states by the central agencies in India. 

The adjusted R2 of the models are more than 65 percent (unweighted) in all cases which 
illustrates the fairly representativeness of the proxy variables selected here in explaining the 
performance of agricultural growth. In fact, the variables signs and the level of significance 
estimated here are more pronounced than originally carried out by Fan, et al., ( 1999). Unlike 
Fan, et al. (1999) and Evenson, et al., ( 1999), we believe that the weighted least squares fix 
effects panel model is a better way of modelling these state level information and to better 
isolate the marginal impacts of each of the key factors influencing the variation of overall 
agricultural growth, including isolating the impacts of irrigation from that of the technology 
factors. 

Production Growth in Agriculture 
_In addition to modelling the variation of TFP, the impact of irrigation on the growth of 
agricultural production level of major crops, and allied activities in India in physical term 
(in constant output price terms), is separately modelled. The data on growth of the production 
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Table 49.2: Factors Responsible for Variation of Production Growth in 
Agriculture across the Indian States during 1970-1995. 

Depended variable: Agricultural production index level in each state, 1970= l 00 

Independent Variable (Model I) (Model 2) (Model 3) 

Time trend 1.2 (3.7)*** 1.14 (3.48)*** 1.65 (4.5)*** 
% of Gross Cropped Area 
under Irrigation (GINGCA) 1.51 (6.8)*** 1.47 (6.77)*** 

Ratio of GW irrigated area to Canal 
Irrigated area. (GWI/CANALI) o.84 (0.54ls 1.25 (0.9lls 
Net Irrigated area/Net Sown Area 1.07(3.74)*** 
Fertilizer use per cropped area 0.12(1.70)* o.o9 (l.39ls 0.25 (3.74)*** 
HYV adoption rate (in%) 0.08(0.60) NS 0.056 (0.5ots -0.043(0.36) NS 
% of Village Electrified Surface irrigated 0.5 (5.6)*** 0.54 (6.14)*** 0.47 (5.20)*** 

area (GWI/SWI) 
Road density in rural area 0.17(2.06)** 0.02 (2.60)*** 0.006 ((0.7)NS 
Per capita development expenditure - 0.13 (2.83)*** -0.14 (2.80)*** -0.16 (3.30)*** 
Adjusted R2 (Un-weighted) 75 75 76 
Number of states (cross-section) 16 16 16 

Number of observations 384 383 383 

Notes: 
1. Values in parentheses are absolute t-statistics; *=significant at 10%, **=significant at 5%, ***=significant 

at 1 %. F statistics of above models are significant at 1 %. 
2. All models were estimated as fixed effects panel regressions technique using GLS method (Weighted Least 

squares). The GLS models were iterated to minimize the MSE. These results are from converged model, which 
are in principle equal to estimates from MLE techniques. 

Sources: Most of the variables are from IFPRI {1999) data sources, and Fertilizers uses variable and irrigation by 
sources variables are separately taken from Government oflndian publications, under IWMI and GIPE collaborative 
project in India. 

of the agricultural sectorused here are taken from Fan, et al. (1999: p. 16). Various components 
of irrigation accesses are separately modelled into the panel regression analyses and the 
results are reported in Table 49.2. Unlike the case of TFP, which measures economic 
efficiency of production or multi-factor productivity, the time trend variable here is positive 
and statistically significant in all models. This means that the growth of agricultural production 
(in physical term) in India is increasing over time, though the economic efficiency is 
questionable. 

Like the case of TFP, the variable "percentage of gross cropped area under irrigation" is 
positive and statistically significant in all the cases. The relative magnitude of irrigation 
variable is stronger than the other technology and infrastructure factors. Here, we also 
modelled the ratio of ground water irrigated area to canal water irrigated area (GWI/CANALI) 
as a separate variable to capture the differential marginal impacts of source of irrigation on 
variation of agricultural production. The ratio of GWI/CANALI is positive but statically not 
significant in models 2 and 3 in Table 49.2, which means that the incremental difference on 
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impacts of sources of irrigation (ground water and canal irrigated area) was not so much 
significant when we control separately for the total impacts of irrigation as such. Some of 
the recent district level studies on irrigation impacts in India (Roy and Shah, 2002) has 
shown that groundwater at aggregate level is more significant in explaining the variation of 
gross return per hector than the surface irrigation. 

At state level analysis, the incremental impacts of ground water are positive, but statistically 
not significant when we also hold constant for factors like over irrigation and other important 
technology and infrastructure factors across the states. When we dropped the variable"% of 
cropped area under irrigation", the impact of variable GWI/CANALI is positive and 
statistically significant at 1 per cent that captures the whole impact of irrigation and not 
only the incremental impacts. 

Likewise, percentage of net irrigated area over net sown area (model 3 in Table 49 .2), which 
also incorporates the impacts of cropping intensity brought by the irrigation development in 
the state, is separately modelled. Its coefficient is positive and statistically highly significant. 
Its magnitude is also relatively stronger than other variables, which further reinforces the 
fact that irrigation access is relatively more important in explaining growth of agricultural 
product in India in the recent past than the other factors. 

As in the case ofTFP in Table 49 .1, the impact of fertilizers use per ha on production growth 
is positives in all cases and statistically significant in model 1 and 2. The marginal impact of 
HYV is positive in all models but statistically not significant. This is, however, contradictory 
to what was found in the previous literatures on the topic (Fan, et al., 1999; Evenson, et al., 
1999). These authors used government expenditures on Research and Extension to capture 
the impacts of HYV in agricultural production, but, we think that the use of variable like 
HYV adoption rate in percentage term directly in the above panel equation would better 
capture the marginal impacts of the agricultural research and extension actually realized at 
the farm level. 

The insignificant marginal impact ofHYV on production growth in Indian agriculture seen 
in these regression models could be due to the fact that the HYV adoption rate was much 
higher during the early green revolution period, between mid 1960s to mid 1970s. The 
adoption rate ofHYV is almost at stagnant stage after mid 1980s. The HYV adoption rate is 
more in Punjab, Haryana and other cereal growing regions, where the production growth 
rate reached its peak in 1970s and after which the agricultural production growth rate there 
is almost at a stagnation stage. The recent agricultural production growth in India comes 
from other region dominant in pulses, legumes, and other non-cereal crops .. 

Likewise, the marginal impact of infrastructure variable, "percentage of village electrified", 
is positive and significant in all three models in Table 49.2. This means that electricity 
access in the rural sector in the recent past was one of the critical factors for explaining the 
agricultural growth in India. This is an expected result considering the fact that we find 
ground water and well irrigated area where better electricity access is there in the villages. 
In fact, the flat rate electricity charge and the special thrust of state government's on rural 
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electricity expansion programs in India in the recent past are some of the reasons for the 
massive expansion of groundwater uses in the recent past (Shah, 2001). This result also 
illustrates the complex nexus of ground water and electricity access in India. 

Similarly, the marginal impact of road density is positive in all models and statistically 
significant in models I and 2, like that of the electricity access factor. This result is plausible 
and consistent with the earlier results in the Table 49. I. Provision of better road access 
reduces the farm level costs on transportation, and provides positive incentive to farm level 
adoption to improved agricultural production process. Like in Table 49.1, the variable per 
capita development expenditure is negative and is statistically significant in all cases. This 
has a large implication. It is not the (total) expenditure of development capital that matters 
for the success on agricultural development, but how the capital is being spent and where it 
is spent. In developing countries, the misuses of state development funds and corruption 
level are the other underlying factors, when that in fact, vary in India from one state to 
another. 

The adjusted R2 (unweighted) of all the three models in Table 49.2 are in the range of 75. 
which is slightly better than the cases in Table 49. I. The highly statistical significant models 
and plausible sign of the variables in all of these models illustrate the reliability of the panel 
modeling exercise and the complex regression techniques adopted in the paper. The GLS 
techniques and the parameters estimated after iteration of the weighted models are, in fact, 
equivalent to the MLE technique (Green, 1997 and QMS, 1998). Hence, the results provided 
here are superior to previous related literatures on the topic of marginal impact of irrigation 
available so far. 

Conclusions 
The major objective of this paper is to better quantify the marginal impacts of direct benefits 
of irrigation access in a region adopting an improved procedure. Improved understanding 
on marginal impact of irrigation estimates has large implications on designing an efficient 
and effective irrigation policy, such as irrigation investment, financing and subsidy policies. 
Some of the recent literatures on the topic have provided mixed results on incremental 
impacts of irrigation on agriculture and rural development. Previous studies reported very 
minimal significance of irrigation on variation of agricultural performance in the recent 
past compared to other factors, like agriculture inputs, fertilizers and higher technology 
adoption (HYV), extension services and pest control, and government expenditures on public 
infrastructures and services (Fan, et al., 1999; Evenson, et al., 1999). This study uses almost 
the same data used by Fan, et al., (1999), but with the addition of more variables, e.g. 
fertilizer uses, and using improved analytical techniques that corrected some of the 
econometric problems seen in previous studies. The intent of this study is to provide an 
improved knowledge on global development agencies and policy making agencies, a better 
information and improved understanding on the factors contributing for the rural development 

process. 
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Our results suggest the larger marginal contribution of irrigation factor in the inter-state 
variation on performance and growth of agriculture in India over the last 26 years ( 1970 to 
1995) than by other policy and technology factors. Likewise, the other two key infrastructural 
factors affecting agricultural development are, "electricity access in village", and "road 
access". These accesses positively influenced the variation ofagricultural growth across the 
states since the marginal impacts of the two infrastructural factors are positive and statistically 
highly significant in all the models estimated earlier. 

Moreover, the technology factor, HYV adoption rate, was not found to be strongly influencing 
the variation of the agricultural sector growth across the states. This is in contrast to the 
findings in the previous study, but the results obtained in our study are logically considering 
the declining of HYV adoption rate in India from an average rate of 9 per cent per year in 
1970 to less than 2 per cent in mid of 1990. The marginal contribution of improved technology 
(HYV adoption) peaked in the late 70s, after other policy and infrastructure factors, which 
play a more influential and significant role in the variation of performance of Indian 
agriculture than HYV adoption rate. Thus, to improve agricultural performance, not only 
access to technology is required but a host of other infrastructures and institutional factors 
are equally critical factors, and irrigation access is just one of them. More importantly, the 
marginal impacts of each of the factors on agriculture performance change over time. 
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