Working Paper 345

Effect of Rural
Infrastructure on
Agricultural Development:
District Level Analysis

in Karnataka

Soumya Manjunath
Elumalai Kannan



ISBN 978-81-7791-201-2

© 2015, Copyright Reserved
The Institute for Social and Economic Change,
Bangalore

Institute for Social and Economic Change (ISEC) is engaged in interdisciplinary research
in analytical and applied areas of the social sciences, encompassing diverse aspects of
development. ISEC works with central, state and local governments as well as international
agencies by undertaking systematic studies of resource potential, identifying factors
influencing growth and examining measures for reducing poverty. The thrust areas of
research include state and local economic policies, issues relating to sociological and
demographic transition, environmental issues and fiscal, administrative and political
decentralization and governance. It pursues fruitful contacts with other institutions and
scholars devoted to social science research through collaborative research programmes,
seminars, etc.

The Working Paper Series provides an opportunity for ISEC faculty, visiting fellows and
PhD scholars to discuss their ideas and research work before publication and to get
feedback from their peer group. Papers selected for publication in the series present
empirical analyses and generally deal with wider issues of public policy at a sectoral,
regional or national level. These working papers undergo review but typically do not
present final research results, and constitute works in progress.



EFFECT OF RURAL INFRASTRUCTURE ON AGRICULTURAL DEVELOPMENT:
DISTRICT LEVEL ANALYSIS IN KARNATAKA

Soumya Manjunath and Elumalai Kannan=

Abstract

This paper empirically investigates the relationship between rural infrastructure and agricultural
productivity in the state of Karnataka. The analysis has been carried out among the districts of
Karnataka for the period of 1980-2010. The paper presents a framework of availability and
utilisation of rural infrastructure to analyse these linkages. By and large, existing literature has
stressed the importance of making adequate infrastructure available. However, the utilisation of
these infrastructures has not been considered for explaining the differences in productivity. Rural
Infrastructure development indices have been constructed by using principal component analysis
for availability and utilisation indicators. Random effects model is applied to examine how
different categories of infrastructure affect agricultural productivity. The study establishes that
the role of availability of infrastructures in rural areas is contributing to agricultural productivity.
Infrastructure utilisation index also turns out to be a positive determinant of agricultural
productivity. Along with provision of infrastructures, fertiliser input continues to play an
important role in agricultural development. Despite the fact that availability of data limited the
variables that could be considered, the study throws up evidence in support of greater
investment in infrastructures in rural areas while at the same time stressing the need to take
steps to maximise the utilisation of existing resources. Therefore, it is important to invest in
providing region specific infrastructures to resolve the disparities across region.

Keywords: Infrastructure, Productivity, Agriculture, Karnataka

Introduction

The importance of infrastructure for development of agriculture has been widely recognised in most
developing economies. Development of infrastructure is crucial especially in rural areas as they have
implications for productivity gains and reduction in poverty (Fan and Thorat, 1999; Hazell and Haddad,
2001). Though climatic conditions, government support mechanisms, technological improvements,
policy decisions, international trade etc, can facilitate better productivity; it does not diminish the
importance of provision of adequate and appropriate infrastructural facilities at the ground level.

The need to achieve balanced regional development has been one of the key challenges for
India's policy planners for quite some time. Imbalances in developmental processes could also be due to
the fact that only a few growing sectors dominate the progress of the economy, adding to the
continuum of rural-urban differences. In this regard, agricultural sector which assumes primary
importance in rural areas, has been performing relatively poorer compared to the other sectors. Its
declining contribution to GDP share, despite more than half of rural population being involved in this
sector, is a testimony to the relatively poor performance. Agricultural development as a strategy to
minimise regional differences continues to assume prominence even today.

The state of Karnataka presents a good case to examine the relationship between agricultural
development and rural infrastructure as its production performance has been quite varying (Chand et al,
2009: Kannan and Shah, 2010). With large dry areas and some districts drought-prone, the

development of the regions has been lopsided with most of the Northern parts of Karnataka at lower
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levels of development. “The vast extent of dry, unirrigated land, located primarily in Northern
Karnataka, casts its long shadow on the socio-economic development of the local people in many
significant ways” (Planning Commission, 2006, p. 5). The differences in agricultural performance and
existence of regional disparities are often attributed to variations in natural resources endowments and
socio-economic and institutional factors (Deshpande, 2006). Northern districts of Karnataka are poorer
than the rest of the state (Planning Commission, 2007). Given the importance of infrastructure as a
strategy for agricultural development, it is imperative to examine the pathways in which targeted
infrastructure can help mitigate the regional disparities. Also, the scarce resources need to be mobilised
to get the expected output and augment development of this primary sector.

The present study examines the linkages between rural infrastructure and agricultural
productivity across the districts of Karnataka. The study attempts to analyse how different categories of
rural infrastructure affected agricultural productivity over three decades across districts in Karnataka.
Along with infrastructures, other inputs and variables which are drivers of agricultural development have
also been analysed in the paper.

The paper has been organised into six sections. After a brief introduction, the paper focuses on
reviewing the existing literature on the relationship between infrastructure and agricultural productivity
in international and Indian contexts. This section also includes a discussion of the identified research
gaps. The third section presents the conceptual framework and the classification of rural infrastructure
adopted in the present paper. The data sources and methodology are presented in the fourth section,
followed by the results of empirical estimation. The last section of the paper presents the conclusions of

the analysis.

Review of Literature

The relationship between infrastructure and productivity has been examined by various researchers and
policymakers. As early as in 1989, Aschauer examined the productivity of public capital in US for which
he brought in government expenditure as a proxy for public good in the production function. Since
Aschauer’s analysis did not include other determinants of output nor for fixed effects, the estimates are
more likely to be affected by spurious correlations. Some authors have explored the relationship
between public infrastructure and economic growth using pooled time series and cross-section data to
eliminate the problems of time series data. Munnell (1990) used core infrastructure such as highway,
water and sewer systems and others, and examined each type of infrastructure.

Most economies that are primarily agrarian in nature have sought to investigate how
agricultural productivity can be augmented through specific investments in infrastructure. Using farm
level data, Segun (2008) empirically examined the place of infrastructure in agricultural productivity in
Nigeria and found that rural infrastructure index had the highest positive impact on agricultural
productivity. In a provincial level study, Li and Liu (2009) examined the effect of infrastructure
development in agricultural production technical efficiency and established that that except
telecommunications, all the other infrastructure variables had a positive impact on agricultural

production. Llanto (2012) used a random effects GLS regression model and found that access to



electricity and paved roads had a positive and significant impact on agricultural labour productivity while
irrigation had a positive but insignificant relationship with agricultural labour productivity.

Some studies used the methodology of factor analysis to arrive at aggregate indices (Rao,
1990, Majumdar, 2004, Swaminathan, 2009) and examine agricultural development. For instance, a
study by Majumdar (2004) which aimed at examining the relationship between infrastructural
availability and development using various indices for a twenty-year time period spanning 1971-1991 at
the district level found that the association of agricultural development was strongest with power
infrastructure (0.21), followed by educational (0.20) and transport infrastructure (0.17).

In the Indian context, Ashok and Balasubramanian (2009) employed total factor productivity
approach for the districts of Tamil Nadu during 1998-99 to 2003-04 and found that irrigation, roads,
markets and literacy had greatest positive influence. Ghosh and De (2004) in their paper investigated
the role of various infrastructure facilities in determining the level of economic development across
Indian states. Swaminathan (2009) adopted Biehl’s methodology to arrive at a measure of infrastructure
index and using a modified Cobb-Doughlas production function with infrastructure investment as an
input in production. The results showed that the dispersion in social infrastructure was the maximum
(0.28) followed by economic (0.21) and general infrastructure (0.17) thereby underlining the
importance of social infrastructure in achieving/hindering inclusive growth in the Maharashtra economy.

Using fixed effects model with introduction of agroclimate and time interactions, Binswanger et
al (1999) found that except for irrigation, all other infrastructure variables influenced aggregate crop
output positively. Fan et al (1999) used a simultaneous equations model and showed that government
spending on productivity-enhancing investments and rural infrastructure, directly resulted in reducing
rural poverty, and indirectly resulted in agricultural productivity growth.

Thus, various studies both at the international level and in the Indian context (Spencer, 1994;
Kurian, 2001, Chand, 2001; Thorat et al, 2003; Modi, 2005) pointed out the importance of economic
infrastructure to boost productivity in agriculture and as a strategy for rural development. The role of
transport (Spencer, 1994; Binswanger et al, 1989; Felloni et al, 2001; Thorat et al, 2003; Rajeev, 2008),
irrigation and electricity (Barnes and Binswanger, 1986, Felloni et al, 2001; Thorat et al, 2003; Modi,
2005) in augmenting agricultural productivity have been highlighted in literature.

After a brief outline of the research studies, it is clear that most studies analyse the availability
of infrastructure in examining its linkage with agriculture. Studies that examine the linkages between
agricultural productivity and infrastructures have mainly stressed on the importance of provisioning of
infrastructures. The present study seeks to establish that mere creation of infrastructures in rural areas
will not influence improvements to agricultural productivity. Utilisation of these infrastructure stocks is
imperative to achieve the desired levels of development. How utilisation of rural infrastructure can
influence agricultural development has not been accounted for explaining differences in productivity in
existing literature. The main contribution of this paper lies in empirically assessing the importance of
utilisation of the existing infrastructure to achieve the desirable goals, along with the availability of
infrastructures.

Analysing the relationship between infrastructure and agriculture needs to go beyond a macro

analysis. The regional characteristics, agro-climatic variability, governmental policies are so varied that



an analysis at the sub-national level would be useful to understand the contribution of infrastructure to
agricultural development in a specific context. In this regard, the present study attempts to empirically
examine the impact of rural infrastructure on agricultural productivity at the district level for three
decades.

The present paper seeks to answer the following research questions:

o Does rural infrastructure development influence agricultural productivity significantly?

o Which type of rural infrastructure has the greatest impact on agricultural productivity?

Conceptual Framework

The present study considers rural infrastructure to include economic infrastructure (irrigation, electricity,
transport, telecommunication); institutional infrastructure (market, credit); and social infrastructure
(education and health). These infrastructures contribute to agricultural development, either directly or
indirectly. Agricultural development is a multi-dimensional phenomenon where different factors and
conditions should work together to achieves the potential level of output. It is influenced by various
factors such as agro-climatic conditions, development of rural infrastructure, technological

improvements and economic policies as shown in Figure 1.

Figure 1: A Diagrammatic Representation of the Relationship Between

Agriculture and Rural Infrastructure
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The provision of both economic and institutional infrastructure, while making basic services
and facilities available to the farming population, assumes that the producers have the required skills
and competencies to tap their full potential. In this regard, the development of social infrastructure
becomes important as it contributes to the development processes indirectly. Upgrading the skill
formation of the farmers to achieve greater operational precision in accessing and utilisation of services
by other infrastructural facilities is significant (Acharya et al, 1992). Such social infrastructure has not
received as much attention in agricultural research literature as much as the economic and institutional
infrastructure. When all three types of rural infrastructures are combined together with better
agricultural input such as improved seeds, fertiliser and agricultural machinery, they contribute to
decisions on inputs and farming practises thereby increasing agricultural production. Further, the
infrastructures should be made available in rural areas. At the same time, it is proposed that, these
facilities and services of the public need to be utilised to their fullest potential to benefit from these
investments and reach greater levels of agricultural productivity. In our framework, economic policy and

political factors are seen as exogenous factors that are required to invest in infrastructure.

Data and Methodology

1. Data Sources

Data on agricultural and rural infrastructural development indicators were collected and compiled from
various secondary sources. Most of the data on agricultural development indicators were collected from
the Statistical Abstract of Karnataka, Karnataka at a Glance, Quinquennial Livestock Census, District
Statistical Hand Books, Human Development Reports and Karnataka Development Report. Data on
infrastructure development indicators were collected from various sources such as the Statistical
Abstract of Karnataka, Population Census, Reports of Karnataka Food and Civil Supplies Corporation,
Departments of Co-operation and Rural Development and some unpublished documents of Directorate
of Economics and Statistics. The district level data was compiled for the period 1980-81 to 2009-10 for
the 19 districts in Karnataka®.

2. Methodology
In order to construct indices of rural infrastructure, the study adopted the method of Principal
Component Analysis (PCA) to combine the developmental indicators into composite indices. PCA is a
widely used method where it helps in explaining the variation of the observed variables based on a set
of dimensions. Many studies have used PCA to construct developmental indices (Venkataramanan et al,
1985; Gayathri, 1997; De and Ghosh, 2005; De, 2010).

The correlated original variables are transformed into a new set of uncorrelated variables using
the correlation matrix. This statistical technique linearly transforms an original set of variables into a

substantially smaller set of uncorrelated variables that explain most of the information in the original set

! One of the major concerns while performing the analysis at the district level has been the non-availability of
relevant quality data across all times at the district level. Availability of existing data on infrastructure variables of
rural nature at a district level is generally scarce. Selection of variables to some extent has also been guided by
the availability of the data at the district level. Given the limitations, the study has attempted to analyse the
relationship between agricultural development and rural infrastructure at the sub-national level in Karnataka.



of variables. The PCA technique takes N variables xi,X, ,..xy and finds linear combinations of these to
produce principal components Z; ,Z, ,...Zy that are uncorrelated. This can be presented in the following
form:

Zy=a1Xy + app X +... +an Xy

ZZ=321X1 + ax Xy +... +ay Xy

ZN=aN1X1 + anp Xo +... +ann Xy (1)

PCA uses an orthogonal transformation to convert a set of observations of possibly correlated
variables into a set of values of uncorrelated variables called principal components. There are N
principal components i.e. the same as the number of variables. The Z1 or the first Principal Component
is constructed as Z1 = a1 X; + a2 Xo +... @iy Xn-

PCA consists of finding the eigen values Aj of the correlation matrix. The correlation coefficients
between the principal components Z and the variables x are called component loadings, r (Z, X) j i.
Finally, the factor loadings for the first Principal Component Z1 are obtained by dividing each column (or
row) sum by the square root of the grand total. The factor loadings thus obtained are the correlation
coefficients of the respective indicator with the composite index. The weights are applied to all the
variables xj in Equation (1) to satisfy the conditions of being uncorrelated and that the first component
accounts for the maximum possible proportion of the variance of the set of x s.

In order to rule out a single variable to have its influence on the factor loadings, the variables
were standardised based on geographical area or population and then linearised to remove the scale
effects (Nardo et al, 2005). The variables of infrastructure availability and utilisation used to construct
the developmental indices are given in Table 1.

For estimating the relationship between rural infrastructure and agricultural productivity, we
used a large panel set using random effects in which agricultural productivity is a function of
infrastructure indices, human capital and natural resource factor. The data set is a balanced panel of 19

districts for the thirty-year period in the state of Karnataka.

3. Selection of Developmental Indicators
The three types of infrastructure being considered in the study are economic, institutional and social
infrastructures. Each infrastructure category is normalised by geographical area if it pertains to a facility
serving to an area or by rural population, if it is a service to the rural population. Overall rural
infrastructure index has been constructed using availability and utilisation indicators of irrigation,
electricity, transport, telecommunication, market, cooperative credit, education and health in rural
areas.

In this section, we briefly describe the variables used in the paper to capture the
developmental indicators of agricultural and rural infrastructural development indicators.

To indicate irrigation infrastructure, we have used the ratio of net irrigated area to net sown
area to indicate availability of irrigation infrastructure and its utilisation by the ratio of gross irrigated
area to total gross cropped area. Number of towns and villages electrified per thousand hectares of



geographical area and irrigation pump sets per lakh hectare of net sown area are used to indicate
electricity infrastructure.

The paper considers only road transport to capture the transport infrastructure since road is
the major avenue of connectivity in rural areas. We use total road length (km) per thousand hectare of
geographical area to indicate the spread of road network. The motor vehicles (in thousand) per lakh
rural population are taken as proxy for utilisation of road transport. Number of telephone exchanges per
lakh hectare of geographical area and number of telephones (in ‘000) per lakh rural population were
used as availability and utilisation indicators of telecommunication infrastructure.

Institutional infrastructure index has been constructed using indicators of market and
agricultural co-operatives. Regulated markets include those markets which are set up and maintained by
the government. The availability of financial institutions is captured using humber of agricultural credit
co-operatives societies per lakh hectare of geographical area. Credit from agricultural co-operatives is
used to capture the utilisation of these institutions.

To construct the social infrastructure index, we used the availability indicators such as number
of government primary schools per thousand hectare of geographical area and the number of primary

health care centres per lakh hectare of geographical area for education and health infrastructure

respectively.
Table 1: List of Variables of Rural Infrastructural Development
Infrastructure Indicators Variables
No. Types
Availability Utilization
Irrigation Ratio of Net Irrigated Area Ratio of Gross Irrigated Area
to Net Sown Area to Gross Cropped Area
No. of villages and hamlets Irrigation pump sets
Electricity electrified per thousand electrified (on ‘000) per lakh
1 Economic hectare of geographical area | hectare of Net sown area
’ Infrastructure Total road length (km) per No. of total registered motor
Transport thousand hectare of vehicles (thousand) per lakh
geographical area rural population
No. of telephone exchanges | No. of telephones in use
Telecommunication | per thousand hectare of (hundreds) per lakh rural
geographical area population
. No. of students in primary
Education I,:(I)(horferc,:;lar?: rgfsgcgggrl:pﬁﬁ::al schools per lakh child
Social area population in the age group
2. Infrastructure of 514 years
No. of Primary Health No. of cases of immunisation
Health Centres per lakh hectare of (in thousands) per lakh rural
geographical area population
No. of regulated markets Value of Turnover (Lakhs) per
Markets per lakh hectare of
s . thousand hectare of NSA
3 Institutional geographical area
’ Infrastructure No. of primary agricultural Loans from Agricultural Credit
Agricultural Credit credit cooperatives per lakh Co-operatives per lakh
hectare of geographical area | cultivators

Source: Author’s compilation



Agricultural NSDP (Constant Prices 1999-00) in Rs per hectare of net sown area is taken as the
dependent variable as it captures incomes received by different factors of production. This is referred to
as land productivity in our paper while estimating the econometric model. We use rainfall variability to
capture the natural resource variable, which has direct impact on agriculture. Fertiliser consumption
(kg) per lakh hectare of net sown area, percentage of area under HYV (in thousand) to net sown area
and number of tractors including power tillers (in thousand) per lakh hectare of net sown area have

been considered to indicate input, technology and mechanisation variables, respectively.

4. Model Specification

In order to establish the linkages between rural infrastructure and agricultural productivity, we have
estimated different kinds of equations. Since we have a panel dataset consisting of 19 cross-sectional
units over 30 years, using a pooled OLS estimation would not be appropriate (Kennedy, 2003). To
overcome these short comings, panel data techniques are more appropriate than single equation
models.

The OLS model neglects heterogeneity effects that are explicitly taken into the fixed effects
model (Gujarati, 2011, p. 284). An econometric estimation using cross sectional and time series using
OLS regression presents challenges such as controlling for endogeneity, possible omitted variables
(unobserved fixed effects), and measurement errors in estimation (Dorosh et al, 2010, p-6).

The present paper uses the random effects model for estimation of the relationship between
rural infrastructure and agricultural development in Karnataka. The random effects estimation has a
generalised covariance matric to include the distribution of residuals. Random effects model includes
individual error components which are not correlated with each other. Unlike the fixed effects model, in
random effects model the individual intercept is uncorrelated with the regressors. The coefficient
estimates in the model are the outcome of a weighted average of time series and cross sectional
relationship between the variables. The Wald-Chi square test shows the overall statistical significance of
the model.

We estimate the relationship between infrastructure and agricultural productivity using random

effects GLS regression model.

Yie = BiXu+ ai+ wgi
Where,
Vi is the dependent variable where i = district and t = time
X, represents independent variables
B is the coefficient of independent variables
wy; is the composite error term including w;; = u;; + €; where, u;, is the cross section error

component, and ¢;; is the combined time series and cross section error component



Empirical Estimation

Before we present the empirical results of the investigation of the linkages between agricultural
productivity and rural infrastructure, we give the tables of descriptive statistics with the number of
observations, mean and standard deviation. The table 2 presents the summary statistics of the
developmental indicators of agriculture, infrastructure availability and utilisation variables used in the
study. Except HYV area (%) and rainfall variability which are taken in their ratio forms, the other

variables are in their logarithmic forms in the analysis.

Table 2: Summary Statistics

S| Variable Definition No. of Mean Std Dev
No Observations
a Dependent variable
Agricultural Agricultural NSDP (Constant Prices
1 Land 1999-00) in Rs per hectare of net 570 9.67 0.73
productivity sown area
b Independent variables
Infrastructure Index measure from PCA using all
2 Availability measures of infrastructure 570 1.68 0.54
index availability indicators
Infrastructure Index measure from PCA using all
3 PN measures of infrastructure utilisation 570 1.37 0.51
Utilization index | .
indicators
Overall Index measure from PCA using all
4 Infrastructure measures of rural infrastructure 570 1.71 0.43
index indicators
Fertiliser consumption per lakh
> Input hectare of Net Sown Area >70 11.35 0.74
. Number of tractors and tillers per
6 Machinery lakh Net Sown Area 570 3.89 0.90
7 Technology Area under HYV as a percentage of 570 37.02 16.57
Net Sown Area
Rainfall Deviation in actual average rainfall
8 e (mms) from district specific normal 570 43.17 316.92
Variability .
rainfall (mms)

Note: Except rainfall variability and area under HYV, all the other variables are in their logarithmic
form.

Source: Author’s compilation

Stationary Test Results

Since the variables used in the analysis are of thirty-year period, we test for stationary as these time
series variables could exhibit trending behaviour. If the variables are not stationary, then the
assumption of asymptotic property will not hold good. Therefore, to check for the unit root property of
the variables, the paper uses Hadri LM Panel root test (Hadri, 2000). The null hypothesis of Hadri LM
panel unit-root states that all panels are stationary in nature. Its alternate hypothesis states that some
panel may contain unit root. Table 3 presents the stationary test of the variables using Hadri LM panel

unit tests



Table 3: Hadri LM Panel Unit Root Test

Variable Z Statistic p value Order of Integration
Land Productivity -0.94 0.826 I1(0)
Infrastructure Availability Index -1.60 0.946 1(0)
Infrastructure Utilisation Index -1.63 0.949 1(0)
Overall Rural Infrastructure Index -0.48 0.683 1(0)
Fertiliser consumption -2.21 0.986 I1(0)
HYV area % 1.57 0.058 1(0)
Tractor use -3.40 1.000 1(0)
Rainfall variability -1.15 0.875 1(0)

Source: Author’s Compilation

The results of the panel unit root test show that the variables are stationary at level form.
Variables such as infrastructure availability index, infrastructure utilisation index, overall infrastructure
index, fertiliser consumption, tractor use, and rainfall variability are stationary in level form at 5 per cent
level of significance. HVY area (%) is stationary at 10 level of significance in its level form. Therefore,
we do not reject the null hypothesis and conclude that all the variables exhibit stationary property in its
level form. We then proceed to estimate the random effects model to establish the determinants of
agricultural productivity in Karnataka.

Results of Empirical Estimation

Determinants of Agricultural land productivity using infrastructure indices
For the present analysis, the paper uses agricultural land productivity as the dependent variable
measured by agricultural net state district domestic income Rs per hectare of net sown area. The
explanatory variables in the model include indices of overall availability and utilisation of rural
infrastructure, fertiliser consumption, tractors and tillers, area under HYV, and rainfall variability. We
also introduce a regional dummy distinguishing the Southern and Northern districts of Karnataka so as
to capture the regional differences in land productivity.

In table 4, we present the results of the estimation of the relationship between land
productivity and infrastructure by using availability and utilisation indicators of rural infrastructure.
Infrastructure availability and infrastructure utilisation index have high positive correlation of 0.94.

Therefore, we have estimated two different models as seen in the table 4.

10



Table 4: Panel model of Land Productivity with Rural Infrastructure Indices

chi2 (p-value)

Variables Pooled OLS Random effects | Pooled OLS Random effects 11
Infrastructure 024 0.26%xx 1
Availability index (4.41) (6.35)
Infrastructure | | 0.27%*x 0.35%*x
Utilisation index (5.34) (9.38)
Fertiliser 0.23%** 0.16%** 0.24*** 0.16%**
consumption (4.34) (4.08) (4.45) (4.25)
0.11%* 0.11% 0.13* 0.09**
Tractor use
(2.88) (3.18) (3.29) (0.005)
0.00001 0.001 0.0002 0.001
HYV Area (%)
(0.01) (1.23) (0.25) (1.24)
-0.00002 -0.00002 -0.00002 -0.00002
Rainfall variability
(-0.58) (-0.8) (-0.60) (-0.59)
0.16%** 0.16%** 0.17%*x* 0.18**x*
Regional Dummy
(6.06) (8.81) (6.91) (10.31)
2.58*** 2.90%** 2.54%*x* 2.89%**
Constant
(11.88) (16.94) (11.76) (17.58)
No. of observations | 570 570 570 570
R square
Within 0.52 0.56
Between 0.17 0.12
Overall 0.38 0.38 0.38 0.38
tB;setUSCh'Paga” LM 1 1383.12 1525.84
! (0.000) (0.000)

F value

F(6, 563)= 56.7
Prob>F=0.00

Wald chi2(6)=591.5
Prob > chi2=0.00

F(6, 563)=59.1
Prob>F=0.00

Wald chi2(6)=683.1
Prob>Chi2=0.00

Note:

Significant at 10%

Source: Author’s Calculation

Figures in parentheses indicate t value, ***Significant at 1%, ** Significant at 5 %, *

The regression results of random effects Model 1 indicate a positive and significant relationship

of agricultural land productivity with availability of rural infrastructure (0.16***). A 1-unit increase in the

provisions of infrastructure in rural areas is associated with an increase of around 0.24 units in land

productivity. The estimated coefficient value for fertiliser use is highly significant and has a positive

association with land productivity. Tractor use representing machinery is positive and significant at 10

per cent. HYV area (%), which is used as a proxy to capture technology, shows a positive sign, though

not significant.

The coefficient of the regional dummy variable is positive and significant at 1% level

suggesting that productivity of land is relatively higher in Southern districts than their Northern
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counterparts. The model is fit as seen by the Wald chi square value of 591.5. The Breusch-Pagan
statistic clearly establishes that panel regressions are better suited than the pooled linear regressions.
The model seems to provide a good explanatory framework, explaining around 38 per cent of the
variance in the dependent variable.

Similarly, the regression output according to random effects Model II, where infrastructure
utilisation index has been used as one of the explanatory variables shows high and significant
relationship with land productivity. It is important to note here that the coefficient value of utilisation
index is higher than that of availability index in determining improvements in land productivity thereby
indicating that along with provisioning of infrastructures, the existing infrastructures need to be fully
used to their potential to reap their benefits.

Fertiliser input continues to be an important indicator of agricultural productivity. A 1%
increase in the fertiliser input usage increases the land productivity by 24 per cent. Variations in rainfall
as captured by the rainfall variability have negative though insignificant relationship with land
productivity. The growth in adoption of mechanisation in agriculture as indicated by usage of tractors
and tillers also shows a positive relationship with land productivity. The overall R? of 38 per cent shows
that the explanatory power of the model is good.

Determinants of land productivity using overall rural infrastructure index

We regress overall rural infrastructure index which includes both availability and utilisation infrastructure
indicators, and other variables such as fertiliser consumption, tractors and tillers, area under HYV,
rainfall variability and regional dummy on land productivity.

Table 5 presents the estimation results of land productivity with overall rural infrastructure
index where the combined effect of availability and utilisation of infrastructures are being captured in
the model. Panel regressions are appropriate than pooled linear regression as shown by the Breusch-
Pagan statistic. The model has a good overall fit and the explanatory power of the model is around 33
per cent.

The random effects model III shows that overall infrastructure has positive and highly
significant impact on land productivity. A significant coefficient value of 0.41 for overall index of rural
infrastructure implies that a 1% improvement in provisioning and utilisation of infrastructure facilities
could induce increases in land productivity by almost 0.4%. The coefficient of fertiliser usage is positive
and highly significant. The coefficient of regional dummy is positive and significant suggesting that
districts lying in the Northern parts have relatively lower land productivity. Therefore, the results of the
model show that improvement in provisions and usage of rural infrastructures along with increased use

fertiliser use, adoption of mechanisation bring about increases in overall productivity in agriculture.
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Table 5: Panel Model of Land Productivity with Overall Rural Infrastructure Index

Variables Pooled OLS 111 Random effects 111
0.36%** 0.41%%*
Overall Index
(5.40) (8.72)
0.23%** 0.16%**
Fertiliser consumption
(4.24) (3.99)
0.10 0.07**
Tractor use
(2.44) (2.10)
0.001 0.001**
HYV Area (%)
(0.45) (0.02)
. o -0.00002 -0.00001
Rainfall variability
(-0.44) (-0.46)
0.16%** 0.16%**
Region Dummy
(6.20) (9.09)
2.54%x* 2.86%**
Constant
(11.74) (17.20)
No of observations 570 570
R square
Within 0.55
Between 0.15
Overall 0.39 0.38
Breusch and Pagan LM test, chi2 1480.61
(p-value) (0.000)
F (6, 563) = 59.18 Wald chi2(6)=658.6
F value
Prob > F = 0.000 Prob > F = 0.000

Note: Figures in parentheses indicate t value, ***Significant at 1%, ** Significant at 5 %, *
Significant at 10%

Source: Author’s Calculation

Conclusion

Considering the importance that agricultural sector holds for Karnataka economy, the present paper
assesses the relationship between agricultural productivity and infrastructure development across the
districts of Karnataka. The foregoing analysis provides insights into understanding the main drivers of
agricultural productivity in Karnataka using land productivity as the dependent variable. In order to
examine the relationship between rural infrastructure and agricultural productivity, the paper focused on
different classifications of rural infrastructure and estimated the influences of infrastructure on
agricultural productivity using district level data for the period between 1980 and 2010 in Karnataka.

In contrast to the earlier studies, the present analysis develops infrastructure availability and
utilisation indices to examine the impact of rural infrastructure on agricultural productivity. We
employed a random effects model to estimate the relationship between rural infrastructure and
agriculture using a panel of 19 cross-section units spanning over 30 years. The random effect
estimations showed the importance of rural infrastructure in boosting agricultural productivity. The

study emphasises the role of making the infrastructures available in rural areas as significantly
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contributing to agricultural productivity. Infrastructure utilisation index has turned out to be significant
and positive, indicating that utilisation of infrastructure can also influence productivity in agriculture
positively. Also, more developed districts have better infrastructure facilities while the lagging regions
are inadequate both in terms of infrastructure availability and utilisation. Along with infrastructures, the
use of traditional inputs such as fertiliser application and the mechanisation of agriculture as indicated
by tractor use are also responsible for significant differences in land productivity across the districts.

There is a need to introduce new infrastructures and efficient use of existing ones in rural
areas. Resolving regional disparities does not call for equalising provisions of every infrastructure, but
provision of those that are region specific. Improvements in institutional mechanisms can go a long way
in improving agricultural productivity. Utilisation infrastructure index of economic indicators turns out to
be a positive determinant of agricultural productivity. Optimal utilisation of existing infrastructure is a
result of a combination of factors. Utilisation of some infrastructure is conditional on the availability and
quality of other infrastructure and it is possible that the lowest common denominator determines the
overall utilisation of infrastructure.

Thus, rural infrastructure affects agricultural productivity directly through improvements in
infrastructures. Therefore, assessing the importance of utilisation of the infrastructure brings to fore
several key points that may be ignored if focus remains only on addition to the stock of infrastructure.
Further, strengthening human capital and augmenting information awareness enables better usage of
existing structures. Thus, the study throws up evidence in support of greater investment in
infrastructures in rural areas while at the same time calling for steps to be taken to maximise the

utilisation of existing resources.

References

Acharya, ], Govindaraju, K and Gregory, S (1992). Access to Infrastructure and Sustainability in
Sericulture: A Study of Palani Taluk in Tamil Nadu. Bangalore: Institute for Social and Eonomic
Change.

Aschauer, D (1989). Public Investment and Productivity Growth in the Group of Seven. Economic
Perspective, 13: 17-25.

Ashok and Balasubramanian (2009). Role of Infrastructure in Productivity and Diversification of
Agriculture. SANEI.

Barnes, D and Binswanger, H (1986). Impact of Rural Electrification and Infrastructure on Agricultural
Changes, 1966-1980. Economic and Political Weekly, 21 (1): 26-34.

Binswanger, H P, Khandekar, S R and Rosenzweig, M R (1989). The Impact of Infrastructure and
Financial Institutions on Agicultural Output and Investment in India. The World Bank.

Binswanger, H P, Khandekar, S R and Rosenzweig, M R (1999). How Infrastructure and Financial
Institutions Affect Agricultural Output and Investment in India. The World Bank, WPS 163.

Chand, R (2001). Emerging Trends and Issues in Public and Private Investments in Indian Agriculture:A
Statewise Analysis. Indian Journal of Agricultural Economics, 56 (2): 161-84.

Chand, R, Garg, S and Pandey, L (2009). Regional Variations in Agricultural Productivity-A District Level
Study. New Delhi: National Centre for Agricultural Economics and Policy Research.

14



De, P and Ghosh, B (2005). Effects of Infrastructure on Regional Income in the Era of Globalization:
New Evidence from South Asia. Asia-Pacific Development Journal, 12 (1): 81-107.

Deshpande, R (2006). Karnataka’s Agricultural Policy 2006. Bangalore: Department of Agriculture and
Horticulture, Government of Karnataka.

Dorosh, P, Wang, H G, Yoou, L and Schimdt, E (2010). Crop Production and Road Connectivity in Sub-
Saharan Africa- A Spatial Analysis. The World Bank, Policy Research Working Paper No 5385,
1-34.

Fan, S, Hazell, P and Thorat, S (1999). Linkages between Government Spending, Growth, Poverty in
Rural India. Washington D.C.: International Food Policy Research Institute.

Felloni, F, Wahl, T, Wandschneider, P and Gilbert, J (2001). Infrastructure and Agricultural Production:
Cross- Country Evidence and Implications for China. Washington State University.

Gayathri, K (1997). Role of Infrastructure in the Industrial Development of Karnataka: A District Level
Analysis. Arthavijnana, XXXIX (2): 185-205.

Ghosh, B, and De, P (2004). How Do Different Categories of Infrastructure Affect Development?
Evidence from Indian States. Economic and Political Weekly, 39 (42): 4645-4657.

Gujarati, D (2011). Econometrics by Example. Hampshire: Palgrave Macmillan.

Hazell, P and Haddad, L (2001). Agricultural Research and Poverty Reduction. Food, Agriculture, and
the Environment Discussion Paper 34. Washington D.C.: International Food Policy Research
Institute.

Kannan, E and Shah, K (2010). Determinants of Stagnation in Productivity of Important Crops in
Karnataka. Bangalore: Institute for Social and Economic Change.

Kennedy, P (2003). A Guide to Econometrics (5th ed.). Oxford: Blackwell.

Kurian, N (2001). Regional Disparities in India. Retrieved March 5, 2011, from Planning Commission of
India.

Li, Z and Liu, X (2009). The Effects of Rural Infrastructure Development on Agricultural Production
Technical Efficiency: Evidence from the Data of Second National Agricultural Census of China.
Beijing: International Association of Agricultural Economists Conference.

Llanto, G (2012). 7he Impact of Infrastructure on Agricultural Productivity. The PIDS Discussion Paper
Series, 1-53.

Majumdar, R (2005). Infrastructure and Regional Development in India. Munich Personal RePEc Archive,
4814, 1-37.

Modi, V (2005). Improving Electricity Services in Rural India. The Earth Institute at Columbia University,
GSD Working Paper No.30 (Columbia).

Munnell, A (1990). How Does Public Infrastructure affect Regional Economic Performance?. New
England Economic Review, 11-32.

Nardo, M, Saisana, M, Saltelli, A, Tarantola, S, Hoffman, A and Glovannini, E (2005). Handbook of
Constructing Composite Indicators: Methodology and User Guide? OECD Statistics Working
Paper (Paris).

Planning Commission (2006). Human Development Report. Bangalore: Planning and Statistics
Department, Government of Karnataka.

15



(2007). Karnataka Development Report. New Delhi: Planning and Statistics Department,

Government of Karnataka.

Rajeev, M (2008). Rural Infrastrucuture Development Fund: Need for a Track Change. Institute for
Social and Economic Change, Working Paper No.195 (Bangalore).

Segun. (2008). An Economic Survey of Rural Infrastructures and Agricultural Productivity Profiles in
Nigeria. European Journal of Social Sciences, 7 (2).

Spencer, D (1994). Infrastructure and Technology Constraints to Agricultural Development in the Humid
and Sub Humid Tropics of Africa. IFPRI, Environment and Production Technology Division,
EPTD Discussion Paper No.3.

Swaminathan, A (2009). Infrastructure Investment and Regional Economic Growth: A Case Study of
Maharashtra. Mumbai: University of Mumbai.

Thorat, S, Chand, R and Bhalla, G (2003). Rural Public Investment in India : Lessons for Growth and
Poverty Reduction. New Delhi: International Food Policy Research Institute.

Venkataramanan, L, Prahaladachar, M and Deshpande, R S (1985). Dynamics of Rural Transformation in

Karnataka 1956-76. Bangalore: Institute for Social and Economic Change

16



282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

Recent Working Papers

Pattern of Mortality Changes in Kerala:
Are they Moving to the Advanced Stage?
M Benson Thomas and K S James

Civil Society and Policy Advocacy in
India
V Anil Kumar

Infertility in India: Levels, Trends,
Determinants and Consequences
T S Syamala

Double Burden of Malnutrition in India:
An Investigation
Angan Sengupta and T S Syamala

Vocational Education and Child Labour in
Bidar, Karnataka, India
V Anil Kumar

Politics and Public Policies: Politics of
Human Development in Uttar Pradesh,
India

Shyam Singh and V Anil Kumar

Understanding the Fiscal Implications of
SEZs in India: An Exploration in Resource
Cost Approach

Malini L Tantri

Does Higher Economic Growth Reduce
Poverty and Increase Inequality?
Evidence from Urban India

Sabyasachi Tripathi

Fiscal Devaluations
Emmanuel Farhi, Gita Gopinath and Oleg Itskhoki

Living Arrangement Preferences and
Health of the Institutionalised Elderly in
Odisha

Akshaya Kumar Panigrahi and T S Syamala

Do Large Agglomerations Lead to
Economic Growth? Evidence from Urban
India

Sabyasachi Tripathi

Representation and Executive Functions
of Women Presidents and
Representatives in the Grama
Panchayats of Karnataka

Anand Inbanathan

How Effective are Social Audits under
MGNREGS? Lessons from Karnataka
D Rajasekhar, Salim Lakha and R Manjula

Vulnerability Assessment Of The
Agricultural Sector In Yadgir District,
Karnataka: A Socio-Economic Survey
Approach

Sarishti Attri and Sunil Nautiyal

How Much Do We Know about the
Chinese SEZ Policy?
Malini L Tantri

Emerging Trends in E-Waste Management
- Status and Issues

A Case Study of Bangalore City

Manasi S

The Child and the City: Autonomous
Migrants in Bangalore
Supriya RoyChowdhury

Crop Diversification and Growth of Maize
in Karnataka: An Assessment
Komol Singha and Arpita Chakravorty

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

The Economic Impact of Non-
communicable Disease in China and India:
Estimates, Projections, and Comparisons
David E Bloom, Elizabeth T Cafiero, Mark E
McGovern, Klaus Prettner, Anderson Stanciole,
Jonathan Weiss, Samuel Bakkia and Larry
Rosenberg

India’s SEZ Policy - Retrospective Analysis
Malini L Tantri

Rainwater Harvesting Initiative in
Bangalore City: Problems and Prospects
K S Umamani and S Manasi

Large Agglomerations and Economic
Growth in Urban India: An Application of
Panel Data Model
Sabyasachi Tripathi

Identifying Credit Constrained Farmers: An
Alternative Approach
Manojit Bhattacharjee and Meenakshi Rajeev

Conflict and Education in Manipur: A
Comparative Analysis
Komol Singha

Determinants of Capital Structure of
Indian Corporate Sector: Evidence of
Regulatory Impact

Kaushik Basu and Meenakshi Rajeev

Where All the Water Has Gone? An
Analysis of Unreliable Water Supply in
Bangalore City

Krishna Raj

Urban Property Ownership Records in
Karnataka: Computerized Land
Registration System for Urban Properties
S Manasi, K C Smitha, R G Nadadur, N Sivanna, P

G Chengappa

Historical Issues and Perspectives of
Land Resource Management in India: A
Review

M S Umesh Babu and Sunil Nautiyal

E-Education: An Impact Study of Sankya
Programme on Computer Education
N Sivanna and Suchetha Srinath

Is India’s Public Debt Sustainable?
Krishanu Pradhan

Biomedical Waste Management: Issues
and Concerns - A Ward Level Study of
Bangalore City

S Manasi, K S Umamani and N Latha

Trade and Exclusion: Review of Probable
Impacts of Organised Retailing on
Marginalised Communities in India

Sobin George

Social Disparity in Child Morbidity and
Curative Care: Investigating for
Determining Factors from Rural India
Rajesh Raushan and R Mutharayappa

Is Access to Loan Adequate for Financing
Capital Expenditure? A Household Level
Analysis on Some Selected States of India
Manojit Bhattacharjee and Meenakshi Rajeev

Role of Fertility in Changing Age Structure
in India: Evidence and Implications
C M Lakshmana



317

318

319

320

321

322

323

324

325

326

327

328

329

Healthcare Utilisation Behaviour in India:
Socio-economic Disparities and the Effect
of Health Insurance

Amit Kumar Sahoo

Integrated Child Development Services in
India — A Sub-National Review
Jonathan Gangbar, Pavithra Rajan and K Gayithri

The Infrastructure-Output
Regional Experience from India
Sumedha Bajar

Nexus:

Uncertainty, Risk and Risk Mitigation: Field
Experiences from Farm Sector in
Karnataka

Meenakshi Rajeev and B P Vani

Socio-Economic Disparities in Health-
Seeking Behaviour, Health Expenditure
and Sources of Finance in Orissa: Evidence
from NSSO 2004-05

Amit Kumar Sahoo and S Madheswaran

Does Living Longer Mean Living Healthier?
Exploring Disability-free Life Expectancy
in India

M Benson Thomas, K S James and S Sulaja
Child and Maternal Health and Nutrition in
South Asia - Lessons for India

Pavithra Rajan, Jonathan Gangbar and K Gayithri

Reflecting on the Role of Institutions in
the Everyday Lives of Displaced Women:
The Case of Ganga-Erosion in Malda, West
Bengal

Priyanka Dutta

Access of Bank Credit to Vulnerable
Sections: A Case Study of Karnataka
Veerashekharappa

Neighbourhood Development and Caste
Distribution in Rural India
Rajesh Raushan and R Mutharayappa

Assessment of India’s Fiscal and External
Sector Vulnerability: A Balance Sheet
Approach

Krishanu Pradhan

Public Private Partnership’s Growth
Empirics in India’s Infrastructure
Development

Nagesha G and K Gayithri

Identifying the High Linked Sectors for
India: An Application of Import-Adjusted
Domestic Input-Output Matrix

Tulika Bhattacharya and Meenakshi Rajeev

330

331

332

333

334

335

336

337

338

339

340

341

342

343

Out-Of-Pocket (OOP) Financial Risk
Protection: The Role of Health Insurance
Amit Kumar Sahoo and S Madheswaran

Promises and Paradoxes of SEZs Expansion
in India

Malini L Tantri

Fiscal Sustainability of National Food
Security Act, 2013 in India

Krishanu Pradhan

Intergrated Child Development Services
in Karnataka
Pavithra Rajan, Jonathan Gangbar and K Gayithri

Performance Based Budgeting:
Subnational Initiatives in India and China
K Gayithri

Ricardian Approach to
Sustainability in India
Krishanu Pradhan

Fiscal

Performance Analysis of National Highway
Public-Private Partnerships (PPPs) in India
Nagesha G and K Gayithri

The Impact of Infrastructure Provisioning
on Inequality: Evidence from India
Sumedha Bajar and Meenakshi Rajeev

Assessing Export Competitiveness at
Commodity Level: Indian Textile Industry
as a Case Study

Tarun Arora

Participation of Scheduled Caste
Households in MGNREGS: Evidence from
Karnataka

R Manjula and D Rajasekhar

Relationship Between Services Trade,
Economic Growth and External
Stabilisation in India: An Empirical
Investigation
Mini Thomas P

Locating the Historical Past of the
Women Tea Workers of North Bengal
Priyanka Dutta

Korean Media Consumption in Manipur: A
Catalyst of Acculturation to Korean
Culture

Marchang Reimeingam

Socio-Economic Determinants of Educated
Unemployment in India
Indrajit Bairagya

Price: ¥ 30.00

ISBN 978-81-7791-201-2

INSTITUTE FOR SociAL AND Economic CHANGE

Dr V K R V Rao Road, Nagarabhavi P.O., Bangalore - 560 072, India
Phone: 0091-80-23215468, 23215519, 23215592; Fax: 0091-80-23217008
E-mail: vani@isec.ac.in; Web: www.isec.ac.in





