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Abstract

In this paper we empirically investigate the role of inter-sectoral terms of trade in
determining the growth performance of agriculture in Gujarat and All India during the
period 1960-2011. Terms of trade reflects price signals and economic incentives for
producers and hence could be a determinant of supply response and growth
performance of agriculture and the whole economy. We identify structural breaks
endogenously in inter-sectoral terms of trade and analyse phase wise growth
performance in distinct periods in both Gujarat and all India. Empirical analysis supports
the hypothesis that favourable terms of trade for agriculture lead to a higher growth in
agriculture and the whole economy. The results show a strong evidence for positive
price elasticities of supply in agriculture and almost rules out the possibility of backward
bending supply curve. Favourable terms of trade for agriculture are an additional factor

for the high growth trajectory of Gujarat agriculture not emphasized in the literature.
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Inter-sectoral Terms of Trade and Aggregate Supply
Response in Gujarat and Indian Agriculture

| Introduction

In this paper we analyse the role of agricultueints of trade in leading
to a growth momentum in agriculture and the oveemlbnomy at a state and the
national level. It is a well-known fact that agriture over time at a state level
fluctuates more than at the national level. Deteanis of the agricultural output
at the national level are often considered in teahson-price factors with only
a few studies considering the price response oicafjural supply (Bapna, 1980;
Tyagi, 1987; Ghosh, 1988; Raghavan, 2004; AlagQ42Gand Deb, 2005). At
the state level, however, there are few effortscégt Singh, 1989) to estimate
supply response to the terms of trade for agricgeltuA probable reason for
ignoring price factors at the regional level maythe belief that prices may not
vary across regions within a nation. High fluctwat$s of regional agricultural
output could, therefore, be attributed only to tien-price factors. Variations in
the inter-sectoral terms of trade can, however,sbificantly different at a
regional and the national levels. Aggregate supmgponse of agriculture to

terms of trade may also vary across states.

We begin by comparing agricultural growth perforroann all India and
Gujarat state. We selected Gujarat for the follogvireasons: (i) It historically
experienced high fluctuations in agricultural outdeading to overall growth
fluctuations in the state; (ii) with economic oefs in 1991-92, it has been on
the forefront in the India’s growth story not onfgr the economy as whole but
also in agriculture (Dholakia, 2009); and (iii) agrltural growth in the state
during the last decade has been more than twiceoaspared to the national
figure. Recent studies (Gula#t al. 2009; Shahet al. 2010; and Dholakia &
Datta, 2010) have attempted to provide some expilans for this rapid growth
of agriculture in the state, but have not considepeice response of agricultural
supply. The terms of trade reflect the price incesd that producers in the
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respective sectors face determining their investisiensavings and

competitiveness.

The paper is organized in five sections. Sectiohrléfly discusses trends
of agricultural growth in Gujarat and the whole ioatal economy. Section IlI
conducts an empirical investigation to establishethler variations in the
regional and the national inter-sectoral termsratie are the same or different. It
then endogenously identifies breaks dates in thegloeerm trend of the inter-
sectoral terms of trade in both Gujarat and alliandSection IV estimates the
degree of price responsiveness of both the agucaltand total output at the
state and the national level. The last section sanses main findings with
concluding remarks.

I Trends of aggregate income in agricultural secto

State income (GSDP) originating in agriculture ubing animal
husbandry (Agri+AH) (henceforth agriculture) at fac cost is the most
comprehensive measure of economic activities in $keetor within the state
boundaries. It takes into account the estimatestaifl production of all
agricultural products & services net of all inputsed in their production in a
given year. The production and inputs are valuedath current and constant
base year prices to get respectively the nominal esal incomes over time.
Correspondingly, similar aggregates are taken &t nlational level. The back
series of aggregate incomes of all sectors arelavia from 1950-51 to 2010-11
at 2004-05 prices for the nation and from 1960-62010-11 for Gujarat. Graph
1 plots the annual growth of agriculture (includiAgl) of Gujarat and All India
agricultural GDP including allied activities at cstant prices for the period
1950-2011. (For basic data, see Appendix).

It can be seen from the graph that both the sesiesv fluctuations over
time, but the ones in the state is far more thathenation. Thus, agriculture as

|
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business in the state shows relatively high degrfeask and uncertainties than
in the nation. Agricultural income in the state helso been adversely affected
by several drought years when it has nosedived.th national level the

fluctuations are not so severe.

Graph 1: Annual growth rates of Agriculture (includ allied activities) of All
India (Al) and Gujarat (GJ), 1950-51 to 2010-112004-05 constant prices

Annual agricultral growth rates of All India and Gujarat
1951-52 to0 2011-12, 2004-05 Constant price series Gr. Al Agri

180.00
170.00 Gr. GJ Agri
160.00
150.00
140.00
130.00
120.00
110.00
100.00
90.00
80.00 3
70.00
60.00
50.00 .
40.00 A
30.00 A )
20.00 7\ | A
10,00 I\ \ \/ /
0.00 — A T .\ —rT
1000 % v & & = ® ® — I\G\'Hvu'\ c\AmmIl\c‘Emml\c\H
220,00 2R 1 1n O O YD L l“'T°P°P°P'°9°?°'°‘°?°P.9C.’9<?H

(=] o < O [ee] (=) o < O @ (=] Nej o] o N < [o0) [} o < O [ee) (=) N < O oo} (=)
B I o o B - ==
-50.00
-60.00

The growth trends and fluctuations are more clearlyught out by taking
a decadal view of growth performance. Table 1 pdesgi the average annual
growth rate, coefficient of variation of annual grth rates and the decadal trend
rates for agriculture and GSDP at the state antbnal level during the past five
decades.

Table 1: Growth statistics for five decades of Gajaand All India
Agriculture and total Income (2004-05 constant grigeries)

Agriculture (including Animal Husbandry) \
Average Gr. rate Co?ff: Of Trend rate
Variation
Period . All . All Period , All
(years) Gujarat India Gujarat India | (years) Gujarat India

L —
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2001-02 2000-01
to 2010- 10.67 3.19 179.75 143.21o0 2010- | 8.00* 3.08*
11 11
1991-92 1990-91
to 2000- 3.25 2.84 928.3 | 145.330 2000- 2.43 3.17*
01 01
1981-82 1980-81
to 1990- 10.48 3.52 556.39| 154.880 1990- -0.53 3.12*
91 91
1971-72 1970-71
to 1980- 6.67 1.83 547.37| 475.200 1980- 3.62 1.81*
81 81
1961-62 1960-61
to 1970- 6.86 2.54 277.4| 283.19%0 1970- 2.29 2.01*
71 71

Gross State Domestic Product (GSDP) and All India GP

Average Gr. rate Coeff'. Of Trend rate
Variation

Period . All , All Period . All
(years) Gujarat India Gujarat India | (years) Gujarat India
2001-02 2000-01
to 2010- 10.34 7.64 27.35 24.08to 2010- | 10.44* | 7.91*
11 11

1991-92 1990-91
to 2000- 6.1 5.7 187.03| 34.59to 2000- | 7.07* 6.09*
01 01

1981-82 1980-81
to 1990- 5.75 5.4 258.64| 40.88t01990- | 4.55* 5.28*
91 91

1971-72 1970-71
to 1980- 4.23 3.16 381.42| 137.750 1980- | 4.47* 3.43*
81 81

1961-62 1960-61
to 1970- 5.13 3.75 177.41] 93.90to 1970- | 3.29* 3.48*
71 71

* indicates statistically significant at 1%. Sae: Department of Economics
and Statistics, Government of Gujarat and Econo8ucvey 2011-12,
Government of India, February 2012.

The table shows that the extent of fluctuations suead by coefficient of
variation was high and kept increasing during thetffour decades (1960-61 to
2000-01) in Gujarat agriculture. At the all Indiavkl, however, the extent of
variations has been lower and falling consisterier the last four decades
(1970-71 to 2010-11). Trend in fluctuations in thenual growth rates of total
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income is found very similar in the nation and tbete with the latter fast
closing in with the former. It implies that growth the total real income in the

state became relatively immune to fluctuations gnieultural growth.

The trend rate of growth obtained by fitting a |bigear time-trend on the
income series, shows that Gujarat did not expegeacstatistically significant
growth in agriculture except during the last decad2n the other hand,
agriculture in the nation grew at a statisticallgrsficant rate during all the past
decades. Comparison of the performance of agricaltincome during the last
decade between Gujarat and all India, however, atmeverses the story of the
earlier decades. The decade of 2001-11 shows tisé diatistically significant
growth performance of agriculture in the state. Hwerage growth rate is about
10.6% per annum and a statistically significantntregrowth rate of 8% was
registered in the state during this period compaieanly 3.1% in the nation.
This period also shows a considerable decline irowgh fluctuations.
Furthermore, the remarkable growth story in Gujaagticulture in the recent
decade is more or less intact even after two cam$ee droughts in the last two
years in the state. Given such substantially défergrowth paths of agricultural
income in the state and the nation, is it possibdelink and relate their
explanation in terms of price factors? Are the prfactors likely to be identical

for a state and the country? We explore these quesin the next section.

" Structural breaks in agricultural terms of trad e

Empirically, the inter-sectoral terms of trade (Tjoh a state economy is
best measured with the help of GSDP data by seabrsurrent and constant
prices. From this, the implicit GSDP deflators by sectar® computed which
show the relative prices that producers face irpeesive sectors. In analyzing
ToT, there are alternative price indices availaélehe national level, but GDP
deflators perform equally well (Raghavan, 2004). tAe state level, alternate
price indices are either not available or are rediable. Use of GSDP deflators
by sectors is, therefore, the only effective aladive to examine trends in inter-

|
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sectoral terms of trade at the state level. Itustomary to divide the economy
into agriculture (including animal husbandry) aing thon-agriculture sectors for
the purpose of examining inter-sectoral ToT betwdbBem over time. We,
therefore, compute the GSDP deflators and use tteearrive at the agriculture
vis-a-vis non-agricultural terms of trade, i.e. {Mana=[Deflator for

Agriculture/Deflator for Non-Agriculture]. Graph 2hows the inter-sectoral

terms of trade in Gujarat and All India over thespfive decades.

Graph 2: Inter-sectoral terms of trade for agricufe vis-a-vis non-
agriculture for All India (Al) and Gujarat (GJ)
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At the state level it can be observed from the a&bgvaph that the series
fluctuates considerably over time and shows a «iest rise in favor of
agriculture only after 2005-06 in the last deca@lghough the fluctuations at the
state level are more pronounced, the series forstate and the nation appear to
follow a similar pattern. However, it is imperatived investigate whether

structure and trend of relative prices follow a 8an pattern for the state as for

—
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the nation. To investigate this, we conduct an emapl test to determine whether
the terms of trade series are statistically theeséon the state and the nation.
Empirically this is done by regressing Gujarat Ta@§ the dependent
variable and All India ToT as the independent vhkaand then testing the
following hypotheses: Intercept (a)=0 and slopeffiorent (b)=1. Based on the
regression parameters, it implies that if the tvesiess were to be the same, it
would imply that (a)=0 and (b)=1. Alternatively, the disparity or structural
features of both series were different, we woulgext (a) to be different from 0
and (b) to be different from 1 statistically. Weadwate these hypotheses using
the data for the period 1960-61 to 2010-11 for @GafaroT and All-India ToT.

Table 2 reports the result.

Table 2: Test of similarity of Gujarat agriculturaérms of trade and All
India agricultural terms of trade. Estimated equaati
GJPa/Pna = a + b(AlPa/Pna)

Dep. Intercep | Coefficien| tvae | tvawe | R® F
Var t (a) t() | (a=0) | (b=1)
GJ.Pa/Pn ‘05%38 1.375 |, oo, | 3.376| 0.75 | 153.03
. *
a (.13 | SE (0111 % 7 7

SE is standard error; * indicates value significaat 1% level of significance.
No. of observations =51

It can be observed from Table 2 that both (a) abj dre statistically
significantly different from (0) and (1) respectlye This provides the empirical
evidence that trends of terms of trade at the meglidevel and national level are
not the same. Thus, the price factors operatinghat state level are different
from the ones at the national level. A substanyidlifferent growth performance
of agriculture at a state and the national leveisreover, indicates a possibility
of even the aggregate supply response both forcaljural and overall output
being different for the two spatial units.

|
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Theoretically, we expect a uni-directional relatsbip between inter-
sectoral ToT and overall growth of output as we#l growth of agricultural
output in the economy, because inter-sectoral Teindp the ratio of relative
prices faced by producers in the respective secteflects the incentives for
production and investment. Therefore, when the outigsponse or the growth
differs between a state and the nation, it couldbeause: 1. price factors differ;
2. price elasticity of supply differs; or 3. bothige factors and supply elasticity
differ. It is interesting to note that even if tbatput response or the growth does
not differ between a state and the nation, pricgdies and supply elasticity may
differ in an off-setting way. We may, therefore,tain direct evidence on output
response or growth with respect to the behaviorindér-sectoral ToT before
estimating price elasticity of supply for the stated the nation.

Following a descriptive view of growth trajectoriese conduct an
empirical exercise to investigate the points ofistural breaks in the time paths
of inter-sectoral terms of trade for the state #mel nation. Since the direction of
causation is already established through expeatatioom the theory, once the
distinct phases of inter-sectoral ToT are identfigrowth rates of agricultural
and overall output during the corresponding phasas be computed. This is
expected to provide direct evidence on broad assmai between the growth of
output and behaviour of inter-sectoral terms ofdgaoth at the state and the

national levels.

For endogenously identifying structural breaks inseries, the method
proposed by Bai-Perron (1998, 2003) and computalignoperationalized by
Zelileis et al (2005) and Wang (2006) is followedThe Bai-Perron method
explicitly allows for detecting multiple break datebut is sensitive to selection
of the length of segment (Dholakia & Sapre, 201dymputationally, Bai-Perron
this is achieved by varying the length of the segtm@) for the regression over
various partitions. Therefore, we iterate using taegth @) from h=6 to 9 and

consider the set which is invariant to the choi€éength of segment. In order to

|
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empirically investigate the role of agricultural Tave detect structural breaks
and subsequently fit a piecewise regression usheg lireak dates to identify
different turning points in the series. The brealtalis computed in the level of
ToT and subsequently, a trend equation with dumrfeedreak dates is fitted as

follows:

InY, = Bo + Pt + fo(t — t1)D1 + B3t — t3)D, + v (1)
whereD;=1 for t> t;*, D,=1 for t> t,* are two dummy variables argr andt,*
are estimated break date®Ve fit this type of equation for ToT after identifg
the break dates endogenously for both the state thednation. As discussed

earlier, the result of the endogenous is as foltows

1. Gujarat Terms of Trade series (with base at 2064

(a) Corresponding break date years in (m) regimes:

m=1 2002

m=2 1974 1992

m=3 1974 1990 2002

m=4 1967 1975 1990 2002

m=5 1967 1975 1986 1994 2002

(b) Criteria of BIC and RSS for corresponding regs:

m 0 1 2 3 4 5
RSS 1.0870 0.8851 0.7150 0.6335 0.6297 0.6252

BIC -43.6688 -46.2875 -49.3049 -4A81 -40.0591 -32.558

(c) Confidence interval for break dates
1 197219741981
2 198419921994

2. All India Terms of Trade series (with base a025)

Corresponding break date years in (m) regimes:
1995
1966 1995
1966 1974 1990
1966 1974 1990 2003
1966 1974 1989 1996 2003
1966 1974 1981 1989 1996 2003

333333%
nmnonnnnn=—

OO wWNBE

(b) Criteria of BIC and RSS for corresponding regsn

|
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m 0 1 2 3 4 5 6
RSS 0.4191 0.309 0.273 0.190 0.165 0.164 0.163
BIC -92.270 -99.905 -98.271 -108.767 -1k -100.704 -93.178

(©) Confidence interval for break dates
1 196519661972
2 197319741976
3 198619901991

The results show two breaks for Gujarat, viz. 1@ 1992, representing
the years of 1974-75 & 1992-93. Correspondingly Adr India, the break dates
are 1966-67, 1974-75 and 1990-91. The findingsdatk that the turning points
of ToT in Gujarat and all-India are similar but nioentical, except the one at
1974-75. Distinct phases of ToT in the state arelnihtion, therefore, largely but
not completely overlap. In Gujarat, three distipttases of long term behavior of
ToT appear, viz. (i) 1960-75, whem/PPya was almost constant; (ii) 1975-1991,
when the R/ Pya was declining; and (iii) 1991-2011, whena/FPya Was rising.
Given the two break dates for Gujarat, we fit acewise regression on ToT to
separate out the three phaseGraph 3 shows the three distinct phases of trend

of agricultural terms of trade in the state.

Graph 3: Piecewise regression for Inter-sectorainte of trade for agriculture vis-a-vis
non-agricultural sector in Gujarat 1960-61 to 2010- with base at 2004-05.

. . . In Gpa/Gpna
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In order to understand the underlying changes rmseof trade, we first

note from the decadal growth record that GSDP ina@it always registered a

O —
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positive and statistically significant annual gréemthroughout the period, while
agricultural sector did not show statistically sifggant trend growth rate during
the first four decades (Table 1 above). Evidenthg periods of low and high
growth, particularly for agriculture, coincide witthe fluctuations in the inter-
sectoral terms of trade in the state.

When we calculate the compound annual growth ra@AQR) of
agriculture and total GSDP for the three phase3®f, we find that during the
first phase of 1960-61 to 1974-75 when ToT was higHAuctuating, the
agricultural trend rate was 2.2% (statistically mbtferent from zero) while it
was around 3% for total GSDP. During the secondsphavhen ToT was
fluctuating but around a falling trend, the agricmbhl CAGR was 2% (again
statistically not significant) and 4.9% for totalSGP. However, during the third
phase when the agricultural terms of trade werer@larising, the agricultural
CAGR was statistically significant at 3.8% and GSbdyistered a CAGR of
7.60%, which later rose to 8.0% for agriculture abh@.4% for GSDP. It is
equally evident that prior to 1990-91, the termstr@fde were rising for the non-
agricultural sector and post 1990-91; the same vadedining. Thus, agriculture
was relatively losing before 1990-91 and was ecoigafty gaining after 1990-
91 in Gujarat. This change of regime seems to haperred a positive and
significant growth of agriculture in the state afte990-91, which is borne out in
table 1 above.

Similarly, at the national level we observe foustiiict phases of terms of
trade regimes, viz. 1950-51 to 1966-67, 1967-6818¥4-75 and 1975-76 to
1990-91 and the last phase 1991-92 to 2010-11. IGaplots the phase wise

trend of terms of trade for All India agriculture.

|
W.P. No. 2013-07-02 Page No. 13



IIMA e INDIA
I

Research and Publications

Graph 4: Piecewise regression for Inter-sectorainie of trade for agriculture
vis-a-vis non-agricultural sector for All India 19551 to 2010-11 at 2004-05 constant
prices

) . . InAIPa/Pna
All India Terms of Trade fitted with _p 4 ted InAIPA /Pna
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The pricewise regression shows similar trend bedvawt the all India
level, particularly in the last two phases whereTTwas fluctuating around a
falling trend during 1974- 1991 and then sharplginmg one in favor of
agriculture during the last two decades, 1991-2dring the last two distinct
phases of ToT movements at the national level, @GR for agricultural
income and total GDP for the nation are respecyivé.7% and 4.6% during
1975-76 to 1990-91; and 2.9% and 6.8% during 1921e92010-11.

v Terms of Trade and agricultural supply response

Direct evidence based on the association of thewtrorates of
agricultural output and total output during diffatephases of ToT indicates that
agricultural terms of trade have a significant begron agricultural growth
performance and on the overall economy. The evideiscsharper for the state
than for the nation. It is possible to argue thatr@mng favorable upward trend in
the terms of trade for agriculture (and hence uafable trend for non-

agriculture) would lead to agricultural growth, pperity and subsequently to a

O —
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higher growth trajectory for the state. This happelmecause, other things
remaining the same, when prices of agricultural purdities rise, farmers are
encouraged to supply more value by changing croppattern in favor of high
value crops, bring more area under cultivation,ré@ase cropping intensity,
increase investments in modern inputs and machjnexypand irrigation
facilities, or take more risks for better technofpognarketing, and storage among
others. However, given the movement of agricultyraces and output, this at
best suggests a lagged relationship between praoesagricultural supply and
thus forms the basis for an eventual increase iaralV agricultural supply and

hence overall state income.

On the other hand, if prices of non-agriculturalogucts were to fall
ceteris paribus,the total effect on the supply of non-agricultugaloducts is
likely to be on two counts: (i) the profitabilitgf the product may decline under
the assumption of closed economy with inelastic dedy and (ii) in an open
economy with vibrant export market, the value ofoguiction may increase
because, reduced prices point to competitive adgmtin the market. If the
demand for such products is elastic, the total @alill rise. Since at the state
level, GSDP is always measured at factor cost amdesponds to the income
originating within the geographical boundary of thgte, it invariably reflects
the supply and not the demand aspects. Similarlthatnational level, sectoral
GDP such as agricultural GDP and non-agriculturBlFGare also reported at the
factor cost based on income originating concept hadce represent the supply
side. We formulate two dynamic regression equatiotts estimate the
responsiveness of growth of agricultural GSDP aothlt GSDP to changes in
inter-sectoral ToT R,/Py,). Since a lagged response is theoretically expected

the following equations are postulated in doublg form:

() In(Agri.+ AH); = ay + a1 In(Py/Pya)e—1 + U (2)
(i) In(GSDP); = Bo+ B1In(Py/Pnade-1+ V (3)

|
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whereu andv are random errors ang & [ are intercepts, aneh & 3; are price
elasticity parameters. The estimates of these eégustusing OLS regression for

the entire period are as follows:

Guijarat:
(1)  In(GJ.Agri.+ AH), = 9.68 + 0.46Tn(Ps/Pya)¢-1

P value: (0.393) R 0.015, n=50
(2)  In(GJ.GSDP), = 11.15 + 1.2In(P4/Pna) -1

P value: (0.173) R 0.038, n=50
All India:
(3)  In(Al.Agri.+ AH), = 12.75 + 2.1040(Ps /Py a) -1

P value: (0.001)* - 0.205, n=50

(4)  In(Al.GDP), = 13.95 + 3.9180(P,/Pxn4) -1

P value: (0.001)* = 0.223, n=50
Both the equations for Gujarat do not show a gowddr the 50 year period
perhaps on account of substantial changes in th&tioaship between these
variables over different phases. We re-computeetlasticity estimates as per the
phases of terms of trade by separating the yeans f1974-75 to 1992-93 and
1992-93 onwards. The estimated equation of agmealt output in Gujarat
during 1974-75 to 1992-93 is:

(5)  In(GJ Agri. + AH) = 9.58 8.755In(P,/Pya)—1
P value: (0.187) R?=0.100, n= 19

While for the period 1992-93 to 2010-11 the resislt
(6) In (GJ Agri. +AH) = 10.04 + 1.1 (P4 /Pya)-1
P value: (0.093)* R?=0.156, n= 19

Similarly, the re-estimated equations of total owtpGSDP) in Gujarat
for 1974-75 to 1992-93:

(7)  In(GJ GSDP) = 10.930 — 0.8%(P,/Py4)-1
P value: (0.12) R?=0.132, n= 19

While for the period 1992-93 to 2010-11 the resislt

(8) In (GJ GSDP) = 11.85 + 2.86P,/Pyna)-1
P value: (0.012)* R?=0.312, n= 19

|
W.P. No. 2013-07-02 Page No. 16



IIMA e INDIA Research and Publications

However, it may be argued that other than pricedes; adverse supply
shocks in agriculture may have a significant impaetoutput growth and prices.
The impact of shocks such as droughts would be msayeificant at the regional
level and may well explain a considerable variationagricultural growth. In
order to incorporate the impact of adverse supplycks, we construct a dummy
variable (D) for drought. The dummy takes value(dj for years of 1972-73,
1974-75, 1987-88, 2000-01 and 2005-06 for drougbarg in Gujarat and (0)
otherwise. We incorporate the dummy variable inhbagricultural output and
total output (or GSDP) equations and report theiltefor which the dummy was
found significant. The result where the dummy vhleawas significant was for
Gujarat agriculture for the period 1974-75 to 1988-

(9)  In(Agri. + AH) = 9.69 9.10In(P,/Pys)-1 — 0.772 D
P value: (0.75) (9.76E-06)* R?=0.744, n= 19

It can be seen from the above piece-wise regresssalts that during the
period 1974-93, the elasticity in both the cases wagative and not significant,
but during the latter period of 1992-2011, the &kasy in both the cases was
positive and significant. This indicates a sharmtcast in the two phases such
that the overall regressions for the whole 51 yeariod turned out to be
statistically irrelevant. Moreover, the second phasf 1992-2011 has the
expected sign of the elasticity estimate as conmgbdoethe earlier phase (1974-
93) which has an opposite sign though statisticallsignificant. Such a feature
requires some explanation. The reason for expedimpgsitive sign of the price
elasticity of aggregate supply is in terms of expaand competitiveness of non-
agricultural products in the market. During 1974-88wever, there were serious
restrictions on trade of even non-agricultural proid because of quantitative
restrictions and high tariff barriers. Moreover,rohg these years several prices
were also administered and controlled. As a restile underlying economic
logic of price incentives to producers in the seatmuld not fully work during

such period and would empirically lead to statiatig insignificant results.

|
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However, with economic policy reforms initiated dug the early 1990s,
several market distortions including the ones ipax markets were reasonably
corrected and the economic logic of price incemdiv&arted operating in a
holistic sense. As a result, the hypothesis of fabte terms of trade to
agriculture leading to growth of agriculture andnbe the total state income
appears to hold in Gujarat from the empirical evide. It also provides us the
estimates of aggregate price elasticity of suppy &gricultural output to be
+1.15 and for overall GSDP to be +2.46. These esti® suggest that the ToT as
a policy parameter has a definite role to promat@ngh of agriculture and total
income in the state; and the more favorable it as &griculture, the more
effective it would be. At the All India level, theorresponding results for the
same time period as of Gujarat for agriculture &1dP are as follows. It may be

noted that the drought dummy variable was foundgimidicant in all cases.

All India:
For the period 1974-75 to 1992-93 the result is:

(10) In (Al Agri. + AH) = 12.64 0.58In(Al Py/Pya)—1
P value: (0.355) R?=0.050, n= 19

While for the period 1992-93 to 2010-11 the resislt

(11) In (Al Agri. +AH) = 13.09 + 1.8&n(AIl Py/Pya)-1
P value: (0.003)* R? = 0.403, n= 19

Similarly, the re-estimated equations for All Ind@DP for the corresponding
period are; for the period 1974-75 to 1992-93 thsuit is:

(12) In (Al GDP) = 13.73 — 1.10h(AI Py/Py4)-1
P value: (0.26) R’= 0.07, n=19

While for the period 1992-93 to 2010-11 the resislt

(13) In (AIGDP) = 14.49 + 4.46(AI Py/Py4)_1
P value: (0.0035)* R?=0.402, n= 19

|
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The result shows a sharp contrast in comparisothéo51 year period where the
supply elasticity was positive and significant. Hower, when the period is
spliced in two different regimes of ToT, the restdt the country as a whole is
broadly similar to the one obtained for the staide first phase (1974-93)
supply elasticities are negative and statisticaihgignificant. However, the

second phase (1992-2011) elasticities are pos#ng statistically significant.

Our findings here corroborate those of past studikat estimated
aggregate supply response functions for the naftmndifferent time periods.
Alagh (2004) reported a positive lagged price etaist of agricultural supply of
+0.91 for the period 1950-1997. However, when Al48004) considered a break
date of 1980-81 on account of changes in economlcy without considering
their nature and re-computed the elasticities for two sub periods, they turned
out to be positive but statistically insignificardpdating the data, Alagh (2011)
obtained a positive and significant elasticity o83 for all India agriculture for
the period 1981-2004. Our results for the perio®3-2011 are similar in sign
but different in magnitude. Bapna (1980) arguedhwstrong evidence that
agricultural aggregate supply elasticity of prodant had been positive.
Although coefficients of price elasticity differetepending on the specification
of supply functions, they were found to be positivet low in magnitude. The
study argued that with a short series for estinratand given the nature of
traditional agriculture and adverse conditions, @ypelasticities of 0.24 would
be considered plausible. Higher and significantsetty values were found for
individual crops under varied agro-economic corahi. Our results for Gujarat
and all-India are directionally similar but higher magnitude during the post-

reform period.

Our results have some important lessons. First Igf r@&lative prices
revealed by the inter-sectoral terms of trade awé uniform across states and
they can be influenced by policies. Second, aggeegapply response to relative

prices also varies in magnitude across states.dTlaigriculture at a state level is

|
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likely to respond effectively to price policy théng augmenting the production if
a right set of price incentives are provided. Fhurthe inter-sectoral terms of
trade in favour of agriculture do not only increathe agricultural supply but
also enhances total income in the economy. Fiftle, ¢ffect on the total income

in the economy is likely to be much more (almosulbli@) than on agricultural

supply.

Finally, our results here also help us take a vaawthe debate regarding
backward bending supply curves in Indian agricidtuKothari (1998) showed
that a backward bending supply curve for the selisumed commodity would
arise only if the elasticity of substitution is nancally smaller than the income
elasticity of demand of that product making thecprielasticity of the self-
consumption positive. Dholakia (1999), however, destrated that even with a
positive price elasticity of self-consumption, ackeard bending supply curve
would not arise if the supply of the product is fstiently price elastic. Our
findings here show that price elasticity of agrtcwhl supply is likely to be
substantial and hence the possibility of backwaeshding supply curve in the

aggregate is rare.

\Y, Summary and Conclusion

We have investigated the role of agricultural terofigrade in leading to a
higher growth momentum in agriculture and the olleemonomy at a regional
and the national level. Inter-sectoral terms oflgare introduced to capture the
price incentives that producers face in agricultiaad non-agricultural sectors.
This has implications on the supply of agriculturahd total output and
investments in the economy. We have shown thatseshtrade (ToT) series at a
state and the national levels are statisticallyedédnt thereby making a case for a
separate analysis of ToT at the two levels. Theepagxamines the hypothesis
that favourable ToT for agriculture leads to higlggowth of agricultural output

and the total output in the economy.

|
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Break dates in ToT series are identified endogelyas the state and
national levels to get direct evidence on growthfpemance in distinct phases.
At the state level, the empirical findings showeardistinct phases of ToT for
Gujarat. Correspondingly, the All India series slsotkiree break dates and four
different regimes. Significant acceleration in @ugt agriculture and the overall
economy is associated with sharply rising ToT iadhar of agriculture — a factor
most studies have not considered while explainimg $uccess story of Gujarat
agriculture. Prior to 1992-93, the terms of traderevfalling for the agricultural
sector and post 1992-93, the same were rising. ,TAgsculture was relatively
losing before 1992-93 in the state and as ToT ckdnfgvorably, they spurred
significant growth of agriculture.

Supply elasticity of both agricultural and totaltput with respect to ToT
was also estimated for the state and the natione Phice elasticity of
agricultural supply and total output supply werespiwe and statistically
significant for the post-reform period, indicatinpe positive role of price
incentives in influencing agricultural supply. Thtise hypothesis of favorable
terms of trade of agriculture is empirically supgeal, both at the state and the

national level.

Several policy implications follow from our findisg Since relative
prices revealed by the inter-sectoral terms of érade not uniform across states,
they can be influenced by state policies. Aggregaipply response to relative
prices also varies in magnitude across states harefore states can follow the
price incentives best suited to their circumstan@sctoral price policies can be
an effective overall growth promoting policies ihet economy. Moreover, the
effect of relative prices on the total income iretaconomy is likely to be much
more (almost double) than on agricultural supphhug, they can be used to

promote employment and address poverty in the emgnd-inally, our findings

|
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on the price elasticity of agricultural supply segg that policy makers need not

worry about any possibility of a backward bendinggly curve in agriculture.

Notes:

1.

are:

The terms of trade series is arrived at bytfaalculating the deflators of
both series taking the base year as 2004-05 i.8afe for Agriculture =

[GSDP in Agrturrent pricdGSDP in Agrionstant prick and similarly for the

Non-Agriculture series. The terms of trade (Tgfk) is then given by
[Deflator for Agriculture / Deflator for Non-Agridture].

The methodology for estimating the trend breakgdogenously following
Bai-Perron (1998 and 2003) and Perron & Zhu (2005¢s a multiple
regression for estimating (m) parameters for (m+#dgimes. The break
points in the trend given by(tt,..... tn) are considered as unknown and
we have to fix their location and the number. Thingpiple is the same as
OLS to obtain (m) parameters by minimizing the desil sum of squares
(RSS) over each segment. The computations involaes in terms of
generating an RSS matrix for segments starting ladeovation j and
ending at j7 such that j < j. This is accomplishdsy a dynamic
programming algorithm. Out of RSS for each partifioninimum is taken
over all partitions. (See, Dholakia & Sapre, 20ldnd Gosh, 2010).
Computationally the method allows for a choice efdth of segment (h)
on which the regression would be estimated. Thas,5fl observations, a
value of h=6 allows a possibility of detecting up8& breaks in the series.

The break dates for Gujarat agricultural termhdrade with varying size
of the segment (h) are:

h=6 — 1974-75 and 1992-93

h=7 — 1974-75 and 1992-93

h=8 — 1974-75 and 1992-93

h=9 — 1974-75 and 1992-93

Correspondingly, for All India agricultural term$ vade, the break dates
h=6 — 1965-66, 1974-75, 1990-91 and 2004-05
h=7 — 1966-67, 1974-75, 1990-91

h=8 — 1995-96
h=9 — 1995-96

|
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4. The estimated equation for piecewise regresson

Gujarat:

In (GJ Pa/Pna = 0.051 — 0.0001t) — 0.0067 {-t;*)D;+ 0.00250 {-t,*)D,

P value: (0.984) (0.383) (0.000)
R?0.343, n=51

All India:

In (Al Pa/Png = -0.287+ 0.050t] — 0.0696 (-t;*)D;+ 0.0169 {-t,*)D

P value: (8.24E-10) (3.08E-08) (0.000)

+ 0.0126 {-t3*)D3

(7.25E-05)

R? 0.744, n=52

5. Empirically, the check for stationarity was ded out using the
Augmented Dickey Fuller (ADF) test for ToT, Agricute and GSDP
series. We find that all series have a unit rood ame stationary only in
first differences, i.e. I[1]. In estimating eladties using non-stationary
variables, dynamic models with lagged and diffeethovariables have
been discussed in Wickens and Breusch (1988) Banerjee et al. (1993).
They show that dynamic models can be estimated gu€dLS when
variables are non-stationary only if the variables/e the same order of
integration and that combination of such variabigd[0] or stationary.
Thus in this case, since all variables are intemgaif the same order 1[1]
the coefficients of the lagged variables in the a@ync equation can be
interpreted as elasticity estimates.

6. The dummy variable for controlling the effect aflverse supply shocks
such as drought in the state was created by idgngfyears 1972-73,
1974-75, 1987-88, 2000-01 and 2005-06 as droughtsyeThe years were
identified on basis of the long term average andia&n of rainfall in
India as published by the Indian Institute of Trogdi Metrology (IITM,
2010). The same dummy variable was incorporatebloithh the agriculture
and GSDP equation. The results are:

Guijarat Agriculture: 1992-93 to 2010-11
In (Agri. + AH) = 10.05 .14 In (R/ Pya) .1 —0.06 D
P value: (0.112) (0.744) R?>=0.162, n=19

Gujarat GSDP: 1974-75 to 1992-93
In (GSDP) = 10.97 — 0.58 In{PP\a)_1 —0.271 D
P value: (0.339) (0.237) R =0.207, n= 19

Gujarat GSDP: 1992-93 to 2010-11

In (GSDP) = 11.84 + 2.49 In{PPya) -1 —0.09 D
P value: (0.014)* (0.732) R*=0.317,n=19
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All India Agriculture: 1974-75 to 1992-93
In (AlAgri. +AH) = 12.66 — 3.77 In (AIPA/ PNA) —0.103 D
P value: (0.583) (0.449) R?=0.084, n=19

All India Agriculture: 1992-93 to 2010-11
In (AlAgri. +AH) = 13.07 + 1.92 In (AIPA/ PNA) + 0.079 D
P value: (0.003)* (0.414) R =0.428, n=19

All India GDP: 1974-75 to 1992-93
In (AIGDP) = 13.73 —0.96 In (AIPA/ PNA)—0.06 D
P value: (0.380) (0.748) R?=0.077, n= 19

All India GDP: 1992-93 to 2010-11
In (AIGDP) = 14.48 + 4.60 In (AIPA/ PNA)+ 0.188 D
P value: (0.004)* (0.419) R =0.427,n=19
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Figures of Agriculture (including allied activities) and GSDP in Gujarat, and All India Agriculture
and Gross Domestic Product at Factor Cost (GDPFC) 1960-61 to 2010-11 at 2004-05 base year

At Constant Prices (2004-05) Series Rs. Crd

At Current Prices (2004-05) Series Rs. Crore

Gujarat All India Gujarat All India
Agri.+ Non. Agri + Non. Agri.+ Non. . Non.
Year AH GSDP Agri AH GDP Agri AH GSDP Agri Agri.+AH GDP Agri
GSDP GDP GSDP GDP
1960-61 8069 23180 15111 | 195482 | 410279 214797 314 925 610 7256 17049 9793
61-62 9452 25757 16305 | 195647 | 423011 227364 367 1039 672 7516 17992 10476
62-63 8946 25528 16582 | 191755 | 431960 240205 355 1054 699 7674 19238 11564
63-64 9439 27143 17704 | 196241 | 453829 257588 385 1144 759 9031 21986 12955
64-65 10674 | 29739 19065 | 214343 | 488247 273904 520 1385 865 11034 25686 14652
65-66 8607 27226 18619 | 190675 | 470402 279727 487 1452 965 11004 26895 15891
66-67 8404 27758 19354 | 187962 | 475189 287227 604 1676 1072 12801 30613 17812
67-68 10544 | 30804 20260 | 215914 | 513860 297946 754 1980 1225 16019 35976 19957
68-69 8273 27910 19637 | 215572 | 527270 311698 632 1902 1269 16512 37938 21426
69-70 9887 31326 21439 | 229428 | 561630 332202 792 2232 1440 18059 41722 23663
70-71 13496 | 36925 23429 | 245699 | 589786 344087 1088 2736 1648 18620 44382 25762
71-72 14073 38090 24017 | 241087 | 595741 354654 1061 2807 1747 19021 47221 28200
72-73 7544 29427 21883 | 228988 | 593843 364855 771 2706 1935 20921 51943 31022
73-74 11246 | 36461 25215 | 245479 | 620872 375393 1490 3964 2474 27570 63658 36088
74-75 7401 30611 23210 | 241740 | 628079 386339 979 3863 2884 30204 74930 44726
75-76 13430 | 40464 27034 | 272899 | 684634 411735 1497 4660 3163 29937 79582 49645
76-77 13884 | 42908 29025 | 257131 | 693191 436060 1760 5393 3632 30585 85545 54960
77-78 14300 | 45688 31388 | 282937 | 744972 462035 1883 6044 4161 36212 97633 61421
78-79 14970 48693 33723 | 289452 | 785964 496512 1859 6444 4585 37217 104930 67713
79-80 14678 | 48855 34177 | 252475 | 745083 492608 2182 7392 5210 38501 114500 75999
80-81 15176 | 50025 34849 | 285015 | 798506 513491 2515 8746 6231 48426 136838 88412
81-82 18034 | 55235 37201 | 298130 | 843426 545296 3226 10876 7650 54583 160213 105630
82-83 15496 | 53951 38455 | 297293 | 868091 570798 3001 11676 8675 58849 178985 120136
83-84 18918 63545 44626 | 327382 | 936269 608887 4104 14930 10826 70228 209356 139128
84-85 19031 64090 45058 | 332571 | 973357 640786 4232 15698 11466 75731 235113 159382
85-86 14429 | 61460 47031 | 333616 | 1013866 | 680250 3307 16609 13302 81160 262717 181557
86-87 14430 64903 50473 | 332250 | 1057612 | 725362 3918 19181 15264 87111 292924 205813
87-88 7771 57363 49593 | 326975 | 1094992 | 768017 2894 19511 16617 96905 332068 235163
88-89 20716 | 81041 60325 | 378113 | 1206243 | 828130 6281 26432 20151 119678 396295 276617
89-90 18219 79864 61645 | 382609 | 1280228 | 897619 6329 29411 23082 132264 456540 324276
90-91 16974 | 80712 63738 | 397971 | 1347889 | 949918 6876 33192 26316 154350 531813 377463
91-92 13926 | 75110 61184 | 390201 | 1367171 | 976970 7140 36440 29300 180313 613528 433215
92-93 21111 96748 75637 | 416153 | 1440503 | 1024350 | 10061 47755 37694 202219 703723 501504
93-94 15934 | 93494 77560 | 429981 | 1522343 | 1092362 | 9943 53619 43676 234566 817961 583395
94-95 23004 | 110685 | 87681 | 450258 | 1619694 | 1169436 | 15331 | 69308 53977 270107 955385 685278
95-96 20051 [ 116161 | 96111 | 447127 | 1737740 | 1290613 | 13699 78036 64338 293701 1118586 | 824885
96-97 27410 | 133072 | 105661 | 491484 | 1876319 | 1384835 | 19628 | 93359 73731 353142 1301788 | 948646
97-98 24825 | 135726 | 110902 | 478933 | 1957031 | 1478098 | 19533 | 99249 79717 374744 1447613 | 1072869
98-99 26603 | 145392 | 118789 | 509203 | 2087827 | 1578624 | 22884 | 114596 | 91712 430384 1668739 | 1238355
99-00 18399 | 145905 | 127505 | 522795 | 2246276 | 1723481 | 16702 | 118110 | 101408 455302 1847273 | 1391971
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2000-01 16230 | 138775 | 122545 | 522755 | 2342774 | 1820019 | 15435 | 119523 | 104088 460608 1991982 | 1531374
2001-02 21721 | 150896 | 129175 | 554157 | 2472052 | 1917895 | 19045 | 133212 | 114167 498620 2167745 | 1669125
2002-03 19964 | 162796 | 142831 | 517559 | 2570690 | 2053131 | 18928 | 152316 | 133388 485080 2338200 | 1853120
2003-04 28834 | 187249 | 158414 | 564391 | 2777813 | 2213422 | 28882 | 181100 | 152218 544667 2622216 | 2077549
2004-05 26746 | 203373 | 176627 | 565426 | 2971464 | 2406038 | 26746 | 203373 | 176627 565426 2971464 | 2406038
2005-06 33982 | 233776 | 199794 | 594487 | 3253073 | 2658586 | 35323 | 244736 | 209413 637772 3390503 | 2752731
2006-07 33616 | 253393 | 219777 | 619190 | 3564364 | 2945174 | 42075 | 283693 | 241618 722984 3953276 | 3230292
2007-08 37155 | 281273 | 244118 | 655080 | 3896636 | 3241556 | 51077 | 329285 | 278208 836518 4582086 | 3745568
2008-09 33592 | 300847 | 267255 | 655689 | 4158676 | 3502987 | 50132 | 367745 | 317613 943204 5303567 | 4360363
2009-10(P) | 33677 | 331633 | 297956 | 662509 | 4507637 | 3845128 | 59180 | 429356 | 370176 1079365 | 6091485 | 5012120
2010-11(A) | 39277 | 370032 | 330755 | 709103 | 4885954 | 4176851 | 80611 | 514750 | 434139 1269888 | 7157412 | 5887524

Note: (P) stands for provisional; (A) stands for advanced estimate. Source
Statistics, Govt. of Gujarat, 2011 and Economic Survey, Govt. of India, 2012.
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