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ABSTRACT The behaviour of agricultural investment inspired to investigate the true relationship between public
investment and agricultural productivity. The present study attempted to examine the nature and extent of
disparity in public investment in major and medium irrigation projects across states and to examine the long-run
effect of public investment in major and medium irrigation in food grain productivity across the major states of
India.  The analysis showed that disparity among the states on the basis of expenditure on per hectare of gross
cropped area in each state was marginally increased over the plan periods.  The results obtained from Polynomial
Distributed Lag (PDL) model showed that in Andhra Pradesh, Karnataka, and Orissa, a lag of six years was observed
in attaining the 100 percent effect of public investment (major and medium irrigation) on food grain productivity
while in Gujarat a lag of 9 years was observed.  In Kerala, a lag of 11 years, Maharashtra and Rajasthan a lag of 7
years was observed.  West Bengal, Punjab and Assam, a lag of 12 years was observed for realising the 100 percent
effect of public investment in major and medium irrigation on food grain productivity.
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INTRODUCTION

Availability of adequate, timely and assured
irrigation is a critical determinant of agricultural
productivity. Over the past, huge amounts have
been directly invested by the public sectors in
various major and medium irrigation works. The
public investment in (medium and major) irriga-
tion takes some time lag in imparting its effect
on agricultural productivity. In India, more than
80% of the total public expenditure in agricul-
ture is constituted by major and medium irriga-
tion and about 75% of total irrigated area is un-
der food grains, therefore, examining the long-
term impact of public investment in major and
medium irrigation on food grain productivity
would be more rational.

Objective

The present study attempted to examine the
nature and extent of disparity in public invest-
ment (in major and medium irrigation) among
major states and to examine the long-run effect
of public investment (in major and medium irri-
gation) on food grain productivity in important
food grain producing states of India.

Literature  Review

Nelson (1964) and Feder et al. (1985) noted
that public investment is necessary to promote
technology adoption, stimulate complementari-
ties on-farm investment and input use. Chakra-
varthy (1993) argued that in India, the role of the
State as an investor is the compulsions arising
from the existing climatic and demographic  char-
acteristics requiring different types of invest-
ment including yield-increasing investments like
irrigation, fertilizers, better seeds, etc. which
makes State intervention essential. He also sug-
gested that transforming traditional agriculture
means increasing public investment. Antholt
(1994) justified public investment in basic infra-
structure, human capital formation and research
and development as necessary conditions for
private investment.  Roy and Pal (2002), exam-
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ined the relationship between investment and
productivity for the period from 1965-66 to 1998-
99 using a simultaneous equation model.  The
authors observed that both public and private
investments have positive relationship with ag-
ricultural productivity. They also explored that
the effect of investment on productivity is stron-
ger than the effect of subsidies.  However, Go-
lait and Lokare (2008) found that in India, public
investment in agriculture has been loosing its
share over time, more rapidly since the 1990s
and compounded by inadequacy of farm credit.
Inadequacy of new capital formation has slowed
the pace and pattern of technological change
and the infrastructural development with ad-
verse effects on agricultural productivity. Song-
qing et al.  (2012) the study provides strong sup-
port for continuing investment in irrigation in-
frastructure in India. Besides, the analyses in
the present  research does not identify the rea-
sons why irrigation is more effective in some
state than in others. Understanding the factors
behind the heterogeneous impacts of irrigation
across states is important for ensuring the opti-
mal allocation of irrigation investment funds and
is a topic for future research. Pandey et al. (2012)
highlighted the need for strengthening the non-
farm employment and income opportunities
along with the improved farm productivity
through resource diversification towards high-
value crops like fruits and vegetables. Region-
specific development strategies of generating
non-farm activities along with improving land
productivity are required for reducing rural pov-
erty in Uttar Pradesh. The policy imperatives
include public investment in irrigation and in-
centives to encourage agricultural diversifica-
tion and intensive-use of inputs like fertilizer.
Nadeem et al. (2012) examined the relationship
between productivity in agriculture and invest-
ments in agricultural research, extension, irriga-
tion, and rural roads in Punjab province, Paki-
stan. Results mentioned that agricultural re-
search has a significant and positive impact on
productivity with a long-run elasticity of 0.24;
and the marginal internal rate of return to re-
search is 27%. Public investments in agricultur-
al extension, rural roads, and irrigation are also
significant. Granger-causality tests show a uni-
directional relationship from research to produc-
tivity. Beyene et al. (2012) used a dynamic PEP
type Computable General Equilibrium (CGE)
model calibrated on an updated version of the

2005 SAM. Public investment increases the sup-
ply of skilled agricultural labour and that of irri-
gated land by transforming unskilled labour and
non-irrigated land. Two types of technologies
are utilized in agriculture: a more productive tech-
nology that is intensive in skilled labour and
irrigated land and a less productive technology
that is intensive in unskilled labour and non-
irrigated land. Financing such investment plans
may require an alternative allocation of public
resources and a different financing mechanism.

The dynamic effect of any intervention has
been one of the most researched topics relating
to various instruments. Most of the publications
involve the use of distributed lag econometric
models (Palda 1965; Tull 1965; Doyle 1968; Bass
and Clarke 1972; Clarke 1976; Parsons 1976) high-
lighting the delayed response of target to inter-
ventions. Some of the more recent applications
of distributed lag models on the effects of ad-
vertising to sale are the publication of Mela et
al. (1997) and Pieters and Bijmolt (1997).

  Rufino (2008) applied PDL model to assess
the lagged effect of TV advertisement on sale
and he found that among the fitted PDL models
appears to be the best-fitting model among the
eight alternatives tested. Fouda (2010) exam-
ined how the effects of various variables of eco-
nomic policy spread on Cameroonian growth
over the years. He found that investment and
foreign direct investment (FDI) had a positive
impact on economic growth. The effect of FDI is
seemed significant only with polynomial distrib-
uted lag model. He also found out that in the
presence of government expenditures, the ef-
fect of investment on growth is appeared nega-
tive after one year due probably to the existence
of eviction effect. Lotz and Pouris (2013) exam-
ined this relationship specifically in South Afri-
ca for the period 1980–2008. Using the autore-
gressive distributed lag method; they investi-
gated the relationship between gross domestic
product (GDP) and the comparative research
performance of the country in relation to the
rest of the world. The results of this study indi-
cated that in South Africa for the period 1980–
2008 the comparative performance of the research
output can be considered as a factor affecting
the economic growth of the country. In contrast,
economic growth did not influence the research
output of the country for the same period (Higgs
and Worthington 2014). The present paper mod-
els the price and income elasticity of retail fi-
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nance in Australia using aggregate quarterly
data and an autoregressive distributed lag
(ARDL) approach. The researchers particularly
focussed on the impact of the global financial
crisis (GFC) from 2007 onwards on retail finance
demand and analyse four submarkets.

 The popularity of Koyck model lies not only
on its intuitively appealing notion that the ef-
fect of an intervention is highest at the time it is
made and gradually diminishes over time, but
also on its ready transformation into a simple
autoregressive model.  Other model commonly
employed in examining the sale response to ad-
vertisement is the Almon (polynomial distribut-
ed lag) model. The Almon lag scheme provides a
more flexible method for reduced parameteriza-
tion. The basis of the approximation is a func-
tion continuous in a closed interval may be ap-
proximated over the whole interval by a polyno-
mial of suitable degree, which differs from the
function by less than any given positive quanti-
ty at every point of the interval.

This behavior of agricultural investment in-
spires to investigate the true relationship be-
tween public investment and agricultural pro-
ductivity. Most of the studies emphasized on
the role of public investment as a major factor in
determining agricultural production and produc-
tivity. However, an in-depth analysis of the long-
run relationship between public investment in
creating irrigation potential and productivity re-
ceived very little attention.

DATA  AND  METHODS

The study is based on state-wise time series
secondary data published by Central Statistical
Organization and Reserve Bank of India on pub-
lic investment in major and medium irrigation.
The state-wise time series data of investment at
current price was converted to constant price
base year 2003-04 using gross domestic prod-
uct (GDP) deflator. The state-wise time series
data on food grain productivity was obtained
from sources like Centre for Monitoring Indian
Economy (Indian Harvest) online database, In-
diastat online database and Directorate of Eco-
nomics and Statistics, Ministry of Agriculture.
The study included major food grain growing
states which cover about 90 percent area under
food grains. The year-wise average food grain
productivity and per hectare expenditure on ir-

rigation projects was used for different plan pe-
riods starting from Fifth to Tenth Five Year Plan
viz. 1974-75 to 1979-80, 1980-81 to 1984-85, 1985-
86 to 1991-92, 1992-93 to 1996-97, 1997-98 to 2001-
02 and 2002-03 to 2006-07.

It is assumed that for a balanced growth of
agricultural development among the states, it is
necessary to mitigate the regional imbalances.
Thus, the public funds must be allocated on
equitable basis across various states. As a mea-
sure of inequality, Gini (G) coefficient was com-
puted for different plan periods, which shows
the mean of absolute differences between all
pairs of individuals.

For

Where, x is an observed value, n is the num-
ber of values observed and is the rank of values
in ascending order. The Gini coefficient takes on
values between 0 and 1 with zero interpreted as
no inequality. Further, it is hypothesized that
the public investment in (medium and major) irri-
gation takes some time lag in imparting its effect
on agricultural productivity.

 Long-run impact of public investment in
(medium and major) irrigation on food grain pro-
ductivity, non-stationarity in time series variables
was tested using Augmented Dickey Fuller
(ADF) test. If the variable has no unit root, then
they are stationary and if it has unit roots, then
differencing the variable could make it station-
ary. The stationary (differenced) data series were
used to determine the number of lags using Poly-
nomial Distributed Lag (PDL) [Almon, 1965]
model.

Firstly, the researchers postulate the distrib-
uted lag model (Gujarati (2003) as:
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for i = 1,2,...,m (with p < m). This assumption
essentially reduces the number of parameters of
(1) from m + 1 to p + 1.

Through substituting into distributed-lag
model and transformation, it becomes  
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Further, imposing the restriction will lead to
more efficient estimates and more powerful tests
if the restriction is true. The possibility of a false
restriction is notable when there is no lag
present; hence we can not apply PDL model
unless there is a strong a priori reason to be-
lieve that a lag structure in the relationship is
present.

In implementing the PDL model, the chal-
lenge lies in the choice of the appropriate m (or
the maximum duration of the intervention) and p
(the degree of the polynomial). Another conten-
tious issue in the use of the PDL model refers to
the imposition of the so-called “end points” con-
straints.  Unfortunately, no convincing reason
has ever been advanced as to why these con-
straints are true, except perhaps to terminate the
effect after the maximum duration. Almon (1965)
merely stated, without explanation, that we will
“always” want to impose these constraints. It is
mentioned in the literature that user may impose
or forego for any of the end point constraint.
The goodness-of-fit indicators are unanimous
in affirming the superiority of the model. Even
the Durbin-Watson statistics indicated the ab-
sence of serial correlation. Besides, LM test was
applied, if calculated LM test statistics exceeds
the critical chi-square value, one can reject the
hypothesis of no serial correlation up to lag or-
der 1 at the 95% confidence level.

RESULTS  AND  DISCUSSION

Nature of Disparity in Public Expenditure
among States

It was assumed that the public expenditure
may be done in proportion of gross cropped
area in each state. To examine the disparity in
public expenditure on major and medium irriga-
tion projects among states, Gini’s ratios were
computed for different plan periods and present-
ed in Table 1. The analysis shows that disparity
among the states on the basis of expenditure on
per hectare of gross cropped area in each state
has increased over plan periods. The analysis
of coefficient of variation also confirms the find-
ings of the Gini’s ratios.

Long-term Effect of Public Investment on Food
Grain Productivity

To examine the long-term effect of public ex-
penditure in major and medium irrigation on food
grain productivity, Polynomial Distributed Lag
(PDL) Model was applied. Public expenditure
per hectare of gross cropped area and average
food grain productivity were used as indepen-
dent and depended variable, respectively in the
analysis. The stationarity series was tested with
ADF test and both the series were stationary at
first difference. It was observed that in four states
namely, Bihar, Haryana, Madhya Pradesh, Tamil
Nadu and Uttar Pradesh, has no lag structure in
the relationship, thus, ADL model was not ap-
plicable in such cases.  The selection of polyno-
mial degree was taken where the value of Z

i
changes the sign. The selection of “end point”
was considered by observing the significance
of âi and the change of sign.

The results informed that in Andhra Pradesh,
there was a lag of six years in attaining the 100
percent effect of public expenditure in major and
medium irrigation on food grain productivity
(Table 2). The value of R2 was 89 percent. DW

Table 1: Measurement of disparity among states over Five Year Plan periods (Expenditure on Major
and Medium Irrigation (Rs/ha))

 V Plan VI Plan VII Plan VIII Plan IX Plan X Plan

Mean Rs/ha 333.53 436.29 530.20 575.10 662.77 979.94
Gini Ratio 0.3636 0.3979 0.3902 0.4268 0.4342 0.4945
C.V. 79.87 89.52 84.23 93.41 96.62 103.02
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was 2.14 and LM test value was 1.97 which is
less than the value of (.95, 1) indicates that there
is no serial correlation up to lag order one. In
Assam, a lag of twelve years was observed (Ta-
ble 3). The value of R2 was 83 percent, DW was
2.02 and LM test value was 0.04. In Gujarat state,
a lag of 9 years was observed (Table 4). The
value of R2 was 59 percent.  DW was 2.11 and
LM test value was 0.11 which indicated that there
is no serial correlations up to lag order one. Kar-
nataka state indicates a lag of 6 years for realis-
ing the full effects of public expenditure on food
grain productivity (Table 5). The value of R2 was
61 percent.  DW was 2.08 and LM test value was
2.67.  In Kerala, lag of 11 years was observed in
attaining the 100 percent effect of public expen-
diture in (major and medium) irrigation on food

grain productivity (Table 6). The analysis
showed that in the effect of public expenditure
on food grain productivity was slow but posi-
tive. The value of R2 was 86 percent.  DW was
1.80 and LM test value was 0.15. There was a lag
of 7 years in attaining the 100 percent effect of
public expenditure in (major and medium) irriga-
tion on food grain productivity in Maharashtra
(Table 7). The value of R2 was 48 percent. DW
was 2.19 and LM test value was 2.19.  There was
a lag of 6 years in Orissa (Table 8). The value of
R2 was 48 percent.  DW was 2.12 and LM test
value was 0.28 which is less than the value of
(.95, 1), that is, 3.84 indicated that there is no
serial correlation up to lag order one. In Punjab,
there was a lag of twelve years (Table 9). The

Table 2: Lag effects of public investment in irri-
gation on food grain productivity in Andhra
Pradesh, PDL (m=6, p=2) model

 Lag    
ii

      t     wi   Cumulative

X 
t

0.13  1.77* 5.26 5.26
X 

t-1
0.19 7.57* 7.69 12.96

X 
t-2

0.41 5.56* 16.6 29.55
X 

t-3
0.53 5.24* 21.46 51.01

X 
t-4

0.54 5.21* 21.86 72.87
X 

t-5
0.44 4.59* 17.81 90.69

X 
t-6

0.23 1.96* 9.31 100
Sum of  â’s 2.21 5.13*

R square 0.89
DW stat 2.14
LM Test 1.97

Table 3: Lag effects of public investment in irri-
gation on food grain productivity in Assam  PDL,
(m=12, p=2) model

 Lag  
i

      t     wi   Cumulative

X 
t

0.19 2.27* 9.2 9.2
X 

t-1
0.14 2.67* 7.01 16.21

X 
t-2

0.11 3.26* 5.35 21.56
X 

t-3
0.09 3.22* 4.22 25.78

X 
t-4

0.07 2.44* 3.62 29.4
X 

t-5
0.07 2.07* 3.54 32.95

X 
t-6

0.08 2.25* 4 36.95
X 

t-7
0.1 3.06* 4.98 41.92

X 
t-8

0.13 5.01* 6.49 48.41
X 

t-9
0.18 8.45* 8.52 56.93

X 
t-10

0.23 7.98* 11.09 68.02
X 

t-11
0.29 5.71* 14.18 82.2

X 
t-12

0.37 4.45* 17.8 100
Sum of â’s 2.06 7.22*   
R square 0.83  
DW stat  2.02
LM Test  0.04
*indicates significant at 1 %:* indicates significant at 5%

Table 4: Lag effects of public investment in irri-
gation on food grain productivity in Gujarat, PDL
(m=9,p=2) model

Lag    
ii

      t     wi   Cumulative

X 
t

0.06 1.31* 13.14 13.14
X 

t-1
0.04 1.34* 9.72 22.86

X 
t-2

0.03 1.33* 7.32 30.19
X 

t-3
0.03 1.90* 5.95 36.14

X 
t-4

0.02 1.84* 5.59 41.72
X 

t-5
0.03 1.98* 6.25 47.97

X 
t-6

0.03 1.21* 7.93 55.91
X 

t-7
0.05 1.27* 10.64 66.54

X 
t-8

0.06 1.35* 14.36 80.9
X 

t-9
0.08 1.03* 19.1 100

Sum of â’s 0.42 3.70*   
R square       0.59
DW stat   2.11
LM Test 0.11

*indicates significant at 1 %:* indicates significant at
5%

Table 5: Lag effects of public investment in irri-
gation on food grain productivity in Karnataka,
PDL (m=6,p=2) model

Lag    
ii

      t     wi   Cumulative

X 
t

0.02 1.17* 3.62 3.62
X 

t-1
0.05 1.18* 9.8 13.42

X 
t-2

0.1 1.79* 18.54 31.96
X 

t-3
0.12 1.53* 22.61 54.57

X 
t-4

0.11 1.46* 21.99 76.5
X 

t-5
0.09 1.31* 16.7 93.26

X 
t-6

0.03 1.42* 6.74 100
Sum of â’s 0.51 2.70*   
R square 0.61
DW stat  2.08
LM Test  2.67

*indicates significant at 1 %:* indicates significant at
5%
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analysis shows that in the effect of public ex-
penditure on food grain productivity was slow
but incremental. The probable reason for slow
effect may be a good private investment in irri-
gation in the state. The value of R2 was 79 per-
cent.  DW was 2.23 and LM test value was 0.70.
In Rajasthan, a lag of 7 years was observed (Ta-
ble 10). The value of R2 was 67 percent.  DW was
2.19 and LM test value was 0.24 indicates that
there is no serial correlation up to lag order one.

CONCLUSION

The analysis showed that disparity among
the states on the basis of expenditure on per
hectare of gross cropped area in each state was

Table 6: Lag effects of public investment in irri-
gation on food grain productivity in Kerala, PDL
(m=11,p=2) model

Lag    
ii

      t     wi   Cumulative

X 
t

0.05 2.25* 8.88 8.88
X 

t-1
0.03 2.56* 6.88 15.76

X 
t-2

0.03 2.71* 5.46 21.22
X 

t-3
0.02 2.39* 4.6 25.82

X 
t-4

0.02 2.07* 4.31 30.13
X 

t-5
0 2.08* 4.59 34.72

X 
t-6

0.03 2.50* 5.44 40.15
X 

t-7
0.03 3.38* 6.86 47.01

X 
t-8

0.04 4.51* 8.84 55.85
X 

t-9
0.06 4.93* 11.4 67.25

X 
t-10

0.07 4.43* 14.52 81.78
X 

t-11
0.09 3.82* 18.22 100

Sum of â’s 0.51 10.08*   
R square 0.86
DW stat 1.8
LM Test  0.15

*indicates significant at 1 %:* indicates significant at
5%

Table 7: Lag effects of public investment in irri-
gation on food grain productivity in Maharash-
tra, PDL (m=7, p=2) model

Lag    
ii

      t     wi   Cumulative

X 
t

0.18 3.37* 19.59 19.59
X 

t-1
0.13 4.50* 14.76 34.35

X 
t-2

0.1 3.18* 11.33 45.68
X 

t-3
0.08 2.16* 9.31 54.99

X 
t-4

0.08 1.97* 8.68 63.67
X 

t-5
0.09 2.22* 9.46 73.13

X 
t-6

0.1 2.14* 11.64 84.77
X 

t-7
0.14 1.70* 15.22 100

Sum of â’s 0.9 3.66*   
R square  0.48
DW stat  2.19
LM Test  0.35
*indicates significant at 1 %:* indicates significant at
5%

Table 8: Lag effects of public investment in irri-
gation on food grain productivity in Orissa,  PDL
(m=6, p=2) model

Lag    
ii

      t     wi   Cumulative

X 
t

0.23 2* 12.37 12.37
X 

t-1
0.24 2.42* 13.32 25.69

X 
t-2

0.14 2.39* 7.88 33.57
X 

t-3
0.14 2.28* 7.5 41.08

X 
t-4

0.26 2.59* 14.47 55.54
X 

t-5
0.26 2.86* 14.27 69.81

X 
t-6

0.55 2.68* 30.19 100
Sum of â’s 1.83 3.09*  
R square  0.48  
DW stat  2.12
LM Test  0.28
*indicates significant at 1 %:* indicates significant at 5%

Table 10: Lag effects of public investment in
irrigation on food grain productivity in Rajasthan,
PDL (m=7, p=1) model

Lag    
ii

      t     wi   Cumulative

X 
t

0.5 3.07* 13.83 13.83
X 

t-1
0.49 4.05* 13.45 27.27

X 
t-2

0.48 5.61* 13.07 40.34
X 

t-3
0.46 6.84* 12.69 53.03

X 
t-4

0.45 5.45* 12.31 65.34
X 

t-5
0.43 3.70* 11.93 77.28

X 
t-6

0.42 2.63* 11.55 88.83
X 

t-7
0.41  .98* 11.17 100

Sum of â’s 3.64 6.39   
R square   0.67
DW stat  2.19
LM Test  0.24
*indicates significant at 1 %:* indicates significant at 5%

Table 9: Lag effects of public investment in irri-
gation on food grain productivity in Punjab, PDL
(m=12, p=3) model

Lag    
ii

      t     wi   Cumulative

X 
t

0.34  .79* 7.5 7.5
X 

t-1
0.31 3.00* 6.74 14.25

X 
t-2

0.27 2.84* 5.91 20.16
X 

t-3
0.23 2.43* 5.11 25.28

X 
t-4

0.2 2.46* 4.48 29.76
X 

t-5
0.19 2.61* 4.12 33.88

X 
t-6

0.19 2.24* 4.14 38.03
X 

t-7
0.21 1.95* 4.68 42.71

X 
t-8

0.27 2.15* 5.83 48.54
X 

t-9
0.35 3.08* 7.73 56.28

X 
t-10

0.48 5.11* 10.48 66.76
X 

t-11
0.65 4.09* 14.21 80.97

X 
t-12

0.87 2.51* 19.02 100
Sum of â’s 4.6 6.68*   
R square  0.79
DW stat  2.23
LM Test  0.7
*indicates significant at 1 %:* indicates significant at 5%
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marginally increased over plan periods. The re-
sults obtained from PDL model showed that in
Andhra Pradesh, Karnataka and Orissa, a lag of
six years in attaining the 100 percent effect of
public expenditure (in major and medium irriga-
tion) on food grain productivity. While in Gujar-
at, a lag of 9 year years was observed for realis-
ing the full effects of public expenditure on food
grain productivity.  In Kerala, a lag of 11 years
was observed, while in Maharashtra, Punjab and
Rajasthan, the lag of twelve and 7 years was
observed. In West Bengal and Assam a lag of
twelve year was observed for realizing the 100
percent effect of public expenditure on food grain
productivity.

RECOMMENDATIONS

The findings of the study recommended that
the emphasis must be laid on early completion
of major and medium irrigation projects in the
states where the lag is higher as major and medi-
um irrigation project is an infrastructural devel-
opment activity which has long-term effect. In
states where lag period is large, private invest-
ment on minor irrigation should be encouraged
which has direct and immediate positive impact.
It is also recommended that cultivators should
be encouraged to install micro-irrigation system
which is quite effective and resource saving
method of irrigation and government also pro-
viding subsidy on installation of micro-irriga-
tion system.
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