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Background

Though the positive impact of irrigation on agricultural intensification and increased crop yield has been very well documented by various studies, the marginal returns of irrigation versus other factor inputs such as, farm technology and other rural infrastructure development are still a controversial issue in rural development literature. Improved information and understanding of the scale of incremental benefit of irrigation and other factor-inputs to agricultural growth and development and to poverty alleviation process has large public policy implications on setting rural development policy in a region. This has particularly more relevant in setting irrigation and agricultural investment and financing policies. This information is also important considering the recently increased global public policy priorities and thrusts on poverty reduction strategies.  

In this study an attempt is made to analyse the incremental impact (input specific effects) of irrigation and other factor inputs on growth of agricultural productivity of all inputs taken together (i.e., Total Factor Productivity) and their implications on poverty alleviation in India over the last two and half decades. The Total Factor Productivity is also called as productivity of all inputs taken together, and it is different than the conventionally understood productivity measures like crops yield, water productivity or labor productivity.  In addition, the study also examines the structure and relative importance of the factors that affect the over time variation in poverty and rural consumption level across the states in India. This is done by using annual time series and cross section (state) data analysis technique across 14 major states of India covering the period from 1970 to 1994, which covers more than 90 percent of the agrarian economy of India. 

The overall growth and technical change in the agricultural sector has large implications on expanding the economic base and poverty alleviation process in a region. Past empirical studies have shown that ultimately the growth in productivity of all factors (TFP) in agriculture is the backbone for alleviating rural poverty in developing countries (Fan et al., 1999; Mellor, 2001 and 2000; Desai, 2002). While summarizing the previous literature on agriculture growth and poverty reduction, Mellor (2001) points out that agricultural growth has a profound impact on poverty reduction in the developing countries including the reduction of the inequity over time. The actual level of impact of agricultural growth on poverty in fact varies by the nature, region and time period selected for the studies. Though most of the previous studies have unequivocally demonstrated that agricultural productivity growth has a profound impact on reducing poverty in Asia, the existing literature on rural poverty has failed to examine the incremental impact of each of the factor inputs on agricultural productivity growth as well as their marginal impact on poverty alleviation, and rural income enhancement (Detailed discussions on these issues can be found in WCD, 2000). 

Several irrigation impact related case studies and regional studies in India have illustrated that irrigation management has a profound role to play in the poverty alleviation process (Shah, 2001; Chamber, 1988). Some of the recent aggregate level empirical studies in India have also shown that irrigation access has a positive impact on poverty reduction (Narayanamoorthy 2001; Fan et al., 1999; Shah and Singh, 2002).  However, there is no straightforward relationship shown between irrigation and poverty alleviation and the irrigation impact on poverty alleviation depends upon several other intermediate factors (Bhattarai, et al., 2002). Thus an improved understanding of the structure of the impact of various factors and a quantification of the marginal impacts of each of the factor input on poverty measures is important for developing efficient and effective policy instruments in poverty alleviation and rural development programs in general. . 

Results and Discussions
Factors affecting productivity of all inputs
This study quantifies the marginal impact of irrigation and other factor inputs on the agricultural productivity of all inputs and on the two key poverty measures across the states. The empirical results (details in the full paper) show that there is no significant growth taking place in the agriculture productivity level when the level of all inputs use and their costs are taken together (in terms of economic and technical efficiency) in India over the last two decades. This productivity growth of all inputs is different than the simple crops yield or labor productivity. The change in trend of irrigation land and changes in land and labor productivity at all India level is illustrated in figure 1 below.
[image: image1.emf]Figure 1  Land and labour productivity change along with gross irrigated cropped 

area at all India level, 1956-1989.
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The regression results in table 1 show that marginal impact of irrigation factor on growth of productivity of all inputs is positive and significant with elasticity of 0.32, which is larger compared to the impact of other factors such as, fertilizers, HYV adoption rate, and road infrastructure selected in the analysis. This means that one percent increase in irrigated area has increased about 0.32 percent in the productivity of all inputs (TFP) in India during 1970-1994. This is a very high impact on agricultural productivity when compared to the impact of other factors such as fertilisers, HYV and road infrastructure, where the elasticity varies only from 0.04 to 0.09.  The impact of rural literacy rate (percent of rural population) is positive and statistically highly significant in explaining the over time variation in agricultural productivity of all inputs (TFP). The marginal impact of rural literacy on agricultural productivity is the largest among the variables selected for the analysis.  This large impact of rural education is possible considering the fact that technical change and agricultural productivity (represented by increased TFP index) and rural development are directly related to the adoption of improved technology, selection of appropriate mix of crops and inputs, and timely application of these inputs, including the farmers’ ability to effectively process market and price information and farm managerial decisions.  The impact of variable road infrastructure is also positive and significant which may be capturing the effects of market access in agricultural and rural development.  
Factors affecting poverty rate and per capita rural consumption level 
The study has also analyzed the direct impact of selected factor inputs in explaining the variation in poverty measures (poverty measure in head count ratio and rural per capita consumption) across the states for 1970-1993, using the same set of factors used on analyzing the agricultural productivity. The study found that the extent of rural poverty was unequivocally higher in a state with less extent of irrigation especially in the early 1970s.   Moreover, the relationship between rural poverty and irrigation has been decreasing in the recent past.  The change in the relationship between irrigation and poverty across the states in India over the last two decades has also been analyzed as shown in Figure 1. This shows that the scale of poverty level was very severe in the early 1970s, with more than 60 percent of the rural population under poverty line (head-count ratio) in almost all parts of central and eastern India. Irrigation development was also very low in these regions at that time.  However, the situation has improved in the early 1990s where rural poverty is mostly concentrated in states like Bihar, Orissa, and Madhya Pradesh, where irrigation development is poor as of today. While analyzing the independent relationship between irrigation and rural poverty, there appears to be a strong inverse relationship between the incidence of rural poverty and percentage of gross cropped area irrigated. 


Besides analyzing the role of irrigation in rural poverty through regression analysis, we have also depicted the relationship between irrigation and poverty in the two graphs. 
The trend on variation in irrigation and the various measures of poverty, and how they have changed overtime is illustrated in Figure 2.  The level of irrigation has increased more than double between 1960 and 1990.  As can be seen from Figure 2,  all the poverty measures have  declined unequivocally during these periods. The Head Count Index (HCI)which measures the percentage of population below poverty line using consumption expenditures has reduced over the period of the last three decades.  More importantly, the other two measures of poverty, poverty gap index (PGI) and Foster-Greer-Thorbecke (FGT) have declined at faster rate over the period of last three decades. This means all three measures of rural poverty in India have declined during the period, largely contributed by the success of irrigated agriculture over the years.



Table 1

Factors determining the variation in poverty measures across 14 states of India, 1970-1994.

Dependent Variable: 

Eq. 1.  Poverty incidence, i.e., % of population below poverty line by Head-Count Ratio measure. 

Eq.  2. Rural per capita monthly avg. consumption (in Rs/person/month, 1973-74 constant prices). 

Independent Variable
Marginal impact 

Elasticity at
Marginal impact 

Elasticity at


(Poverty Model)

at Sample
(Cons. Model)

Sample 



Equation 1

Mean  value
Equation 2

Mean value
Constant



70.87



43.5






(29.33)



(26.13)

Time trend


-0.50



0.14






(5.23)***


(1.94)**

% of Gross cropped area  

-0.37

0.27

0.21


0.12

under irrigation (GIA/GCA)
(7.95)***


(5.60)***

Fertilizer use per cropped area
0.03

0.03

0.036


0.03
(Kg/ha)



(0.88)NS



(1.47)

HYV adoption rate (in %) 

-0.09

0.08

0.15


0.095






(1.62)*



(4.04)***

Rural literacy  rate (%)

-0.18

0.12

0.18


0.09





(1.90)*



(2.88)***

Road density)   


0.005

0.05

-0.01


0.10

(in Km/1000Km2 land)

(1.74)*



(10.55)***

Adjusted R2 (Un-weighted)
0.53



0.35

Number of states (cross-section) 
14



14

No. of data point for each state
11



11

Number of observations

148



154

(unbalanced observations)

Sample mean of dependable 
46 %



Rs/63/month

variable
Notes:  1). Values in parentheses are absolute t-statistics; * - significant at 10 percent; ** - significant at 5 percent; *** - significant at 1 percent.  F statistics of both the models in table 2 are significant at 1percent. 

2). Both models in table 1 were estimated as constant intercept pooled panel model using Weighted Least Squares technique (GLS regression). The GLS model was further iterated to minimize the mean square errors (MSE). The results are from converged models. 

3). Elasticity value is estimated at the sample mean observations (e= dy/dx*x/y). It shows a percentage change in the dependent variation when the independent variable changes by one percentage point.  

4). Poverty measures are estimated as the percentage of the rural population under poverty line at any year estimated by head-count ratio method (original data on poverty are adapted from Datt, 1998).

5). Rural per capita mean monthly consumption illustrates the change in the purchasing capacity (income) of rural population at the constant prices of 1973-74. This is also another measure of an over time change (reduction) on the poverty measure in a region.

[image: image2.emf]Figure  2  Relationship between in Irrigation and Poverty Measures at all  India level, 1952- 1989.
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As depicted through figures, the regression results also clearly demonstrate the role of irrigation in reducing the rural poverty.   The regression results analyzing the detailed structure of impact of factor inputs on variation in poverty measures (HCI) and per capita rural consumption across the states are given in Table 1.  The negative sign of time trend variable in poverty model (equation 1), which shows overtime change on trend of poverty rate, suggests that poverty level in India has unequivocally decreased during the time period of 1970-1993.  This is also supported by the positive sign of this time trend variable in the consumption model (equation 2) which shows over time increasing rate of per capita consumption of rural population.  Among all the variables selected for analyzing the poverty measures in this study, the irrigation factor has the strongest influence in explaining the reduction in poverty.  Irrigation has even a larger marginal impact on reducing the poverty than the impact of rural literacy. Whereas rural education factor was earlier found to be strongest in influencing the agricultural productivity across the states.  Likewise, the increased HYV adoption and fertilizers use have also played a favorable role in reducing poverty in India, but their influence on poverty reduction is lower than the marginal incremental impact of irrigation and rural literacy. Unlike in productivity growth, the variable road infrastructure does not play any positive and favorable role in explaining the variation in rural poverty in India during the time period selected for this study. 

Implications of the study

Despite controversies in the incremental impact analysis of factor inputs and their individual contribution to the agricultural growth and rural development process (WCD, 2000), this study has successfully separated out the incremental marginal impact of these factor-inputs in the agricultural development and rural development process. The empirical results of the study clearly demonstrate that improvement in irrigation and rural literacy rate are the two most important critical factors for the recent growth as well as over all development of agricultural sector in India. Considering the important role of agricultural growth on poverty reduction in a region as established by the previous literature (Evanson, et al., 1998; Fan, et al., 1999; Ravallion and Datt, 1996; Mellor, 2001; Desai, 2002), these two factors of production (irrigation and literacy rate) have obviously a larger role to play in the overall rural development and poverty alleviation process in a nation, as also clearly illustrated in the regression results of this study. The larger impact of rural literacy rate on the interstate variation in agricultural productivity clearly illustrates the important role of human capital development in the growth of agricultural sector productivity and enhanced farm income. 

The findings of the present study clearly suggest that the future strategy on poverty reduction in rural India still largely depends upon how efficiently the irrigation sector is managed and how effectively the level of irrigation access is provided to a large number of farmers in the regions that have still not benefited from the Green Revolution of the 1970s and 1980s.  In addition, the lowest income quintile of population would also gain more from the irrigation development than the other upper income quintile of population just below the poverty line due to increased employment (wage rate increase as well employment security) and other feedbacks effects generated in the rural economy. Thus, the irrigation access is in fact pro-poor strategy to alleviate the severity and gravity of the poverty in a region, as illustrated from the macro level aggregate analysis in this study.
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