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2
ocbhﬁmy into the ﬁational market of a developing economy (supplqmented by appropriate
taxation pg}iciéél and Veiféré'schemeez to counteract the ”Urbin Bias"> ) could
1ift ;rédﬁcti§ity of all participants in this intcgrated system so that all would be
bettar off, without neccssarilf depleting rcsources more thah before. The mechanism
.tht brings about the-productivity increasc is based upon the well-known principle of
comparative advantage and specialization. ' . -

This paper reports on rescarch underway at ICRISAT. Thé aim 1s tdhfiii a gap
in the existing body on agricultural market research, and to brdvide quéﬁfitative
meagsurements of the impact of ‘agricultural marketing on aggregate productivity from
which estimates of the return to investments into agrituitufal ﬁatkets'can be dérived.
At this stage questions of equity im regionallan& personal income distribution are
_givepnsecondaxy~attentian in the discussion of the 1mp11batidﬁé of iesuits in of&et to
focus on the issue of potential productivity increase due”td market 1ntégtation'6f

agriculture.

‘!:_ _MARKET RESEARCH AT PRESENT
| Researchers working on problems of :dgricultural narketing ih'rncent'yearﬁ
geperally belong'to one or amother of the following schools: |
1 - the traditional approach of descriﬁing the links betweén ptéducers and consu-
| mers; and of evaluating market cost and pricing efficiéncies; Bréiﬁyéiﬁ

calls it the "what happens’ - school.’

_, the neo-¢lassical approach of stressing the dual role of mazkéﬁé in
" allocating resources by coordinating cconomic activitich. Markets are
1° "'Lakhdawala (18) | e :
2 -~  a.g.Public Distribution Systems as proposed by prescent Ministry of Commerce
, . .. of the Government of India. . S . .
3. Liptom (19)
4 Breimyex (4) I R
5 This school of thought compriscs a wide area of resédrch, including..

studies cn marketsble surplus, price rcsponse studies and consumer ..
preforence analyses, as well as descriptions of market channels and
their evaluation against models of perfect competition or the .=
structure - conduct-and performance-concept. '
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evaluated according to their performance of this role.}

3- -~ the equity-oriented approach by those who feel that neither one of the above
. approaches is sufficiently concerned with equity, income disttibutiod, :and
risk bearing among market 'participants.-z-'

4 =~ the systems approach, a derivate of the above three schools; f.ollowérs of ,
this school have a strong concern for equity or énvironmental aspecto ‘buf; at
the.same time they are accepting the role of the market as a cobrdinat‘b't of
economic activities. However, despite 1its attempt of a fully mfehenéive
approach, this school fails to integrate one very esaentiél hspect of ajr:l-
culttlxral marketing into the system; i.e., the role of efficient vmadutce'
allocation and spatial distribution of production syste“.3
This failure of the systems school is not incidental, but :lt.mflacts the

genersl situation in agricultural market research. The mpéct of agricultural

. markets on aggregate productivity has not received thc attention it requires,
4 - '

especially when considering agriculture in deireloping countries.

1 This school has a long tradition of quantitative analysis. dating back to
- H.von Thunen, A.Weber and A.Losch. However, recent analytical marketing

research along these lines focusses primarily on international trade and -
world markets; e.g.Reutlinger (27), Adams and Behrman (1), Takayama (37).
In atudics involving national markets and trade within a national economy,
the allocation of facilities such as for storage or processing or the
‘analysis of intertregional trade flows have received wide attentiom.
~ (e«g.Reddy et al (26), von Oppen and Scott (41) and literature cited there).
At the same time the allocation of cropping patterns and its impact upon
aggragate productivity in relation to market constraints hes been studied
only by a very few (e.g.Sherbiny and Zaki (32), Shankayan amd Sidhu(29),
vor“Oppen (40)) .

| 2 N " This d#chool of thought comprises the 14 terature on cooperatives, as wall as
' on horizontal and vertical integration or contract farming.
3 It was the-lack of understanding of this role of the marketing system that

prompted the summary statement of an FAO-OECD sponsored conference to express
the "need for more applied research on agricultural and food marketing deve-
lopment with 'the objéctive of coming to a more coincise concaept of the role
of. the merketing systen in aeconomic and rural dewelopment' (6). p.64.

4 l;A!,i?égqn'tl,répdfq';‘bq;,qéfkgg': imposed problems in countries of the Sahel whick con-
tains a very comprehensive.annotated bibliography mentions nowheré the rela-
tionship between markets and aggregate productivity (39).

1
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A lylteutié classification of the ‘literatuie on.agricultural marketing
.publishad over the last decade would reveal a general neglect of such essential )
‘aspects .as regional allocaticn of cropping pattemns and interregional trade ir view
of the principle ci comparative advantage.l' The reason for the'lack of attention
paid to these aspects in the rast may be many fold: in devéloped economi¢s researchers
do not ragard -'thia aspect becausc generally agriculture has already reached such a
degree of commorcialization and of regional specialization that ‘substantial gains from
ghifts in:production patterns cannot be expected, In developing countries, agricultural
marketing researchers concern themselves primarily vith. issues such az equity of ‘:I.nc.ome
distribution among farmers, "middlemen“. end consumers; the difficulties bf small
fémere; and marketed surplus to:gupply urban consumers. In some inbtancés, the tools
and data required for this kind of rescarch are not easily availdble to imy résearchem,
even if they wanted to deal with the problem. |

However, the problem of assessing the market imposed constraints for dev‘eiopment
of a primarily subsistence-oriented agriculture in the semi-arid troi»:.l.cs requires
“urgent é'ttent:l.on.z In the following, an éttenmfrwill be made to make use of data
availd}ie :ltllllln.dia aid to apply e ;etﬁodoloéy. for mcasurement §f the effg{és of market

eff:l.c:lenéy on . aggregate produci:ivity.

1 Production economists occasionally mention specialization of farming systems
as a way to increase productivity; however, without quantifying end rigorously
. testing this hypothesis (see a.g.Ruthenberg (28), p.8). Earlier writers have
. shown that. rasource allocation in Indian agriculturc is efficient (Sahota (30)
end literature cited); but this was rather to prove that farmers are rational
decieion makers than to bring out potential gains from'intcrregional exchange
. and reallocation of cropping systems. .In a rccent paper Easter and Abel ¢))
point out the effect of roads on productivity in rice growing areas of India.
.D.Narain. (20}, p.22 has noted:thc needfor research into the effects of
spatial differences in prices on locational shifts in areas under differcat
o-. _ crop@e: . e T e , S
2. .The thaory of the “farm-household", which is based on simultaneous determi-
nation oy consumption and production choices (Singh and Squire (35)) epproachas
. thq sama problem, but with the aim of influencing household food consrmption '
#nd production; choices via exogencus chenges; thus it refers to short run

1

policies rather than planning long run changes. .

5
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2. RESEARCH TO ASSBSS IMPACT OF MARKETING SYSTEMS ON AGGREGATE PRODUCTIVITY

The follcving presents a néthedology for measurinp and dercnstrating
the impact of agticultural marketa on productivity. Two basic econometric tools
are inco:_:porated in this methodology: (1) activity analyeis and (2) rogression.
analysis. .
2.1.

ACTIVIT‘I “ANALYSIS OF PRODUCTION AND ‘RICING AT DIFFERENT LEVELS OF SUPPLY -
UI'DL'!‘ TREE AND RESTRICTED INTEP.REGIOI‘AL TRADE

2.1.1 The Model’

Effective competition among thc industries of tt;o ‘or mora regic'ns lte‘ads':to"
| regional specialization according to the principle of compu:ative advmtage and
renerates An increase in aggrcgate produetivity.
| Competition is made effective via interregional eié.;lange. Depending upon 'é:e .
quality of the market channels through' which the inte'rregional. trade is floving.
interreglonal competition may be more or less efficient. The quality of market
-‘chennels is primarily depandent upon physical facilitiea and on instituticnal
arrangemnts.ll | .

The cffect of changes in the quality of market chamneis on producﬁivity
varies with different levels of technological inputs. The mors advanced teclmoldgieo
terid to be applied in regions or localities where they are particulariy woll suited,
and thus widen the regional differences in productivity of a particulnr crop or

cropping system. Logicdlly, with a widening of ptoductivity differentials, mgional

T

Y _There are, of coucrsc, other factovs, such as literacy of the population,

~~ 7 ‘education ‘etc., which may have a considerable impact on the prevailing prac-
tices .such as weighment. acceptance of standardization, and which in-tum
influence the efficiency of the market chamncls of one country in coqmriaon
to another, but for an interregional analysis within any given ‘coumntry such
factors will be ignored for the time being. Also the entire complex of
interictions between agrarian structure (farm size distribution, caste
systens, etc.) and market systems.(see e.g. B.Harris (11)) will be taken
as a 3iven exogenous variable since the policy maker cannot do much to
brins about changoa. .
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differences in comparative. advantage will become mote promounced; consequently, any
defects in the market channels which restrict interfarm'md- interregional exchange
will become' nore coatlj in terms of forcgone aggregate productivity gains; the more
advanced ‘the available technologles are,. the higherz the potential lavel ’of

productivity is. Similar to long run adjustments, short run reallocations in -

.production sydtems,. according to annual: shiftg in price-coat relatitmahips, are more

effectively carried out and consequently result in higher aggregate production, thc
hizhor the allocative efficicncy of markets ia. |

. In order to demonstrate this impact of market channels on productivity,.
activity analysis model has been eet up to investigate comodity flows, pricing and
crop allocation at different productivity levela of three cropa in three region's.'
Tha model is based on data which renresent the following hypothetical case: In the
three Indian statea of Andhra Pradesh Madhya Pradeah and Mgharashtra, three crops,
namely, rioe , sorghum and chickpea are grown and all three crops compete for the same
resources, which are represented by land. ’lhe initial yield levels for each crop
are given in Table 1, together with the land available for growing all of ‘the three
crops in each state. | |

| Not only is yield per hectare restricting the supply but linked to the yield
is a price dependent linear aupply function. In other words, together with the
physical yield constraint a]so economic consideratims such as costs of production,

local markets, and trmsport facilities, etc., restrict the supply and enforce price

dependéncy of aupply of each crop 'in each State. The initial elasticities of supply

‘are derived from available estimatea md represent -actual couditions.2

1 " For mathamatical derivation of thia quadratic progranming model, sce

- Appendix ‘I, ' ' i
2 : - For rice, éstimates are available from a number of sources, but not for

sorghun and chickpea. Studies are underway at ICRISAT to estimate the supply
and demand elasticities for sorghum, millets, pigeonpeas f chickpeas,
_.gromdnuts, and other crops (see Bapna (3)).



Table 1: Assumed Yields and Land Availability

Seate Yields(kg/ha) Land Availeble
Rice Sorghum Chickpea (million he)

Andhra .

Pradesh 1563 455 375 5

Madhya '

Pradesh 820. 633 680 9

Meharashtra 1031 313 306 8
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'The model also includes demand as a linear function of price. Both demand
and aupply-elasticitiesl of price for the initial case A for all crops end states
are presentad in Table 2,

Trangportation costs betwéen'regiona correspond to official faii'freight
rates between centrally located places in each of the three states (see Table 3.

- Given this environment the quadratic'progtamming model allocates crop
production in each of the states so that producers' ﬁlus consumers' welfare minus
total costs for transportation be maximized.

This model is dcpicted in Figure 1 in the form of a back-tohbhcﬁraiégran'for
the simple case of one commodity and two regioms. Figure 1 shows for cdse A
(nitial condition of low yields and high' costs of production) that by exporting
the excess. supply Es: = SIX - DI* from Region I to Region II, ‘the equilibrium
nrices PI:< and PII: arc found so that the-differences between theae'pr1CQé just
. equals transportation cost. Note that the additional restriction imposed on yields
YI_ is operative tn Roglon I.' | |
Suppose now that the govercnents of the states decided to impose a trade
teétriction so that the quentity traded from Region I to Region II is allowed to
only be 10Z, or .l(zs:)-- EE;. Under this condition tﬁe'pricé difference betﬁeén
_ both.regions.(iig - Fiig) by far exceeds tramsportation Céstﬁ, end the total
quantity produced is reduced, 1.e.SEX + SII* > 53; + Eff;'(it tan be eésily“ﬂ
. verified from Figure 1 that SI* '-"'é'fa > "s'i'fal - SITH). It can be shown that this
is true for all combinations of clasticities of well-behaved demand and supply"

functions.’

1 From these clasticities, the cocfficients to be ontered into the model are
derived (sec Appendix II); the clasticities computed for the different
model results are presented in Appendix III.

2 Takayama and Judge (36), p.107 ff.
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Application of this model for the above desctibed thrée+iegion-thiee-crop
case, ylelds the results summarized in Table 4. SO s

‘The initial data set represents existing conditionef(1971h72)° 1:9., low
ylelds and high costs of production "before the introduction” of new technology"-1
The :lmposit:ion of the trade 'reetrictions under these conditions thanges production
~of the three food grains in all three states as follows: '
total output of rice remains almost unchanged (slightly increases!)
total output of sorghum decreascs by 5%, - v
total output of chickpea decreeses by 13%, and -
total output of all food, §rains together; decroases by 2%.

Suppose that ncw technologies ‘are found end adopted, for all thtee cropa
in. all ragions 8o that yields increase by 50 in the states which have highest yields
. snd by p:oportionately less in the states wita lower yieldsz . Further, all supply
functions shift alloging a productivity growth over initisl levels in the same way as
yields; at the same time, assume an increcase in demand in all regions for all crops
uniformally of 25%. |

This case of increased productivity by 50% and increased demand by 252 is
depicﬁéd as case B in Figure 1. It shows that the imposition of the trade restriction
reduces production comparatively more under this high-yield, low-cost-of-production

case B than the same restriction did in the earlier low-yicld, high~-cost-of-prodiiction

case A,
| Case B below will demonstrate the effect of the “new technology'.
2 The reason for this assumption of proportional: yield effocts 1s

given 1n Appendix IV.


http:decreases.by
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Table 2 : Auumedl price elasticities of demand and supply

Price alasticities

State Demand Supply

Rica Sorghum Chickpea Rice Sorghum Chickpea
Andhra Pradesh -0.50 ~1.19 -0.55 0.55 0.29 -
Madhya Pradesh -0.82 ~0.94 -0,44 0.24 0.30 0.32
Maharashtra -0.53 -0.78 -0.46 0.58 0.15 0.22

1 These elasticities were produced as a result of the initial model rum.
They differ somewhat from a set of initially assumed values (Appendix II).

Table 3 : Assumed Transportation rates batween states
(Rs/ton)
State .Andhra Pradesh Madhya Pradaesh Msharashtre
Andhra Pradesh 0 30 50
Madhya Pradesh 30 0 40
Maharashtra 50 - 40 0




'Discussion Papen'

~ AGRICULTURAL MARKETING AND AGGREGATE PRODUCTIVITY:
A DIMENSION TO BE ‘ADDED TO AGRICULTURAL MARKET RESEARCH.

M.von Oppenf

Anthropological research shows that in the. long history of man and during his
early cultures, mariket economies did not develop until ielativuly- laté. Polanyi
observes "if Babylon and Tyre were not,. as it now appeafa the ancient humes of the
price-making market, then the elements of that seminal institution must have come -
from the Hellenic sphere, sometime in the first millenium B.C. Sixth and fifth
century Greace was, therefore in essential respects, economically mcre naive than
even the extreme "primitivist" would have it, while in the fourth ceatury these very
Greeks initiated the gainful business practices that in much later dsys developed in,.
the dynamo of market competition".'l- To some it might secem that this "dynamo of
market competition' which 1is propeiling the westem econonlea‘ today, has led to a
development based on the global exploitation of limited resources md‘ur'itltmdl at
present, has dim prospects for its continuation much ltmgex'.2 Not only physical
resources atre diminishing rapidly but also human resources in terms of social value
systems and rcligious ties seem to decay under the impact of a commercialized |
materialistic life.”

Howaever, such pessimistic views on certain western ecouomies (wﬁether justified
or not remains yet to be scem) should ﬁo; directly mislead us to the conclusion that
deveioping comtries would be better off by keeping village econcmies in galf

sufficient mdependence".l' On the contrary, efficient integration of the rural

t The author gratefully acknowledges the comments and suggestions on an earlier
draft from Drs.B.Harris, J.G.Ryan and H.P.Binewanger. The data used were
largaly collected by Dr.S.L.Bapna. The computer work was carried out by
Mr.P.Parthasarathy Rao. ‘

Club of Rome etc.

Troamg (8)

Helerlt (14)

>N
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FIGURE 1: ONE-CROP-TWO REGIONS TRADE WITHOUT
AND WITH RESTRICTIONY IN TRADE

CASE A : INITIAL SITUATION
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Table 4: Optimal Allocation and Trade of Three Competing Crops among Three Regions

without and with Restrictionsl

in Trade

Cagse A: Low Yields and High Costs of Production

REGION ANDIRA PRADESH  MADHYA PRADESH  MAHARASHTRA _ ALL THREE RECIONS
Free Restr T'ree Restr Free Restr Free Restr
AREA (1000 ha)
Rice : 2665 2644 5305 5016 1144 1469 9114 9129
Sorghum 2335 2238 2350 2190 6513 6262 11198 10690
Chickpea -— 118 1345 1115 343 269 1688 1502
Total 5000 000 9000 48321 8000 8000 22000 21321
PRODUCTION (1000 t)
Rice 4164 4132 4349 4112 1179 1515 9712 9759
(100) (100)
Sorghum 1062 1017 1487 1386 2042 1960 4591 4363
(100) (95)
Chickpea - 44 915 758 105 82 1020 884
(100) (87)
- . 15301 16006
Total 5225 5193 6751 6256 3326 3557 (100) (98)
PRICE (Rs/Qtl) .,
Rice 114 105 115 76 119 200 1162 110¢
Sorghum 109 68 110 69 114 157 1122 1102
Chickpea 196 477 193 76 191 74 1942 1132
TRADE (1000 t)
Rice . + 186
- 1244 1430
- —+143 143
- -+ 375
[ 4 Y
Sorghum . - » 510 . 885
= - g6 A8
3304~ 4 :
D S S —— 4 386
Chickpea 10— 4
2= = 39

1

Total trade in each of the commodities restricted to 10%
under unrestricted conditions.,
2yeighted average price of quantities consumed.

of the quantities traded
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‘This cén be verified because SIg + SIIg > §'l’-.b + _S'ifb;‘ i.e., total quatitity
produced is reduced; moreover, comparison of the effects of trade restrictions in
the two cases A and B shows that production falls proportionately more under _
high-yield conditions.

It can be verified that:
SI# - ST, > SII} - SIT, and

PR L AL
. .b ’1; a f a

o . o
.., . In the more complex three-region-three-crop version; the‘model_'generatea
results as sumaarized in Teble. 5. In this caae~t!te'.1mpooi;ticn of tratie'-‘ “
restrictions causes:

total output of rice to decreaaa by 1Z,

total output of sorghum to decrease by 7%,

.total output of chickpea to decrease.by_ iaz, and

.total outpuc of all food, grains to docrea-e Ly ‘1-

. Comparison of the two ‘cascs shows the 1mpact of trade reatrict:l.ona. Under
conditions of low yielda and high production costs (case A) trade teatrict:lonn
have a masprable but c'aq:para,tively sm'all 1mpntt aggregate productivity of a11
food grains is decreaaed by only about 22. If, however, with populat:l.on growth,
demand funct:l.ona _are shifting to the right, end 1f at the same tim, new
tqchnologies are adopted which Increase yields and ahift eupply functions to the
t_ight {Cesu B), then regiemel specialization and interre~ienal a;:change in~

crcnoe, -and consequently aggreg-te production rises considerably.

f
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ﬁndor:lugh circqn-tageea a thttgggiqn of the interregional trade as described
abova docre«neo aggregate production of a11 food ‘grains by about 4%; 1.0.,
about tvice the percentase decreaae under the initial or low demand, traqitional
aupply conditiona. |

These cases demonstrate that under increased supply and demand conditiona
total aggregate production may be higher - even with rés;yicted tr§d§ ~ than
production under low-yield conditions with unrestricted trade. Thugs the techno-
logical advance assumed in shifting the aupply.géﬂatpgjnta in!c;sé ﬁkfhcreaaes
production over case A despite the restrictioné in ;¥a5e. However, fﬁe trade
restrictfons are more harmful under'the improved technology case B bedause they con-

siderably depress total production belgw the possitle level with unrestricted trade.

2.1.2 IMPLICATIONS

These results illustrate - to some cxtent - what might have been the effects
of the food policies pursued in India'over the past decade. In Pigure 2 the
attempt is made to summarize Indien"foqd pcliéies over the past two decades. Baséd
upon the statements on movement feattiécioné”and price policies published by the |
'‘Government df Iddialj'a'chart was ‘assembled which depicts over the years the
stitewlse ¢hanged in food grain movement res€rictions, together with figures of
thd All4Yndia production and procurement of food grains. ''this cHart shows that,

. after-a perfod of relatively free movements, fiom 1956 to 1958, private food :
grain trade in wheat aud.rice was allowed 6rly withir certdin zones constituted
by three or four neighbouring statesd;: while interzonal trade was restricted to

be the monopoly of a cdritral government 'agency - the Food Corporation of India

(FcI).

'y Government of India, (9) ard (10).



Table 5: Optimal Allocation and Trade of Three Competing Crops among Three Regions
without and with Restrictions! in Trade

Case B: Demand? and Supply? increased

REGION ANDHRA PRADESH __ MADHYA PRADESH  MAHARASHTRA _ALL THREE REGIONS
Free Restr Free Restr Free Restr Free " Restr
AREBA (1000 ha) _
Rice 2601 2474 5314 5030 1099 1449 9014 8953
Sorghum 2399 2381 2367 2055 6569 62898 11335 10734
Chickpea - 144 1273 1018 331 254 1604 1416
Total 5000 4999 8954 8103 7999 8001 21953 21103
PRODUCTION (1000 t)
Rice 6050 5754 5478 5186 1505 1985 13032 12925
. (100) - (99)
Sorghum 1481 1470 2254 1957 2566 2460 6301 5887
(100) (93)
Chickpea - 69 1299 1038 124 95 1423 1203
, (100) (85)
Total 7531 7293 9031 8181 4195 4540 20756 20014
(100) (96)
PRICES (Rs/Qtl)
Rice 100 78 101 75 105 193 102% g6"
Sorghum 96 48 97 49 101 156 994 96"
Chickpea 149 462 146 32 144 30 1474 764
TRADE (1000 t)
- — 769
Rice | — 1.3 1967
(= — 197 197
= —+ 505
Sorghun . - — 900 o a 1405‘ |
- - 99 141
490 +- 4
Chickpea 56 - <4 546
43 4 <4
11 + 4 54

17otal trade in each of the commbditiee restricted to 10%

under free conditions.

 2pemand increase of each crop: 25%.

3yields and Supply of each crop increase:
increases for other states are 50X adjuste

to highest yileld.

bNeighted average prices of quantities consumed. .

of the quantities traded

50% for the state with the highest yleld
d proportional to ratio of gtate's yleld

b



FIGURE : 2 ALL-INDIA PRODUCTION AND PRGCUREMENT OF FOODGRAINS AMD STATEWISE SUMMARY OF
FOODPOLICIES INVOLVING TRADE RESTRICTIONS FOR DIFFERENT FOODSRAINS
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Unfortunately, it is not known to which degree the FCI distribution systems
effectiualy reduced interregional.trade. These zonalireatrictiona; after a
temporary relaxation for wheat during the three years'(i96l'to 1963j, were
considerably tightened when in 1964-65, individual states became aeparate food
zonea, and when after 1966, in addition to wheat and rice in manv states, pulses,
coarse grains, and sometimes “all food graina"‘uere included under the movement
restrictions. These measures were intended to keep prices down in surplus states
and to generate larger quantities'for'procurement through the FCI; as the chart
shoua,'procuren;nt.quantitiea did indeed increaae. At the same time new techno~
'iogiea:werelintroduced which triggered the "green revolution" and aggregate
production went up despite sometimes very stringent. curbs on {nterstaté movement
of food grains. The statewise food zones continued (with a brief interval of
relaxations by gome states around 1969-70) until early 1977. 1Imn Fehruary, 1977,
the southern rice zone was reinstated and in Sectenber 1977, wheat trade was
'conpietely'decontrolled
. " These recently announced relaxationa of earlier trade raatrictiona - if
allowed to continue - will have the effect of increasing aggregate focd grain
production over and above what it would have been. This is eapecially_so as, in
most states, HYV's fertilizers and other new technologiea have only ju;t'hegun
' tp.be,adopted,,and this tends to widen the differences in comparative advantages
;vanong“regions (see Appendix IV). . As demonstrated in the model, this will induce
:,and/or}apeedrupftheiprocesa of regional reallocationh of crop production and
wil}llead,to changes in cropping patterns, including introduction‘of new crops.
'qﬁeferring . to the nodei results we can trace out aome of the associated

ve}fare 159 cte of liberalizingitha inter state food grain trade.

1, The’ veighted average pricas of the commodities are higher under free-trade

conditions. This implies that - ceteris paribus - free movement would

_,~2
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_shift_the‘éerms of trade in favor,of_agricultutel 3 the .more advar:ed the

agricul;nral.technology, the more favorable the terms of trade will become
(goppgre average prices in cascs A & B).

Prices in deficit regions will fall considerably (e.g.Maharashtra) while in
surplus regions prices will increase (e.g.Madhya ?rndesh).as~mqyemant
resirictions are relaxed.

For some regicns which have a comparative disadvantage in .the production'of
certain crops (e.g.Maharashtra for rice), the price decresse will cause a
cutback in production which may or may not be offset-by increages ‘in the
production of other crops, so that for an individual region, an overall
dectgase in food g;ain_ptoduction could be the result. A

In view of these considerations it .remains relevant for the regional :

policy maker to ask -whether.under free trade the gains in aggregate productivity -

as demonstrated above - are worth their political implication3.2~;'However, given

the methodology of quantifying these impacts under a set of assumed conditions, gome

of the gueaswork required eatliet3 is reduced6 so that for his choice among the

options, the decision maker can rely on some quantitative insight into the impacts

-of his decision.

v -

IR

‘An index based on the'bimple average of prices would have showm the opposite

(see Tyagi (38)),

For an excellent discussion of the issues involved gee e.g.R.Krishna (17).
For, instance when justifying zonal food policies, Dantwala said ""The economic

balance sheet of such disincentive in surplus states and incentives in deficit
states is. anybody's guess!. (Dantwala (5)).

It oust be emphasized that the above model results rest upon agsumptions, some

. of which may or may not be correct. For instance, the trade restrictions of

10X of optimal quantities traded are likely to be too strong; however, a more
realistic figure of perhaps. 20X to 30X would have indicated Just the same
tendencies; the overall loss in aggregate productivity would have besen

around 1.5% in case A and 3% in case B, still sizable quantities.



2,2 IMPACT OF MARKET PACILITIES ON AGGREGATE
PRODUST "VITY

The gbové activity analyliu_npdti inst remain an abstract approach as
.lotg as the datca and _assumptions incorporateﬂ have to be chosen on a wore or
less arbitraty bnsis. As soon as. elaaticity eatinates have been generated which
reliably reflect supply and demand conditions in individual atates, more firm
statements about normative aspects of'féoﬁ:grain polieias'can be nadt; For the

time beihg, the main use of'shth'modelslis didactic.’

2 2 1 The Bstimation Hodel |
In contrast to - this. the folloving approach measures the actual causal
;effeeta betwecn market facilitiea (uunber of . regul.eed markete and length of
jroads) togethet*with othet inputs and phyeical flctors, and aggregate agricul-
tural productivity. Data were collected on 20 diatricts of Andhra Pradesh over
7 yeara. A causal relationship between market facilities and_aggregite produc-
tivity is hypothcsized to exist if a lagged effect on productivit; o; market
' facilities can be shown to be significant and different'frol nonlagged data.
The ettination wodel was run using generalized least squares on cross-section-

time-series® of the following variables:

Age = £ 0Ky her B0y evar By o0 TRy or Flg o0 BTy, o
where APd ¢ Aggregsate productivity in terms of deflated nonetary value
of output in Rs/ha of cultivated grea, in dintrict d in
year t;
Nlh e ” Nusber of regui&ted markats por 100 kn2 of geo.raphical area
i in district d in year tte, where e is the lag which was varied
between +2, +1, 0, -1, ~2-and -3, (The higher the density of
markets, the higher -~ .at a decreasing rate - the aggregate
productivity; expected signs of the backward-lagged variables
positive in the linear term, and megstive in the squared term).
1 Barsh (2)

1,0
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RD a.tte Length of surfaced roads per 1,000 hz of geographical area
’ in district d in year t+¢, where ¢ is the lag which wvas .
varied between +2, +1, 0, -1, -2 and -3. (The higher the den-
sity of roads, the higher the aggregate productivity; expected
- 81gn of the backward-lagged variables positive). ..

'RR. . w ‘Annual rainfall in om in distriet d in year t. (With increasas
in annual rainfall, aggregate productivity should increase at
a decreasing rate; expected signs of a linear term positive and
of a squared term negative).

. IR = JIrrigated area in perceni of total cropped area in dﬁtrict d
in year t. (The higher the percentage of irrigation, the
higher the aggregate productivity; Aexp.ected sign positive).

n = Portilizer use in kg/ha of cultivated area in district d in

year t. (With increases in fertilizer use aggregate produc-
tivity should increase at a decreasing rate: axpected signs

of a linear-tarm positive and of a squared-term negative).

BY = Area under high ylelding varieties in percent of total cropped
area in district d in year t. (The higher the percantage of
high yielding varigties, tha higher aggregate productivity;
expected sign positive). ‘ ' ‘ ‘

2.2.2 BEapirical evidence for caml 1 effect of markets
on aggregate productivity '

Model appl_:lcation _,1“ 'functional forns as presented in Table 6 _g:l.vep esti~-
uied coefficients fér ii‘é different lags on market facilities. Equation (1)
measures the joint Macﬁ of the variables 'vith diffetenﬁ lags, in or.dar to estab-
lieh the direction of causality between marksts and aggresate productivity,’
- While the eo?e':ff:lcienit for markets in year*t'-l shows a significantly positive re-
lationship be.tvun markets and ‘aggregate éro;luct'ivity, the coefficients of mar-
ko_u with sero and posj.t;?q lags are insignificantly different from sero. Some~-
" what .lnt:xpcctodly, tho."_‘.equatim; lﬁWl markets in year t-3 to be nogé'tively re-
hud to productivity. "llm:uvar,,a negative coefficient for market densities
nvonl ymo ‘earlier is ‘quite plausible in view of the fact that market density
over tims changes in a cumulative way in the positive direction only. In other

1 sine (33)



Table 6 : Aggregate Productivityl as Function of

Market Facilities and Other Inmputs

Estimated Bquationsz
Variables Al
1 2 3

MK, -1233 (-2.1) 1019 (-2.9) -32 (-0.08)

2
o, _,) - - 96352 -(-1.3)
MK, , 436 (0.9) - -
ME, 761 (1.7) 793 (2.9) 1352 (2.4)

2 R .
ox,_,) - - ~31424 (~1.2)
MK, -607 (-1.4) - -
MK, 536 (0.8) - -
MR, 18 (0.03) - -
W, _, 12 (-0.5) - -
W, _, 29 (-1.1) -31 (=2.0) <34 (<2.0)
RDt_l “9 (-003) - —
B, 15 (0.4) - -

o, 27 (0.9) & (2.7) 49 (3.0)
. .035 (1.4) .048 (2.3) .047 (2.3)
(xmt)2 -.00002 (1.4) 4000025 (2.3) -.00003 (-2.3)
I, 39.4 (4.1) 62.1 (5.9) 47.5 (6.2)
rm, -.147 (-0.7) ~.192 (-1.2) ~.136 (~0.8)
(wt)2 .003 (1.2) .004 (1.9) .004 (1.5)
B, .068 (1.7) 042 (1.8) .029 (0.9)

iz .87 .87 .87

1 1n year t, from 1968-69 to 1971-72.

2 t-valuss in brackets.



worde, regulated markets are heing added but they.do not disapp"e'ar';1 Conse~
quently, in an estimation equation which includes all of the lagas simultaneously,
it is consistent that prior to those lags for which market density has a posi-
tive effect upon productivity, there must be some period for which a negative
relationship between markets and productivity exists; i.e. prior to adding new

"y, |ll

markets which causes productivity to rise, narket density has to be low and this
low density of the past period 1s associated with high productivity later.?
What remains surprising, however, is that this negative lag 1s found already in
year t-3, indicating a fairiy short gestation period of market regulation. and
ite almost imnsdiate impacc already after one year on productivity.

"‘While the density of regulated markets in year t-l has a consistently
significsnt causal relationsnip with productivity, the insignificant coeffi-
cients on road denaity show that there is no clearly measurable relationship
'between roads and productivity in this data get for Andhra Pradesh. Negative
signs for roads in the past and positive signs for roads in the future — even-
though they are insignificant — hint at a causal relationship of the opposite
' direction; i.e., present aggregate productivity might influance when and where
roads are to be built in future.

Among the renaining variables, the coefficients for irrigation and high
yielding varieties are positive and significant. Rainfall has the expected

signs, although these are insignificant. Fertilizer is insignificant.

1 At least not during the period of our observations.

2 Unfortunately the tine-aeriea on markets is too short to extent the 1agging
further. .

.p’b



The ~esults of the above estimation equation (1) for the given data
set alqu us to accept the hypothasis that there is a causal impact of markets
on productigity. Rowever, they lead us to reject the hypothesis of roada
:'hewing,a causal impact upon productivity; instead, it would appear as if

roads are being built following the incidence of productivity increases. -

2.2.3 !Qplicatione of the reeglg!_ |

. Given this reault it is intereeting to estimate in separate equatione
the coefficients for only those lage which wo'11d appear to be moRt relevant in
'determining the causal relationshipe more clearly. In other vorda, attention
is focussed on the impact of only two of the market lags and two of the road
lage which have the higheet t-values in equation (1). The reeulta are pre-
sented in equation (2), clearly showing that roads in year t-2 are negatively
" and in year t+2 poaitively related to aggregate productivity, uhile narkete in
‘year t-3 are negatively but in year t-1 positively related to aggregate produc-
tivity. The high eignificance of theee eatimatea confirme the earlier state-
' ment that markets have had a causal effect upon productivity while for roads
the cffect was rather of the opposite direction, i.e. roada have folloved vhen
and where production increaaed. | o

The linear relationship between markets in year t-1 and productivity

‘implies an indefinite inpact of nore'narkete leading to more production. How~
ever, logically it 1s nuat be expected that increases in market dennity can only
be beneficial upto some optinal point beyond which further markets would cause
production to decrease. In view of this expectation a squared term for the:

two market vatiablea was entered, 80 that the poaition of thia optinal point

ﬁ'could be determined. '

i
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1

The rélulto presented in equation (3) show that the coefficient gene~

rated for the squared term of the market variable in year t-~1 is negative (even

though it 1s significant only at the 25 percent level); it indicates that the

-increasing effect of density in regulated markets on productivity decreases as

density increases. Following a graphical presentation (see Fig.3), this effect

can ba interpreted that cetends panibus, an increase in market demsity from
say 11 to 12 markets per 10,000 kmz would increase aggregate productivity by
6.2 Rs/ha of cultivated area; this would amount to nearly 1X of the average

productivity in 1974 of 674 Rs/ha.

For the average district in Andhra Pradesh with 580,000 ha of culti-
vated area, the addition of one market per 10,000 km2 would cause an increase
of more than 3.5 million rupees 1n'annual aggregate productivity;2 The opti-
mum point of this curve lies at a market density of about 22 markets per

2

10,000 kn“, which is well above the existing market densities which averége at

11.5 markets per 10,000 kn® ranging between 3 and 23 in 1974 in Andhra
Pradesh.
3.  CONCLUSION

The effect which regulated markets have on aggregate productivity can

}be explained by the locational shifts in cropping patterns which they cause. The

1 The generalized least squares model separates the location and the time
effact coutained in the observatiohs. These are summarized in Appen-
dix V.

N !
2 The cost of cstablishing a regulated market yard is estimated to be about
2.0 million rupees.

"P/'
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principlé of cocparative advantage which was shown dboﬁe to cause agprregato food
grain production to increasc when interstate trade barriers ere ;emoved, operates
alsc at the local 1ev§1 when local trade barriers are removed. With the estab-
lishrnn; of repulated narkets, distance to the market is reduced: price infor-
matibﬁ is imprbved;‘and édmpetitich“ééoﬁp”tfédera is'sﬁreﬁgéhened. "In addifion,
there are seconAary effééts which are assnciated Qith;méfket dévelnpwenéé auch as,
casier access to inpdt@ (sceds, fertilizer, credit, extenéicn); and ind;éeﬁéﬁt
to become aware of compdrative advantares. Synthesis of the above results suppests
that the removal of 1nte;etate‘trade restrictions, =28 announced,in.1977, will not
show its impact before 1979 allowingAfor at least‘a dne te two”yearilﬁp fer re-
building private nerketing channels, for triggering reallccatién oflcrqpping
systoms, and fﬁr setting locational shifts intd motinn. Thé éézbning of'tﬁé food
fnrain trade - 1if impiémented and allewad tdicoﬁtinue wifhin‘ali:stafgs - can ﬁe
expected to produce measurable effecta on éggregate productivity from 1979 on~
wards. Given the persistently low level of cnmhercia1izat1on; cf Indian esri-
culture and the miniﬁal locational shifts in cropping patterns which have occurred
during the past decade according to Narain kZO), it would.net bec surprising if
quhaequaﬁtly the reallocation effects turned out to be quite substentisl. - Fur-
ther advance of new tochnologics from ongoing research in national and inter-
‘national,raaearch_organizationa would tend to enforce chis env1saged develop-
ment, |

| A number of questions emerge from this anal&ais.which:need to be ans-
wered by further research efforts: | A

(1)'ﬁhatAw111'ba the effect of adéitionél éomharcializ&tion
on soell farmers? , , C .

A study is underway in Mehbubnagar discrict which aims among other .

things at determining the impact of market: access on small .vs. large farmors. .

-

1 Estimated merket arrivals in percent of prnduction in 1674~75 are: wheat, 24%;
rice, 22%, sorghum, 11X; and chickpeas 28% (Governwent of India, (9) 1977,n.16).

91'
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Our hypothesis 1s thit lack of market access affect small farmers ‘more adversely
than it does large farmers (Pesneaud and von Oppen [21]).

(2) ‘W11l less restricted movement of food prains not ‘increase
regional inequalities and therefore make people in scme arcas worae off?

' The hypothesie would be that ptice policiea and urocurenant ayetemn
Hhich depteee agaregate ptoductivitv are ntnbebly expenaive ncasures for ttying
to rationalize repionnl incqualities (Hattia [121).
(3) Conoidering the postulated high payoff from 1nvestmcnte into
merkot facilities, is the existing aporoach of reculated marketing -
vhich dates back to racommendations macde by the Royal Commission

on Apriculture in 1928, still the beat approach, or should " ‘there
_be modifications?

It is possible that the exiacing lenislation for matket tegulation is
in the way of estaﬁliahinp additional markec yards, becauae A new na:ket atarts
A“gp a sﬁbyatd’ and the creation of a sdbyard 6epends upon the asreement of the '
market conmittee of the main yard who - it could be assumed - may be teluctant
to allow diversion of trade f}oqs from the main yard. Also, forcing ttauaactionl
chtaka ﬁ]acg only in nofif%ed ﬁatket yarde leads tb avppqcegttapicn 9: process-
1n8 ggpgcitiee in places whépe these night no; §;'pp§{ma1iy located fronm a_ngt-
ednindzing point of view. | o -

(4) Are the gains from 1mptoved narket fecilities so far ,V
demonstrated ‘for Aadhra Pradesh also to be had in other areas?

Indications are from an onpoing market survey in sémi-arid tropical India
thﬁt'probably Andhra’ Praddsh 1s one of the Beéc'deveIOped'otétel:éiffai"ydzmatket
l'infrastructute 13 concurned.‘ But data collecticn 1a underwqy to extend the abowve

analysis to other statee 1n India. {v. T. Raju (25)]

23
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(3) If restrictions om intcrstate movemcnis of food grains
have really affected aggregate agricultural production
in India, then this effect should be measurabla.

Similar to the approach applied on data for districts in Andhra Pre-
desli the analysis should be do_ue..on/the basis o,f_st'a_.tesgiqe datu oif ”Ai:‘l.‘-.l:ndia
by including a variable for masuring the severity of restrictioms. in food
grain movements by states, Data are presently being assembled to tast the

above hypothesis,

4. SUMMARY

Agricultural urket reaaarchars in the paet have not paid much atten-
tion to the impact which agricultural mrket:lng channela emrt on aggregate
.Iproductivity. Agricultural mrketing syetems which reduce or renove the con-
straint of satisfying home conamuption tequirements und thus induce regional
and personal specialization in crorping syatem; a‘ctording to the principle of
comparative advantage, causg aggregate productivity to increase. The poten-
tial to increcase aggregate productivity due to market exchange is -particularly
high in countries or rogions such as the semi-arid tropics which depend largély
upon subsistence agriculture.

A methodology to measure the market effect on productivity is proposed
involving (1) activity analysis with the help of an interregional trade model
end (2) regression analyeis measuring the causal effect which market facilitics
have on znggregate productivity. |

The interrogional trade model 1is applied for a three-region-three-

" crxop case. It demonstrates how trade restrictions depress aggregatekproducti-
vity the stronger, the more advanced agricultural technologies urg. Indien

food policies which were highly trade restrictive in the past are discussed in

view of this model reosult.

22
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. ~Analysis of ’diétrict' data for Andhre Pradesh shows a significant
cavsal effect éf regul_at_gd,@rkatp on aggregate productivity. 'A.lag‘of,;c'g‘xe
to two ye;rq betwee.n_ market rcgulation and productivity .:!;ncrgasg is found
tc.a, exist. | | :

Considering the fact that during 1977 iaterregional trade in food

grains has been liberalized in most states of India, it cen be expected that -

1€ this liberal food policy continues - its effect should manifest itself in
measyrable prodpctivity increases aftor a leg of one to two years.

Further research is required and imder wéy to astabligsh the effects
. of coomercialization on :I.a_Aaues such as effects on ,améll V8. large.-;farmera H
regicnal redistribution of gains; apbropﬁatenesé'.of legislat:uté on nmarket |

regulation; and other topics, .

- 10178
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Appendix I
'MATHEMATICAL FORMULATION OF A SPATIAL EQUILIBRIUM

CROP ALLOCATION MODEL!

(1) Notation

MW = net social welfa'ro‘ '
£§ . = intercept of the demand functinn of .
: commodity £ in region i -
Y{ =  quantity demnded of commodity f 1n mgion i
v: = glope coefficient of demnd for oemod.lty b 4
'- 1n region i:
kf - intereept of aupply fum.tion of cmmodity 4
T ' in regdom 4 ¢ - . , SN "
xf - uantity auppned of comodity f in region 1 3
'nvi- . = glope coafficient of supply funccion of
: commodity £ in region 1 :
t:j = transﬁortat:lbti cdot of chipping one m':‘l"t' of
- cotraodity £ from region 1 to regim j ;
| x:j =  quantity ahipped of comodity 4 from region 1
to J
I‘i =  lsnd availsble in. ragion i for cult.ivating
comoditiea 1 through h
r: - J.and tequirament (mverse of yield) of . comodity I

:lnmgioni-' ~

(2) Problen foraulation

RN

The objective il to maximize che fonowing nonunear function of

net social welfare, N e

STy

. RS S Y AT X S I S
A'., W ﬁz [L:Yt kw,_(’li) - kX - % v (X)) 't;fijl_.:

1. Por details om the mtbemtical packpromd of spatial equﬂibrhm nodel.s.
- see Takayama and Judgo, .1971. (36). '

3l
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subject to the following two ccnstraints:

(a) Commodity Flows:

vf s xf - oxf o+ oxf

i 1 13 411

(b) Land Availsbilley

ff
11

L, zz
1 ¢

If the Lagrangeen -form of this problen is written 'ou: and the appro-
priate Ktmn-'l‘ucker couditions are fotmlated. the folloving set of equations
evolves, which 19 1nterpreted as follon'

| a. Land availabl n_t_:z The anomt oﬁ land available in eaeh mgion is
restricted and the sums of total produet:lon of . eaeh -erop divided by yield -

for each region cannot exceed the amomt of land avail.able.

197N 1 1

vwhere ri = lend requirement :ln ba per ton

+ v ur sl ™ lend. -aveileble for'crop- production -4n ha.

:1x1+r2x2+...+r“xh s ' (1)

b. Commodity Flowe: The asmount of commodity £ consmed in reg:lcn 1 cannot

’
Loy
i 4 B

_exceed the quantitics produced minus outshipments plus :I.nshipmatl
£

Ry - §x11+§xu - o @

c. Demand functions: The consumer price l’y1 connodity f 1n region 1 1s ':’

equal to the quan:ity consumd Yf times a alope coefficient wf and a con-,

._‘_"9“_‘3...‘.“.'_"3}1- » | B -
.TI |‘~ - . : AR '.'-j\ 1 Voo Pt o
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d. Supply functions: 'l'ha producer pr:lce Pxi of comodicy f in region 1 is

equal to the quant:ity ptoduced Xttims a slove coefficient v: and a constant
term ‘.z: ninus the price of 1gnd Pii times the yicld inverse r:.

pef w1 4 o xf | R

Px, =k, + v, X, -, PO, , . _ ®)

It 48 interesting to note that the logic of the quadratic program
raquiréa the entering of the imputad shadow price of land times the yield.

inverse as an output price-deternining factor.

e. Transport Costs: The differenca between consumar price Py{ and producer

price Px§ of the same comodity in ano*her rogion §, has to ba less than or

cqual the cost: of t:ranaportiug commdity £ from region { to region j.

£ b4
_Pyi - ij s tij.
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. Appendix IT'

-

Derwat:lon of oupply and demd elut:l.citiea and other
_data used in the Crop Allocation Mndel ~ .

- -

1. Blasticities: Numerous estimates of étpply elasticities for diffcrent

crops in Tndla are gysilable.. ‘But,thess differ widely fot each ¢ crop depend-
t.ng upm the nodel end the specification. 1of the variabled’ uled. “We hava
chosen thou eotimtes which appear redscoable on ‘tHe basis of our knovhdge
of the situation 1n Indis. In contrapt to sstimates of supply olytTcities
“caly vety few eatimtes of demamnd elasticitice have been initiatect ‘end these
minly for rice md vheat. In addition, gore information on demsnd elasti-
cities could be drawn fron sorme estimates of price flexibiuty coeffi-
cients. '

After oxamdning the availsble estimates we have decided to base the
~ modaels on the coefficients as pmueﬁtod in Table I.

Teble I : Basic Elasticity Coefficients

Supply Flasticity Damand Elasticity

Crop Andhre DMadhya Maha- Andhra Madhya Maha-
Pradesh Pradesh rashtra Pradesh Pradesh rashtra

Rice 0.40 0.20 0.50 ~0.40 =0.60 -0.60
Sorghum 0.20 0.25 0.10 -0.50 -0.40 -0.30
) Ch,ickpea 1.00 0010 0010 "1000 —0.‘0 "‘0060

These coefficients were used to derive initial price floxibility
" coefficients and slopes and intercepts of the price equations in different

states.
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‘l'he Plutic:l.tien computed on the buu of t:he reeulto fron the model
m (oee Table II) mveal that in nost: caoes our initial est:lmates 11e oomo-

uhero between the reotr:l.ctod' and t‘\e unrootrict:ed' solutiono.

coad R L T - T

3

l2. Derivation of slopes and intercepts of demand and
supply functions: -

Asoume the following oupnly function
g e+ bR
' “where S is average production

& and b are regression coofficient; and

P is average price: ‘

This cen be written as

-bP ©» a - § or

By setting
%' k we define the pricc intarcept and by setting

%- v we define the slope coefficient of supply (See Appendix I)

Prom the availatle estimates of elasticities of supply and demand (es)
given above k and v were oﬁtained as follows: |

es = b'T , and thus

be eog- « Since

ve i as shown atove, therefore

b
P
ve =88 ° Since
k= -:- as shown above, therefore

ke r(o—l.-- 1).

33
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" The same pmecdun vas uud for doriv:l.ng thn htorcopt (t) and slope
coefﬁciant (v) of tho dmnd functiou. Data :ohtad to average prieu and
avoraga quanticieo ptoduced ware talwn from theJ Bulletin on Yood Scathtica.
Governnent of India. P:icu 'uud were 'hohulc pricu The hfomtion
regarding consumption per captba« in-different statas m takax’z.;fr?g. tha National
Sample Survey reporte. The N. 8. S. eatimten are generall;v owr—utiucn and
therefore, wherever estimates appeared abnormally high, the eocinnteo were ad-

Justed taking into account normal export: or import of the. ccmodity concerned.
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Appendix - III
Price Elasticities Derived irom Optimal Solutions.

| Becauag of the linearity of the demand andfaﬁﬁﬁly.function,

: ﬁtiga_alaaticitias change from one solution to che noxt aécbt&ing to

ca B0 : .
. changes in quantities and prices. The following Table 11 aummarizes the
price elasticities uhicb accompany the optimal solutions presented in the
text.

The linearity assumption is a serious .shortcoming of the. 934“3 .

AR B4

tial equilibtiun model based on aimple quadratic programning Work is‘ '

underway to overcome this. shortcoming eithet H |

) '

(1) by Ujiag an iterative procedute in which quadratic

| programaing is applied on sets of demand and supply
functions which aze definad as tangents to exponen-
tial functions and thus approxinate constant elasti-
cities' or

(2) by simply using restricted transportation problem

algorithn, with restrictions representing non-linear
pfice—quantity relationships. '



| Table II : Price eluti.ctc:lu of supply and demand accoq:anying tha

optimal solutions in Case A and B

~A.8

Case A Case B
' Demend Supply " Demand Supply
:'Unres~ - Bes~ ' -Unres~ Res- =~ Unves- Ras- Unres- Res-
t:rict- trict- trict- trict- trict- ‘ lttict- .t ct,-.‘ trict-
edl ed adl ed - edl - 'ed - ‘ad* ' ad
RICE
Andhra o G e T Sl .
Pradagh - 0.5 0,44 0.55 0,51 —OvdR <0.29, N 0.49 0.41
“Madhya o o o
Pradesh -0.82 -0.43 .0.24 0.17 -0.65 - -0.42  0.21 it 0.17
Mahareshtra -0.53 -1.42 . 0.58  0.75 -0.44 -1.30  0.53  0.74
SORGHUM |
Andhra L T T e . :
Pradqah -1.19 -0.51 0429 0.19 -0.93 . -0.32 - .0.25 -0.12 -
Madhya e e o - : S
?radenh -0.94 -0.44 " 0.30 0,20  =0.75 ~-0.28 0.27 0.15
Msbarashtva -0.78  -1.53° 0,15  0.22, ,-0.66 -1.50  0.14  0.22
GRAM
Andhra :
Ptade.h ‘-0055 ) ".6.23 ' - 3. 20 "o. 37 "'5003 - 2o52 .
Madhya , | '
Pradesh -0.44 -0.13 0.32 0.15 -0.30 . -0.05 0.26 0.07
Mahaxashtra -0.46 -0.13 0.22 0.11 -0.29 -0.05 0.17 0.05
1l Same as in Table 2 in the text, p.7-B.
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Appendix IV

Assumption of proportional adopﬂ,bn of new technologies
The autmptiou ie made on page 8 of this paper that the state-
.wide adoption of yieid-increuing tachnologies would bae such as to genarate
8 full.yield increase in the state with the highest yield. and proportionately
yield increases in tho other states. This asemﬁétim was formulated

on the basis of yi .d data for wheat.

Table III shows avﬁrhge yields for the perio:d of 1954-55 to 1958-59

for najor wheat producing states in India and the proportional yields of

- other states in comparison to Punjab, which had the highest yields. Aogum_-
ing a 1002'yield increasa in Punjab and ptoportionately lower yield in- '.

» creases in. the other states, ééfxerates eeti;:xatea vhich are appr.;éxiﬁately | “
- corzect, as a comparison shows betwcen actual average yields fof tlu; petiod'
1970-71 to 1974,75 end ostimated ylelds (ace Pigure 4), Chasiggs. in. other’
factors such as input: suppliee and marketing facilities (relative t» Punjab)

are responsible for the minor deviations, but these can be neglected for

the purpose of our study.
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Table III : VWheat

'

yields

Actual Y;eldl

States

1954-55 - 195859 1970-71 - 1974-75  Estimated’ Yields
kg/ha Propor- kg/ha Propor- kg/ha Propor- '
tion R + tion ' ' tion

Bihar - s62 0.5 1316 0.64 ° -8 0.42
Gujarat 654 "0.63 ‘ 1642 0.80 1066 0.52
Madhya Pradesh 572 0.5 790  0.38 892 0.43
Maharashtra 416 0.40 Y553 0,27 582 0.28
. Karnataka . . 234 0:22: - . 504  0.24 283 0.14
Punjab & Haryana - 1031 . . .1,00- - ... 2061 1,00 ' 2062 1.00
Rajesthen . 901, 0.88 1 1234 0,60 . 17 0.83
Uttar Pradesh 9. - 0.77 - 1186 0.58 1405 0.68

1 ' On thd basis of 100% jiold incraase in state with highest
yield_(Pugiab) and proportional increases in other states.
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Appendix V

. Time and Location Effects

The combination of time-series and cross-section data by
using the generalized least squares estimation approach generates mea-
surements of the effects of time and location. These are listed in

Table IV. They are interpreted in addiilon (or cubtraction) to the

intercept.
Table IV : Time and Location Effacts’
Effects Equation 1 . Bquation 2 . . Equation 3
YRARS Time Effects
1968-69 1,781 2,722 ‘ 2.747
1969-70 1.589 -0,2049 0.0530
1970-71 -2,032 -3,1817 : -3.378
1971-72 ~1.338 ~ 0.6642 0.6749
‘ l)Is'i'IuC'l.'s2 Location Effects
SRI -5.536 -4.483 -4,703
vis 4.973 4.710 5.683
EGO 4.169 5.959 4.195
WGO 4,891 -5.730 . : -5.247
KRI 2.591 . 2.935 : 2.491
QUN -2.056 -2.853 : 0.6473
HEL -2.252 -2,969 - =1,665
KUR -2,851 . -3,656 : -3.284
ANT 1.562 1.651 2.869
Cop 0.3586 ~0.5635 . ~0.0151
CHI - 12.364 12.477 11.43
HYD -0, 5444 «1.674 -1.521
- NZB 3.804 4.598 - 3.237
m 001“2 "0.1379 "1.‘06
.1 ] ~0.1036 0.3137 -0,2496
ne 6,454 - -6.024 o - =7.426
VAR -6.128 o «5.793 -6.541
| o 0.2139 0.5324 : 1.246
L« -] -1.762 -1.212 -2,033
ADB 2.457 1.920 2,296
Intercept «16.18 -20.69 -26,56

1 Eetimcted equations are given in Table 6.
2 Discrice names are abbreviated; for their location see Fig. 5.
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