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economy into the national market of a developing economy (supplemented by appropriate 

taxation policies and
.2 

welfare schemes 
2 

to counteract the 'Urban Bias" 3 ) could 

lift productivity of all participants in this integrated system so that all would be 

better off, without necessarily depleting resources more than before. The mechanism 

that brings qbout the.productivity increase is based upotL the weil-known principle of 

comparative advantage and specialization.
 

The aim is to fill a gap
.This paper reports on research underway at ICRISAT. 


in the existing body on agricultural market research, and to provide quantitative
 

measurements of the impact of ragricultural marketing on aggregate productivity from
 

which estimates of the return to investments into agricultural markets can be derived.
 

At this stage questions of equity in regional and personal income distribution are
 

givc..secondary attention in the discussion of the implicatio'is of results in order to
 

focus on the issue of potential productivity increase due to market integration of
 

agriculture.
 

1. 	 MARKET RESEARCH AT PRESENT
 

Researchers working on problems of agricultural marketing in recent years 

generally belonp to one or another of the following schools: 

consu-
I -	 the trditional approach of describing the links between producers and 

4. 
mers; and of evaluating market cost and pricing efficiencies; Breimyer 

calls it the "what happens" - school. 

2,- the .neo-.qlassical approach of stressing the dual role of mazkets in 

allocating resources by coordinating economic actiVitiefS. Marketa are 

I' 	 Lakhdawala (18) 

-2 	 e;.Public Distribution Systems as proposed by present Ministry of Commerce 

of.the Government of India. 
.3. Lipton.(19) 
4 Bre1Iiprer (4) 
5 	 This school of thought comprises a wide area of 'rasegrh, including,..
 

studies on marketable surplus, price response studies and consmr..
 

preference analyses, as well as descriptions of market channels and
 

their evaluation against modela of perfect competition or the
 

structure - conduct-and performance-concept.
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evaluated according to their performance of this role. 1 

3 ,the equity-oriented approach by those who feel that neither one of the above 

approaches is sufficiently concerned with equity, income distribution, and 

risk bearing among market participants.-
2.2 

4 	 the systems approach, a derivate of the above three schools; followers of 

this school have a strong concern for equity or environmental aspects but at 

the.,sam time they are accepting the role of the market as a coordinator of 

economic activities. However, despite its attempt of a fully comprehensive 

approach, this school fails to integrate one very essential aspect of agri

cultural marketing into the system; i.e., the role of efficient resource 

allocation and spatial distribution of production systems. 3 

This failure of the systems school is not incidental, but it reflects the 

general situation in agricultural market research. The impact of agricultural 

markets on aggregate productivity has not received the attention it requires, 

especially when considering agriculture in developing countries. 

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.Reutl''nger (27), Adams and Behrman (1), Takaysma (37). 
In studies involving national markets and trade within a national economy, 
the 1location of facilities such as for storage or processing or the 
aualysis of inter*Tegional trade flows have received wide attention. 
(e.g.Reddy et aZ (26), von Oppen and Scott (41) and literature cited there).
At the saw time the allocation of cropping patterns and its impact upon 
aggregate productivity in relation to market constraints has been studied 
only by a very few (e.g.Sherbiny and Zaki (32), Shankayan and Sidhu(29),
voOppen (40)). 

2" This achool of thought comprises the literature on cooperatives, as well 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 Vith 'the obje'ctive of coming to a more coincise concept of the role 

p. 6 4 of. thle 	meirketing syst'en in' economic and rural development" (6)? . 

4 	 40recnt.,report q,,"irket.imposed problems'in countries of the Sahel which con
tains'a very"ccprehensive.annotated bibliography mntions .nowherb the rela
tionship between markets and aggregate productivity (39). 



4 

A systematic classification of the :literituie On. Agricihitural marketing 

published over the -last decade would reveal a general neglect of such essential 

aspects .m regional allocation of. cropping patterns and interregional trade in view 

of the 	principle cZ comparative advantage. The reason for the 'lack of attention 

paid to these aspects-in the rast may be many fold: in devdloped economies researchers 

do not 	ragard this aspect because generally agriculture has already reached such a 

degree 	of ,comrcialization and of regional specialization that 'substantial gains from 

shifts 	inproduction patterns cannot be expected. In developing countries, agricultural 

marketing researchers concern themselves primarily with issues such ae equity of income 

distribution among farmers, 'middleman", and consumers; the difficulties of small 

farmers; and marketed surplus to supply urban consumers. In some inhtances, the tools 

and data required for this kind of research are not easily available to mny researchers, 

even if they wanted to deal with the problem. 

However, the problem of assessing the market imposed constraints for development 

of a primarily subsistence-oriented agriculture in the semi-arid tropics requires' 

'urgent attention. 2 In the following, an attempt will be made to make use of data 

available in India and to apply a methodology for measurement of the effects of market 

efficieucy on. aggregate productivity. 

1 	 Production economists occasionally mention specialization of farming systems
 
as a.way to increase productivity; however, without quantifying and rigorously
 
testing this hypothesis (see e.g.Ruthenberg (28), p.8). Earlier writers have
 
shown that resource allocation in Indian agriculture is efficient (Sahota (30)
 

areand literature cited); but this was rather to prove that farmers rational 
decision makers than to bring out potential gains from intorregional exchange 
and reallocation of cropping systems.. In a recent paper Easter and Abel (7) 
point out the. effect of roads on productivity in rice groving areas of India. 

...DNarain.(20), p.22 has noted:theneed~for~research into the effects of 
spatial differences in prices-on locational shifts in areas under different 
erop@., 

2 .The theory of the "farm-household",-which is :based on 'siultaheoug determi
nation-oi consumption and-production choices (Singh and Squire (35)) approaches
 

. h same problem, but with the aim of influencing household food consrmption
 
run
Sna'productiont iVhoices .v.xeogenqus chanoes; thus it refers to short 

policies rather than planning lone run changes. 
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2. 	 RESEARCH TO ASSESS IMPACT OF MARKETING SYSTEM ON AGGREGATE PRODUCIVIT 

The folloving presents a ndthndolo.y for rmasurinp and deronstratinv 

the impact of agricultural markets on productivity. Two basic econometric tools 

are incorporated in this methodology: (1) activity analysis and (2) regression. 

analysis. 

2.1. 	 ACTIVITY ANALYSIS OF PRODUCTION AND .RICINGAT DIFFERENT LEVELS OF SUPPLY 

U1.IDL1, PflEE AND flIESTRI'rTED II=T-rXMEIO11AL Th4UDE 

2.1.1 	 The M6del 

Effective competition among the industries of two or more regions leads to 

regional'specialization according to the principle of compazative advantage and 

penerates' an Increase in agrepate productivity. 

Competition is made effective via interregional exchange. Depending upon the 

quality of the market channels through which the interregional trade is flowfng, 

interregional competition may be more or less efficient. The quality of market 

'channelsis primarily dependent upon physical facilities and on institutional
 

arrangements.l-

The effect of changes in the quality of market channels on productivity
 

varies with different levels of technological inputs. The moru advanced technologies
 

tend to be applied in regions or localities where'they are particularly w:?Il suited,
 

and thus'wAiei the regional differences in productivity of a particular crop or
 

cropping system. Logically, with a widening of productivity differentials, regional
 

11 	 There are, o course, other factors, such as literacy of the population, 
education etc., which may have a considerable impact on the prevailing prac
tiees nuch as weighment, acceptance of standardization, and which Inturn 
influence the ifficiency of the market channels of one country In comparison 

to another, but for an interregional analysis within any given country such 
factors will be Igno'red for the time bc.ng. Also the entire complex of 

interact'ions between agrarian structure (farm size distribution; caste 
systems, etc.) and market systems.(uee e.g. B.Harris (11)) will be taken 

"a'sgiven exogenous variable since the policy maker cannot do much to 
bring about changes. 
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diffarewnces in cooparative.advantage iill become .poepronounced; consequently, sny 

defects in th riarket channels which restrict interfarm and. interregional exchange 

will become mbre costly in terms of foregone aggregate productivity gains; the more
 

advinced the available technologies are, the higher . the potential level of 

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

production. systems,.. according to. annual: shifts in.price-cost reoationsh!s, are more 

effectively carried out and consequently result in higher aggregate production, the 

hi'har the allocative efficiency of markets is. 

In order to demonstrate this impact of market channels on productivity, an 

activity analysis model has been set up to investigate comnodity flows, pricing and 

crop allocation at different productivity levels of three crops in three regions. 

The model is based on data which'represent the following hypothetical case: In the 

three Indian states of Andhra Pradesh, Hadhya Pradesh, and Maharashtra, three crops; 

namely, rice, sorghum and chickpea are grown and all three crops compete for the same 

resources, which are represented by land. The 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 supply function. In other words, together with the 

physical yield constraint, also economic considerations such as costs of production, 

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

dependency of supply of each crop in each State. The initial elasticities of supply 

2 
are derived.from available estimates and represent-actual conditions.

1 	 For mathematical derivation,of this quadratic programming model, see 
Appendix:. • 

2 *For rice, 6stimates are available from a number of sources, but not for 
sorghum and chickpea. Studies are underway at ICRISAT to estimate the supply 
and demand elasticities for sorghum, millets, pigeonpeasi chickpeas, 
•groundnuts, and other crops (see Bapna (3)).
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Table 1: Assumed Yields and Land Availability 

Yields (kg/ha) Land Available 
State--------(ilobe


Rice Sorghum Chickpea ( llon ha) 

Andhra 1563 455 375
 
Prades 1
 

Hadhya 820 633 680 9
 
Pradesh
 

Maharashtra 1031 313 306 8
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The model also includes demand as a linear fumction of price. Both demand
 

and eupply elasticities I of price 'for the initial case A for all crops and states 

are presented in Table 2. 

Transportation costa between 'regions correspond to official rail freight 

rates between centrally located places in each of the three states (see'Table 3). 

Given this environment the quadratic programming model allocates crop
 

production in each of the states so that producers' plus consumers' welfare minus
 

total costs for transportation be maximized.
 

This model is depicted in Figure 1 in the f'jrm of a back-to-b~ck"di_ ran for 

the simple case of one commodity and two regions. Figure 1 shows for case A 

(initial condition of low yields and high"cbsts of prioduction) that by exporting 

to Region II, 'the equilibriumthe excess-supply ES* - SI* - DI* from Region I 
a a a 

oricas PI* and PI1* are fotmd so that the-differences between these prices just 
a a 

Note that the additional restriction imposed on yields
equals transportation cost. 

YI is operative in Region I.:a 

Suppose: now that the goverxnents of the states decided to impose a trade 

torestriction so that the quantity traded from Region I to Region I is'alioed 

only he 10%, or . I(ES*) - ESa. Under this condition the price difference between 
a a 

both regions (P1 - -ii) by far exceeds transportation costs, and' the total 
aa 

(itdan be easilyquahtity.produced is reduced, i.e.SI* + SIX* > SI + SI 
a a a a 

canbe shown that thisverified from Figure 1 that Sl*'- TI > SI - SI*). It 
a a a a 

is true for all combinations of elasticities of well-behaved demand and supply+ 

functions .2-

I. 	 From these elasticities, the coefficients to be entered into the model are
 

derived (see Appendix II); the elasticities computed for the different
 

model results are presented in Appendix II.
 
Takayama and Judge (36), p.107 ff.
 2 
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' Application.of this model for the above'described thr e.egion-thkee-crop
 

case, yields the results summarized in Table 4. ' .
 

.The Initial data set represents existing conditions.'(1971-72); i.e., low 

yields-'and high costs of production "before the introduction"Of new tehnology'.". 

The imposition of the trade restrictions under these conditionb 6hangea production 

.of the- three food grains in all three states as follows:'' 

total output of rice remains almost unchanged (slightly increasesl) 

total. butput of sorghum decreases by 5%, 

total output of chickpea decreeies by 13%, end 

total output of all food, Srafis together, decreases.by 2Z. 

Suppose that new technologies 'are found and adopted, for all three crops 

in all regions so that yields increase by 50Z in the states.which have highest yields 

and by proportionately less in the states witi lower yields 2 . Vurther, all supply 

functions shift allowing a productivity growth over initial levels in the same way as 

yields; at the. same time, assume an increase in demand in all regions for all crops 

uniformaUy of 25%. 

This case of increased productivity by 50% and increased demand by 25% is 

depicted as case B in Figure I1. It shows that the imposition of the trade restriction 

reduces production comparatively more under this high-yield, low-cot-of-production 

case B than the same restriction did in the earlier low-yield, high-cost-of-prodtiction 

case A. 

I Case B below will demonstrate the effect of the. "new. .technology".
 
2 The reason for this assumption of proportional-yield effects is
 

given in Appendix IV.
 

http:decreases.by
http:Application.of
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Table 2 : Assumed 1 price elasticities of demand and supply 

Price elasticities 

State Demand Supply 

Rice 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 -0.73 -0.46 0.58 0.15 0.22 

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

Table 3 : 	 Assumed Transportation rates between states 

(Ri/toan) 

State Andhra Pradesh Madhya Pradesh Maharashtra 

Andhra Pradesh 0 30 s0 

Madhya Pradesh 30 0 40 

Maharashtra 50 40 0 

I'
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AGRICULTURAL MARKETING AND AGGREGATE PRODUCTIVITYt
 
A DIMENSION TO BE ADDED TO AGRICULTURAL MARKET RESEARCH.
 

M.von Oppe't 

Anthropological research shows that in the. long history of man and during his 

early 	cultures, market economies did not develop until relatively late. Volanyi
 

observes "if:Babylon. and Tyre were not,...as it now appears the ancient huas of the 

price-makiag market, then the elements of that seminal ins.titution mst have come 

from the Hellenic sphere, sometime.in the first milleniumB.C. Sixth and fifth 

century Greece was, therefore in essential respects, economically move naive than 

even the extreme "primitivist" would have it, while in the fourth century the.s very 

Greeks initiated the gainful business practices that in much later as developed in,. 

the dynamo of market competition".- To some it migh seem that this "dynamo of 

market competition" which is propelling the western economies today, hw led, to a 

development based on the global exploitation of limited resources and - it stands at 

present, has dim prospects for its continuation much longer.2 Not only physical
 

resources are diminishing rapidly but also human resources in tarms of social value 

system md religious ties seem to decay under the impact of a commrcialized 

materialistic life. 3. 

However, such pessimistic views on certain weastern economies (whether justified 

or not remains yet to be seen) should not directly mislead us to the conclusion that 

developing countries would be better off by keeping village economies in "self
 

sufficient independence". 
4 

On"the contrary, efficient integration of the rural
 

The author gratefully acknowledges the coients and su gestions on an earlier 
draft from Drs.B.arris, J.G.ltyan and li.P.Binmsanger. The data used were 
largely collected by Dr.S.L.Bapna. The computer work was carried out by 
Hr.PParthasarathy,Rao. 

1. 	 Polmyi (23), p.64
 
Club of Roa etc.
 

3. 	 Vro.e.(8)
 
4. 	 Heierl (14) 

2 
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FIGURE 1: ONE-CROP-TWO REGIONS TRADE WITHOUT 
.AND WITH RESTRICTION 1 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 Restrictions' in Trade
 

Case A: Low Yields and High Costs of Production
 

REGION ANDHRA PRADESH MADHYA PRADESH ALL THREE REGIONSMAHARASHTRA 

Free Restr Free Restr Free Restr Free Restr 

AREA (1000 ha) 
Rice 
Sorghum 
Chickpea 

2665 
2335 

--

2644 
2238 
118 

5305 
2350 
1345 

5016 
2190 
1115 

1144 
6513 
343 

1469 
6262 
269 

9114 
11198 
1688 

9129 
10690 
1502 

Total 5000 5000 9000 8321 8000 8000 22000 213,1 

PRODUCTION (1000 t) 
Rice 4164 4132 4349 4112 1179 1515 9712 

(100) 
9?59 
(100) 

Sorghum 1062 1017 1487 1386 2042 1960 4591 
(100) 

4363 
(95) 

Chickpea -- 44 915 758 105 82 1020 
(100) 

- -15301 

884 
(8?)

15006 

Total 5225 5193 6751 6256 3326 3557 (100) (98) 

PRICE (Rs/Qtl) 
200 1162 110"
114 105 115 76 119
Rice 	 1102
69 114 157 1122
68 110
109
Sorghum 
 191 74 1942 1132
193 76
196 477
Chickpea 


TRADE (1000 t) 
+-186
Rice (00t----------- ------------------------

.--------- 1430
-+1244 
 143
Rice 	 - -143 


--- .-- --*375
 
S -....... 885
.....-510 


...- .-- 23
Sorghum 
 88-- - - - - - -- el 

330--------------4
 
Chickpea 56 1---------------------------- 386
 

10k ------------- I
 
204 	 -------------- 4 

lTotal trade in each of the commodities restricted to 10% of the quantities traded
 

under unrestricted conditions.
 
2Weighted average price of quantities consumed.
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This can be verified because SIg + Hit :0i + S'l; i.e., total quadtity 

produced is reduced; moreover, comparison of the effects of trade ftstrictions in 

the two cases A and B shows that production falls proportionately more under 

high-yield conditions.
 

It can be verified that:
 

Sn - Sib > SI - and 

SL+SIL S +SIItlit b * <.i*
tht +SIjb SP + sit*
 

ba a
 

In the more complex three-region-three-crop version; the model generates 

results as'summarizedin Table.5. In this case theimpoltion of trade , 

restrictions causes: 

total output of rice to decrease by IZ, 

total output of sorghum to decrease by 7Z, 

total output of chickpea to decrease by 15%, and 

,total outpL.c. of all food,8rains to decrease by 42. 

Comparison of the two cases shows the impact of trade restrictions. Under 

conditions of low yields and high production costs (case A) trade restrictions 

have a measurable but comparatively small impact; aggregate productivity of all 

food grains is decreased by only about 2%. If,however, with population growth, 

demand functions are shifting to the right, and if at the sm time, new 

tkchnologies are adopted which Increase yields and shift supply functions to the 

right (Cesa !3 , then regionnl specialization end interro-irenL exchange in

crcano, and consequently aggregnte production rises considerably. 
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Under such circumstances a retriction of the interregional trade asdescribed 

above decreases aggregate production of all food grains by about 4%; i.e, 

about twice the percentage decrease under the initial or low demand, tralitional 

supply conditions.
 

These cases demonstrate that under increased supply and demand conditions
 

total aggregate production may be higher - even with restricted trade - than
 

production under low-yield conditions with unrestricted trade. Thus the techno

logical advance assumed in shifting the supply cdistraints in case B'increases
 

production over case A despite the restrictions in trade. However, the trade
 

restrictiotis are more harmful under'the improved technology case B bedause they con
siderably.depress total producti.o, bel qw the possible level with unrestricted trade. 

2.1.2 IMPLICATIONS 

These results illustrate - to some extent - what might have been the effects 

of the food policies pursued in India"over the 'past decade. In Figure 2 the
 

attempt is made to summarizeIndinfood policies over the past two decades. Based
 

upon the statements on movement restrictions"and price policies published by the
 

It
'Covernfent df India a 'chart was 'assembled which depicts over the years the
 

atate ,e withfilgures of
dhangeg in food grain movement resfrictionis, togethe 

the A1l-lndia production and procurement of f6od'grains. "This chart shcMA"that, 

after-a'period of relatively free movements, f~om 1956 to 1958, .priVate food. 

grain trade in wheat ald-rice was allowed oily within c'ertdin zones tonstituted 

by three or four neighbouring statedi while'inteaz*hai trade was restricted to 

be the monopoly of a cdxtral governmet 'agency -,the Food Corporation of India 

(PCX). 

./ Government of India, (9)and (10).
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Table 5: 	 Optimal-Allocation and Trade of Three Competing Crops among 
Three Regions
 

without and with Restrictions
1 in Trade
 

Case B: Demand2 and Supply
3 increased
 

ALL THREE 	REGIONS
MADHYA PRADESH MAHARASHTRA
ANDHRA PRADESH 

Free Restr Free Restr
 

REGION 
Free Restr Free Restr 

AREA (1000 ha) 8953
1449 9014
5314 5030 1099
Rice 	 2601 24?4 

6569 6298 11335 10734
 

Sorghum 	 2399 2381 2367 2055 

144 1273 1018 331 254 1604 1416
 

Chickpea 


8001 21953 21103
 
Total 	 5000 4999 8954 8103 7999 


PRODUCTION (1000 t)
 
1505 1986 13032 12925


6050 5754 5478 6186
Rice (100) (99)
 
6301 5887
 

Sorghum 	 1481 1470 2254 195? 2566 2460 

(100) (93)
 

124 95 1423 1203
 
--	 69 1299 1038Chickpea 
 (100) (85)
 

4195 4540 20756 20014
 
Total 	 7531 7293 9031 8181 


(100) (96)
 

PRICES (R/Qtl)	 75 105 193 102k 964
 
78 101
100
Rice 	 964
49 101 156 994 


96 48 97

Sorghum 	 764
30 1474
32 144
149 462 146
Chickpea 


4---------------------------------------------------

TRADE (1000 t)
 ------ - - 769 1967
-------. - -- ....- 3
Rice 	 

19?
o 197.-----.--


----- ---- ----- --- - - 505
 
----------- 900 1405
 

+ 42
Sorghum 

--	 .-------- 141
99 


490 --------- 4 
546

56 -----------------Chickpea 

43 4-------------- 4 
11 4--- --- -----4 	 54 

ITotal trade in each of the commodities restricted to 
10% of the quantities traded
 

under free conditions.
2Demand increase of each crop: 25%.
 
3yields and Supply of each crop increase: 50% for the state with the highest yield
 

increases 	for other states are 50% adjusted proportional 
to ratio of state's yield
 

to highest yield.
 
4Weighted average prices of quantities consumed..
 



FIGURE : 2 ALL-INDIA PRODUCTION AND PROCUREMENT OF FOUDGRAINS AND STATEWISE SUMMARY OF 

FOODPOLICIES INVOLYIEG rADE RESTRICTIONS FOR DIFFERENT FOOiCGRAINS 
ALL-INDIA PRODUCTION 66.9 69.9 64.3 771 76.7 82.0 82.7 78.4 8. 89072.3 7. 950 94.0 99597.0 104.6 101.1,
 

OF FOODGRAINS 10.4 1o52 ]
 
(MILLION TONS) 0 --


ALL-INDIA PROCUREMhENT .1 .3 .5 1.8 1.3 .5 .5 .8 1.4 4.0 4.0 4.5 68 6.4 6.7 6.9 7.7 8.4 5.6 12.0" 

OF FOODGRAINS -
.
 

(MILUON TONS) 

62-63 63-64 64-65 65-66 66-67 67-68 68-69 69-70 70-71 71-72 72-73 73-74 74-75 75-76 76-77
Y E A R 56-56 56-57 57-58 58-59 59-60 60-61 61-62 

STATES
 

PUNJAB + HARYANA 
NORTNRTHER RICEA ===	 ZOEONE 

NORHER RIC ZONE 	 OTHR GAZN 

" .. ........ . ...UTTAR PRADESH. 
NORTHERN WHEAT ZONE 

GUJERAT J 
i zz 

RAJASTHAN 
TAT ZON- WESTERN RICE ZONE 

MADHYA PRADESH
 

MAHARASHTRA
 

ONEIANDciRA PRADESH 

.........
 
KARNATAKA 

SOUTHERN .. 0	 ___ __ __ _ ____-~- OTENRICE ZONE 

............
......
SOUTHERN RICE ZONETAMIL NADU 

KEALA 

BIHAR 

EASTERN RICE ZONE I 

777IWEST BENGAL 


ON COARSE GRAIN TRADE -EmMAT
1 RESTRICTIONS ON WHEAT TRADE 0 	 RESTRICTIONS 
RESTRICTIONS ON ALL FOODGRAINS 

LEGEN D: 	 -

RESTRICTIONS ON PULSE TRADE =0..... RESTRIC1ICNS ON RICE TRADE 
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Unfortunately, it is not known to which degree the FCI distribution systems
 

effectively reduced interregional trade. These zonal restrictions, after a
 

temporary relaxation for wheat during the three years (1961 to 1963), were
 

considerably tightened when in 1964-65, individual states became separate food
 

zones, and when after 1966, in addition to wheat and rice in many states, pulses,
 

coarse grains, and sometimes "all food grains" were 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
 

At the same time new technoshows, procuremeint quantities did indeed increase. 


logies were introduced which triggered the "green revolution" and aggregate
 

production went up despite sometimes very stringent curbs on interstate movement
 

of food grains. The statewise food zones continued (with a brief interval of
 

relaxations by some states around 1969-70) until early 1977. In February, 1977,
 

the hern rice zone wan reinstated and in Sertenber 	1 77, ieat trde was 

copletely decontrolled. 

These recently announced relaxations of earlier trade restrictions - if 

allowed to continue - will have th'e effect of increasing aggregate food grain 

This is especially so as, inproduction over and above what it would have been. 


most states, HYV's fertilizers and other new technologies have only just begun
 

to. be.adopted, .pd this tends to widen the differences 	in comparative advantages
 

•among regions (see Appendix IV). As demonstrated in the model, this will induce
 

,and/or speed-up-the!process of regional reallocation. of crop production and
 

will lead to changes in cropping patterns, including introduction of new crops.
 

to the model results we can trace out some of the associated
Referring 


welfare Impacts. o£ liberalizing the inter state food grain trade:
 

1. 	 The weighted average prices of the comodities are higher under free-trade
 

- free movement would
conditions. This implies that - ceteris pcn,bus 


/I 
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ohift. the terms of. trade in favor of agriculture1 the.:U3Qe advat.,edth
 

agricultural technology, the more favorable the terms of trade will become
 

(compare average prices in cases A & B). 

2. Prices in deficit regions willifall considerably (e.g.Maharashtra).while in
 

surplus regions prices will increase (e.g.Madhya Pradesh) as mQyemqnt 

rentrictions are relaxed. :
 

3. 
 For some regicns which have a comparative disadvantage in the production of
 

certain crops (e.g.Maharashtra for rice), the price decrese wili cause a
 

ctitback in production which may or may not be offset-by increases-in the
 

production of other crops, so that for an individual region,, an overall 

decrease in food grain production could be the result.. 

In view of these considerations it :,emains rejAevant for the regionali 

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

as demonstrated above  are worth their political implications. 2 . However, given
 

the methodology of qumntifying these impacts under a set of assumed conditions, some
 

of the guesswork required earlierJ is reduced so that for his choice among the 

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

of hts decision.
 

S' An index, based on the simple average of prices would have shown the opposite 
2..(see Tyagi (38)). 

.2 For 
3 

an excellent discussion of the issues involved see e.g.R.Krishna (17).For., instance when justifying zonal food policies, Dantwala said 't he economic 
balance sheet of such disincentive in surplus states and incentives deficitin 
states is: anybody's guess!. (Dantwala (5)).

4 It must be emphasized that the above model results rest upon assumptions, some 
of.:which may correct. theor may not b9 For instance, trade restrictions of
10Z of optimal quantities traded are likely to be too strong; however, a more 
realistic figure of perhaps 202 to 302 would have indicated Just the same 
tendencies; the overall lss in aggregate productivity would have bew 
around 1.52 In case A and 32 in case B, still sizable quantities.
 



2.2 	 IMPACT OF MARKET FACILITIES 014 AGGREGATE 
tRO Wfj. VIT 

The above activity analysis model uat remain an abstract approach an 

long as the data and assumptions incorporateo have to be chosen on amore or 

less arbitrary bass. As soon as elasticity eti--tee have bcen generated which 

reliably reflect supply and demand conditions in ndividual states, more firm 

statements about normative aspects of food grain policies can be made. For the
 

time being, the main use of'such models is didactic.'
 

2.2.1 	The Estimation Model
 

In contrast to this, . the following approach measures the actual causal 

.effects between market facilities (nimber of reglated markete and length of 
r 


• . I .	 , .1 

.roads) together with othet inputs and phyeical, factors, and aggregate agricul

tural productivity. Data were collected on 20 districts of Anihra Piadesh over 

7 years. A causal relationship between market facilitesa&d.agra e e produc

tivity is hypothesized to exist if a lagged effect on productivity of market 

facilities can be shown to be significant and different'from nonlagged data. 

The estimation model was run using generalized least squares on cross-section

time--series1 of the following variables: 

Pdot a f (d,t e' RDd,t4, RNd,t' 'dt'Fdot' Ud,t) 

where 	APdt - Aggregate productivity in terms of deflated monetary valueof output in Rs/ha of cultivated crea, in district d in 

year t; 

d - Number of regulated markets per 100 k*2 of geographical areain district d in year tOe, where e is the lag which was varied 

between +2, +1, 0, -1, -2-and -3. (The higher the.dmusty of 
markets, the higher --.at a decreasing rate - the aggregate 
productivity; expected signs of the backward-lagged variables 
positive in the linear ters, and negative in the squared term). 

1 l ah (2) 



Ildt4 " 
2 

lenth of surfaced roads per 1,000 kn of geographical area 
in district d in y6ar't+e ,where a Is the Ila which was 
varied between +2, +1, 0, -1, -2 and -3. (The higher the den
sity of roads, the higher the aggregate productivity; expected 
sign of the; backyard-lagged variables positive). 

*Uf ,- :Annual rainfall in me in district d in year t. (With increases 
In annual rainfall, aggregate productivity should increase at 

a decreasing rate;. expected signs of a linear term positive and 
of a squared torm negative). 

*Iid~ - Irrigated area in percent of total cropped area in district d 
in year t. (The higher the percentage of irrigation, the 

higher the aggregate productivity; expected sign positive). 

FTd t - Fertilizer 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; expected signs 
of a linear-tam positive and of a squared-term negative). 

Yd,t Area under high yielding varieties in percent of total cropped 

area in district d in year t. (The higher the percentage of 

high yielding varipties, the higher aggxegate productivity; 
expected sign positive). 

Z.2.2 	 .tiricalevidence for causal effect of markets 
on az=reate productivity 

Model application in functional forms as presented in Table 6 gives esti

mated coefficients for the different lags on market facilities. Equation (1) 

measures the joint Impact of the variables with different lags, In order to estab

lish the direction of causality between markets and aggregate productivity. 

Mile the coefficient for markets in year t-l shows a significantly positive re

latidnship between markets aid agtregate productivity, the coefficients of mar

kets with zero and positive lags are Insignificantly different from zero. Some

what unexpectedly, the equation shows markets in year t-3 to be negatively re

lated to productivity, 'However, a negative coefficient for market densities 

several years earlier siquite plausible in view of the fact that market density 

over tim chingas in a cumulative way in the positive direction only... In other 

I Sim (33) 



Table 6 : Aggregate Productivity as Functlon ofMarket Facilities and Other Inputs 

Variables. 
1 

Estimated Equations 
2 

2 3 

lKt_3 -1233 (-2.1) -1019 (-2.9) -32 (-0.04) 

e€t-3 2 

M~t-2 436 (0.9) 

-

.-

-96352 (-1.3) 

m .t-l 

(Nt-1) 2 

Mxt 

Mit+1 

761 (1.7) 

--

-607 (-1.4) 

536 (0.8) 

793 (2.9) 

-

1352 (2.4) 

-31424 (-1.2) 

t+2 18 (0.03) -

RDt-3 

RDt-2 

RDt_ 1 

RDt 

RDt+1 

RlD0 2 

RNt 

(3kIl)2 

1 t 

PTt 

(1ht)2 

Byt 
i2 

-. 2 (-0.5) 

-29 (-1.1) 

-9 (-0.3) 

19 (0.6) 

15 (0.4) 

27 (0.9) 

.035 (1.4) 

-.00002 (1.4) 

39.4 (4.1) 

-.147 (-0.7) 

.003 (1.2) 

.068 (1.7) 

.87 

-31 (-2.0) 

T--

-

4 (2.7) 

.048 (2.3) 

-.000025 (2.3) 

42.1 (5.9) 

-.192 (-1.2) 

.004 (1.9) 

.042 (1.4) 

.87 

-34 (-2.0) 

49 (3.0) 

.047 (2.3) 

-.00003 (-2.3) 

47.5 (6.2) 

-.136 (-0.8) 

.004 (1.5) 

.029 (0.9) 

.81 

1 

2 

In year t, from 1968-69 to 1971-72. 

t--valum in brackets. 
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word., regulated markets are being added but they do tot disapp'ar, Conse

quently, in an estimation equation which includes all of the lags 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
 

markets which causes productivity to rise, market density has to be low and this 

low density of the past period is associated with high productivity later.2
 

What remains surprising, however, is that this negative lag is found already in 

year t-3, indicating a fairly short gestation period of market regulation and
 

its almost imediate impac already after one year on productivity.
 

While the density of regulated markets in year t-l has a consistently 

sig ifcant causal relationship with productivity, the insignificant coeffi

cients on road density show that there is no clearly measurable relationship 

between roads and productivity in this data set for Andhra Pradesh. Nogative 

signs for roads in thq 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 influence when and where 

roads are to be built in future.
 

Among the remaining 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. 

At least not during the period of our observations. 
Unfortunately the time-series on markets is too short to extent the lagging 
further.
 

1 
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The -esults of the above estmation equation (1) for the given data 

set allow usoto accept the hypothesis that there is a causal impact of markets 

on produc.tivity. However, they lead us to reject the hypothesis of roads 

- having, a causal impact upon productivity; instead, it would appear as if 

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

2.2.3 1Wlcations of the results

* Given this result, it is interesting to estimate in separate equations 

the coefficients for only those lags which wo ild appear to be most relevant in 

determining the causal relationships more clearly. In other words, attention
 

Is focussed on the Impact of only two of the market lags and two, of the road 

lags which have the highest t-values in equation (1). The results are pre

sented in equation (2), clearly showing that roads in year t-2 are negatively 

and in year t+2 positively related to aggregate productivity, while markets in 

year t-3 are negatively but in year t-l positively related to aggregate produc

tivity. The high significance of these estimates confirms the earlier state

ment that markets have had a causal effect upon productivity while for roads 

the effect was rather of the opposite direction, i.e. roads have followed when
 

and where production Increased.
 

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

"implies an Indefinite Impact of more markets leading to more production. How

ever, logically it is must be expected that increases in market density can only 

be beneficial upto some optimal point beyond which further markets would cause
 

production to decrease. In view of this expectation a squared term for the

two market variables was entered, so that the position of this optimal point
 

"could be determined. 
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The results 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 is 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 be interpreted that ezte/" pa4.bW, an increase in market density from
 

say 11 to 12 markets per 10,000 km2 would increase aggregate productivity by
 

6.2 Ru/ha of cultivated area; this would amount to nearly l 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 in annual aggregate productivity.2 The opti

mum point of this curve lies at a market density of about 22 markets per 

210,000 km , which is well above the existing market densities which average at 

11.5 markets per 10,000 km2 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
 
effect coutained in the observatiohe. These are sumarized in Appen
dlxv.
 

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



FIGUNE 3 .	 AGGREGATE PRODUCTIVITY AS A FUNCTION 

OP MARKET DENSITY2 IN ANDHRA PRADESH 

ISO
 
150
 

14i0
 

120
 

110
 

so 

'7. 	 1 ltn year t 
2 Inyear t-1 

50 

40
 

30
 

20
 

10
 

0 t I s 0 10 Ii 1"'16 18 20 22 

Nuober of Regulated Markets per 19,000km2 of Geogrphlc.) Area. 

') ' 	 'S
 



.17.
 

was 	shown above to cause aggregate foodprinciple of ccprative advantage which 

grain production to ncrease when interstate trade barriers are removed, operates 

also at the local level when local trade barriers are removed. With the estab

lishment of reulated markets, distance to the market is reduced: price infor

traders is In addition,mation is improved; and competition amon .	 strengthened. 

effects which are associated with 	rarket develnpient" such As,there are secnn,!ary 

easier access to inputs (seeds, fertilizer, credit, extensicn), and inducement 

to become aware of comarative advantages. Synthesis of the above results sup.sests 

that the removal of interstate trade restrictions, As announced in. 1977, will not 

show its impact before 1979 allowine for at least a one tc two year lar for re

building private narketine channels, for trigering reallocation of cropping 

systems, and for setting locational shifts into motion. The dezoniln of the food 

all states - can be
grain trade - if implemented and allmwed to continue within 

expected to produce measurable effects on aggregate proAuctivity from 1979 on

wards. Given the persistently low level of commercialization1 of Indian apri

culture and the minimal locational shifts in croppinE, patterns which have occurred 

during the past decade according to Narain (20), it would.not be surprisin, if 

out to be quite substantiral.c Fursubsequently the reallocation effects turned 

ther advance of new technologies fron .ongoing research in national and inter-. 

to enforce this anvIsaed developnational research organizations would tend 

ment. 

A number of questions emerge fromthis analysis, which need to be ans

wered by further research efforts: 

(1) 	 What will be the affect of additional co mrcialization 

on small farmers? 

A 	 study is underway in Mahbubnaear discrict which. aims amon . other 

access on small .vS. large farmers.
things at determining the impact 	of market 

in of prnduction in 1974-75 are: wheat, 24%;Estimated maprket arrivale percent 
rice, 22%, sorghum, 1; and chickpeas 28% (Government of India, 

(9) 1977,9.16).
 I 

http:1977,9.16


Otir hypothesis is that lack. of market acesas affect small 'farmersmore :adversely 

than it does large farmers (Peshesud and. von Oppen [21]). 

(2)VJil less restricted movement of food Prains not 'increase
 
reSional inequalities and therefore make people in some areas worse off? 

The hypothesis would be that price policies and procurement systems 

which depress agSrerate productivity are probebly expensive measures for tryipg 

to rationalize repional inequalities (Harris [121). 

(3)Considiring the postulated high payoff from Investmants into
 
market facilitieb, is the'existing aporoach of regulatei marttng
 
which dates back to recoimndations made by the Royal Comission
 
on Agriculture -in 1928, still the best approach, or .should 'the
 
be modifications? 

It is possible that the existing legislation for market regulation is 

in the way of estelishinf, additional market yards, because a now narket starts 

as a subyarcf, and the creation of a subyard depends upon the agreement of the 

market comuittee of the main yard, who - it could be assumed - may be reluctant 

to allow diversion of trade flows from the main yard. Also, forcing transactions 

to take plzce only in notified market yards leads to a concentration of process

cost-Ing capacities in places were these mipht not be optimally located from a 

dniizing point of view. 

(4)Are the gains from improved market facilities so far
 
demonstrated'for Aidhra Pradesh also to be had in other areas?
 

Indications are fror, an ongoin rmarkiet survey in siMi-arAid tropical India 

that probably Andhra' Prig sh is one of the best developed stae. as a" marketunl. 


infrastructure is conc-jrned. But data collection is underway to extend the above 

analysis to other states in India. [V.T. Raju (25)]. 

211i
 



(5)If restrictions on interstate movemcnza 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

deah the analysis should be done on thQ basis of statewiqe data of All-Tndia
 

by ncluding a variablefor measuring. the sewrity of estrictS.c, is.n foo4 

grain movements by states. Data are presently being Assembled to test the 

above hypothesis. 

4. StMTOAY 

Agricultural market researchers in the past have not paid much atten

tion to the impact which agricultural marketing channels exert on aggregate
 

productivity. Agricultural marketing system which reduce or remove the con

straint of satisfying home consumption requirements nd thus induce regional 

and personal specialization in cropping systems according to the principle of 

comparative advantage, causs aggregate productivity to increase. The poten

tial to increase aggregate productivity due to virket exchange is particularly 

high in countries or regions such as the semi-arid tropics which depend largely 

upon subsistence agriculture. 

A methodology to measure the market effect on productivity is proposed 

nvolving (1)activity analysis with the help of an nterregional trade model 

and (2) regression analysis measuring the causal effect which market facilities
 

have on aggregate productivity.
 

The interregional trade model is applied for a three-region-three

crop came. It demonstrates how trade restrictions depress aggregate producti

vity the stronger, the more advanced agricultural technologies are. Indian
 

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

viem of this model result. 
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Analysis of district data for Andhra Pradesh shows a significant
 

causal effect of regulated.markets on ,agrega e productivity. A .la ofCqe
 

to two years between market regulation and productivity increase is .fonmd 

to exist. 

Considering the fact that during 1977 nterregional trade in food 

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

if this liberal food policy continues - its effect should manifest itself in 

-Mcasurable productivity increases after a le g of one to two years. 

* urther research is required and imier way to establish the effects 

of commercialization on issues such as effects on small vs. large.farmers; 

.regional redistribution of .gains; appropriateness-.of legislature on .mrkeat 

regulation; and other topics., 

MVOpurna 
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KATnIIPTICAL 1OEM CI7o OF A sPAIAL EQUIRMIU 

(1) flotation 

NW = net social welfare
 

t f a Inercept of the demand functim of

Icommodity f in region. ; . 

Y quantity demanded of comnodity f In region I 

w slope coefficient of demand for .-owodity f 
in region I • 

k - ntercept of supply furntion of ccumodity f 
• 	 ,,,.In regloni. .... ... 

X 	 quantity supplied of commo4ity f In region I. 

.v, .	 slope coefficient of supply function of 
coamodity f In regi.onI 

t ij transiortation cost of shipping one unit of 
.eoAodity f frm region .1 to region, J.; 

f
Xij quantity shipped of .co mdity f from region I

toJ ; 

Li - lend available Sn regio .i for cultivating. 
coawdities 1 through h ; 

f 
r 	 lad requir'ement (inverse of yield) of counodity x 

In regioni. 

(2) 	Problemf ,, ,o 

The objective is to maximize the following nonlinear function of 

net social welfare, W: .. 

-. NW -	 f-2 fi2 - f - f
NW iE f T 	 ,.k
 

f P ..... It i7 II Ij 

I 	 For details on the mathewatical. backrromA of spatial equilibrium rdels, 
see Takayama and Judge, .1971; (36). 

I 
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subject to the following two ccn.straints:
 

(a) Comodity Flos: 

fzxf +
 
Y I jijJJ1
 

(b)Land Availability 

.. ffo. ,. ..
LIzEfixi.
 

If the Lagrangean form of this problem is wrItten out and the appro

priate Kubn-Tucker conditions are formulated, the folowing set of equations 

evolves, which is interpreted as follows: 

k.Land 	aval.abl-lity: •The smotmt of lad.available In each region i 

restricted and the sum of total prouction of .eaqh..erop divided by yield 

for each region cannot exceed the amount of land available. 

r . T 	 r, L.'. 

where r land requirement in h Fper.ton 

, -, land,.available fo .crop, production In ha.
 

b. Commodity Flows: The amoumt 	of comodity f consued in region i cannot 

exceed 	 the quantities produced minus outshipments plus Inshiptsbe 

.:: f +E. X (2) 
Xi J: i i ji
 

f...
 
c. 	 Demand functions: The consuer price Py. coxtydity f in region I is 

ff 
equal to the quantity .cqns 	 ftines a slope cofficlent and a con-. 

stand term tf 
,a *, 	 . ..... ...
 

.
 
y,I- .. f 	 (3) 

Pyi t ir T
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d. uppliy functions: The producer price Pxj of coinodity f In region I JA 

equal to the quantity produced +ftirs a slooe coefficient vid a exntant 
f f, 

tines the yield inverse f:.

minus the price of lend Pt
teym '.,.f 

-i vIiXI-


It is-interesting to note that the logic of the quadratic program 

requires the entering of the imputed shadow price of land times the yield, 

Inverse as an output price-detenin factor. 

f 
e. Transport Costs: The difference between consuer price Pyi and producer
 

Price P ofottha same coodity In another region 5. has to be less than or 

equal the coat of transporting c Mt~iy f from OReIOc i to reOW J.' 

f 
P 

f 
Pxj S 
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Appendix It' 

Derlation of supply and dund elasticities...and other, 
data used in the Crop Allocation idel 

E,Ilasticities: Numerous estinates of a fpZy estio ttee for different 

crops in India are aevalable... But,these differ widely for ee6 crop depend
. I , 

ing upon the model .and the specifiration-Wo the iva'Lable I used. We have 

chosen those estimates wehich appear re sbble'on i bas"s of our knov3*dge 

of the situation In India. In contrept .to..snatee.of suppy O eUlies 

o€ very few estlrates of demnd eUmtitctieo have eoen Initiate "end these 

maliay for rice and wheat. In addition,, qom information on demnd elaSti

cities could be drwn fron soe estimates of price flexibility .offi

dlents. 

After exandnins the available estimates we hae decided to base the 

models on the coefficients as presented In Table I. 

Table I : Basic Elasticity Coefficients 

Supply Elasticity Demn4 Elasticity 

Crop Andhra Madhya Kaha- Andhra Madhya Maha-

Pradesh Pradesh rashtra Fradesh 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 

Ciclpea 1.00 0.20 0.10 -1.00 -0.40 -0.60 

These coefficients were used to derive initial price flexibility 

coefficients end slopes and intercepts of the price equations in different 

states.
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The elasticities computed on the basis of the results fron the model 

runs (see Table II) reveal that In most cases our initial estimates lie some

where between the 'restricted' and the 'unrestricted' solutions. 
. . :1 .... , - .: ...

,2.Derivation of slopes and intercepts of demand and
 
supply functions:
 

Asstw the following sup.ly function :
 

8 a + bP
 

where S is average production
 

a and b are regresion coefficient; and
 

P in average price;
 

This can be written as
 

-bP a - S or
 

a I 
bb
 

a-k we define the price Intercept ane.by setting 

- v we define the slope coefficient of supply (See Appendix 1) 

b 

From the available estimates of elasticities of supply and demand (es) 

given above k and v were obtained as follows:
 
esbP
 

es - , and thus
 

b GOS . Since
 

v - as shown above, therefore
b
 

u Since
 

k , as shoun above, therefore
 

k P(L- 1). 
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The saw procedure was used for deuiving the into rcept aL)md slope 

coefficilent ) of the demaud functions. Data related to average prices and 

average quantities produced were taken from the Bulletin on Food Statistics, 

Government of India.' Prices .zsed ran sholesal, prices. The information 
regadin coustionpe capia i -dfferet stte l taken ro tb Nationa. . .. . . -,q 

Sample Survey reports. The N.S.S. estimates are generafly over-estiamtes and 

therefore, wherever estimates appeared abnormally high, the estmates were ad-

Justed taking into account normal export or import of the .commodity concerned. 
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Price. IlEsticities Derived iron Optimal Solutions 

Because of the linearity of the demand anduiduply function,
 

price elastIcit4s change from one solution to the next ccording to 

chanaes in quantities and prices.' The following Table II suiarizue the 

price elasticities which accompany the optimal solutions presented in the 

text. 

The Zinearity assumption is a seriousshortcomingsof the spa-l'. 

tial equilibrium model based on simple quadratic programming. Work is c 

underwiy to overcome this.shortcoming either • 

(1)by u'tng an iterative procedure in which quadratic 

progrmming is applied on sets of demand and supply 

functions which aVe defined as tangents to ezponen

tial functions and thus approximate constant qlasti

cities; or 

(2). by simply using restricte4 transportatlon problem 

algorithm, with restrictions representing non-linear
 

pkice-quantity relationships.
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Table I t PrIce elastlftle, of supply and demand accosanying ths
optimal solutiouni In Case A and B 

Case A Came B 

Dmand supply Demand'-- Supply. . . .. ... -- . -- : _ 
S.Unres-. Das- Unrems-' Rs- Unesi- Pras- Untes- Res
trict- trIct- trict- trict- trict-trict- trlc.-, tract
"d ' ed1ad ad adl 'ad ad ' ad 

RICE 

Andhra
Prad'a -05 -0.44 055 0.51 4 4.29, 0.49 0.41 

"Ma~dhya. : "; '" '
 
Pradesh -0.82 -0.43 
 0624 0.17 -0.65 -0.42 0.21., 0.17 

Maharashtrs -0.53 -1.42 0.58 0.75 -0.44 -1.30 
 0.53 0.74
 

Andhra
 
Pradesh -1.19 -0.51 0,29 0.19 -0.93 -0.32 .0.25 0.12 

Madhya
Pradesh -0.94 -0.M "0.0 0.20 -0.75 -0.28 0.27 0.15 
faherashtva -0.78 -1.53 0,15 0.22, -0.64 -1.50 
 0.14 0.22
 

Andhra
 
Pradesh -0.55 -6.23 
 - 3.20 -0.37 -5.03 - 2.52 

Nadhya 
Pradesh -0.44 -0.13 0.32 0.15 
 -0.30 -0.05 0.26 0.07
 

Maharahtra -0.46 
 -0.13 0.22 
 0.11 -0.29 -0.05 0.17 0.05 

1 Sm asm n Table 2 In the text, p.7-B. 
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Appendix IV 

Assumption of proportional adoption of new technologies 

The assumption is made on page 8 tf this paper that the state

-wide adoption of yield-increasing technologies would be such as to generate 

a full,yield increase in the state with the highest yield, and proportionately 

yield increases in the other states. This assumption was formulated 

on the basis of yl d •data for wheat. 

Table III shows average yields for the period of 1954-55 to 1958-59 

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

other stAtes in comparison to Punjabg which had the highest yields. Assum

ing a 1001 yield ncreasct in Ptmjab and proportionately lower yield in

creases in-the other states, generates estimates which are approximately 

correct, as a comparison shows between actual average yields for the period 

1970-71 to 1974r75 end estimated yields (see Figure 4). Changsin. other 

factors such as input supplies 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 . Wheat yields
 

Actual Yields
 
States ---- ,---, ------ I-----.----------'1 1
 

1954-55 - 1958-59 1970-71 - 1974-75 Estimated1 Yields
 

kg/ha 	 Propor- kg/ha Propor- kR/ha Propor
tion tio& tion 

Bihar. 	 562 0.55' 1316 0.64 871 0.42 

Gujarat 654 0.63 1642 0.80 1066 0.52 

Madhya Pradesh 572 0.56 790 0.38 892 0.43 

Maharashtra 416 0.40 553 0.27 582 0.28
 

Ka nataka 234 0.22 504 . 0.24 285 0.14 

Punjab .&earyana 1031 .1.00- ,2061 1.00 2062 1.00 

Ra.sthan 901, 0.88 1234 0.60 . 1711 0.83 

Utter, Pradesh 794. 0.77 1186 0.58 1405 0.68 

1- On tlt basis of'10ZO lIeld Increase in state with highestyield (Punjab) and proportional increases in other states.
 



FIGURE 4 : ACTUAL AND ESTIMATED WHEAT YIELDS 
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Appendix V
 

Time and Location Effects 

The combination of tim-series and cross-setion data by 

using the generalized least squares estimation approach generates sa

surements of the effects of time and location. These are listed in 

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

Intercept.
 

Table IV : Tim and Location Effects1 

Effects Equation 1 Equation 2 Equation 3 

YE UmSEddeo. 

1968-69 1.781 2.722 2.747
 
1969-70 1.589 -0.2049 0.0530
 
1970-71 -2.032 -3.1817 -3.378
 
1971-7/ -1.338 0.6642 0.6749
 

DISTRICTS 2 LoeaUom Lee 

SRI -5.536 -4.483 -4.703 
VIS 4.973 4.710 5.683 
HGO 4.169 5.959 4.195 
1w 1.891 -5.730 -5.247 
w3! 2.591 .2.935 2.491 
MRN -2.056" -2.853 0.6473 
U -2.252 -2.969 -1.665 

iYR -2.851 -3.656 -3.284 
ANT 1.542 1.651 2.869 
CUD 0.3586 -0.5635 -0.0151
 
CHI 12.364 12.477 11.43
 
HID -0.5444 -1.674 -1.521
 
IZI 3.804 4.598 3.237
 
l(D 0.1042 -0.1379 -1.406
 

-0.1036 0.3137 -0.2496
 

M0 -6.454 -6.024 -7.426
 
-6.541
VAR -6.128 -5.793 


0E. 0.5324 1.246
2139 

-1.212 -2.033
m -1.762 


ADS 2.457 1.920 2.296
 

Intercept -16.18 -20.69 -26.56
 

Istimte equations are given in Table 6. 

2 Dbecrict m are abbreviated; for their location see Fig. 5. 
1 



FIGURE 5: MAP OF ANDHRA PRADESH
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