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PREFACE 

Most governments intervene in the price-setting mechanisms and distri

bution systems for food and other agricultural products in many different 

ways and for various reasons. in developing countries, governments often 

follow po..icies that .lower the relative prices of agricultural products and 

increase the relative prices of industrial prolucts. Tax, trade, credit, 

and exchange-rate policies are commonly used instruments along with direct 

agricultural price and market-control measures. A study of price distortions 

in the Ivory Coast in the 1967-72 period concluded that government policies: 

1) discouraged agricultural output, 2) encouraged capital-intensive agricul

tural production techniques using imported machinery, 3) caused private prof

itability of new industrial activity to diverge substantially from social 

profitability, 4) resulted in negative value-added in the processing of agri

cultural exports, and 4) favored production for domestic and West African 

markets over international export markets. (Pursell, Monson and Stryker)-1/ 

ln contrast, developed countries often use product and trade policies 

to benefit farmers. The typical result is to create surpluses that have 

often found their way to developing country markets and further depressed 

domestic prices there. Peterson found that real farm prices received by far

mers in LDCs have been substantially Lower than those received by farmers in 

1/ 
For a review of other studies, see Lutz, E. and P. Scandizzo,

"Price Distortions in Developing Countries: A Bias Against Agriculture."
.Eou-. Rev. A.-Ecun. 7-Il();0) : 5-2S. (Al I ric'rmmces; used in the preface 
are cnt"ained in the .ist at the end of Chapter 1.) 
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developed nations. 2 / He showed that differences in product/fertilizer price 

ratios on the order of four to five times or more existed in 1968-70. With 

few exceptions, price re.'ationships were more favorable to farmers in devel

oped countries than in the LDCs he studied. 

The industry-urban biased development strategies adopted after WW II 

in many countries were based on s-everal assumption.s: 

1) that industry provided a inore rapid means of growth, and that 

achieving that growth depended upon large transfers of investible 

resources from agriculture to industry; 

2) that higher food prices lead to higher urban wages and lower profits 

for manufacturing firms; and 

3) that agricultural production is not very responsive to changes in 

intersectu)ral terms of trade. 

Lagging agricultural production, food shortages, and rising food pric:!s 

in many developing countries have led to increased concern over policies that 

reduce production incentives and lower food output. It is obvious that in 

llally counlcrie t here is not enough food and that many physical, biological, 

and economic factors constrain agricultural production. At the same ti.me, 

large sumS of omistic and extIernal capital are being allocated to raise food 

production in these countries. Schul1tz has been in the forefront of econo

mists who believe that many low-income countries are foregoing needed and 

p ssible increases in agricultural production as a consequence of economic 

policies, lie has recently written: 

2t/To avoid exchange-rate distortions, Peterson divided wheat-equival.ent
prices in domestic currency by the domestic currency price of commerckil 
ic tLilizer. Thus, "real" prices reflected prduct-ferti.lizer price rat i.os. 
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"It is my contention that the unreaLized economic potenti;al1
of agriculture in many low-income countriPS is large. The tech
nical possihiLi.Lies have become increasingly more favorable, but 
the economic opportuninies that are required for farners in these 
countries to realize tilhs potential are far from favorab le. Thus, 
for wanL of I p ik.I iabl] incntives, far ain-re no t makingu Lhe 
necessar, investmunlts, including the purchase f superior inputs. 
I argue thnaL int ,.rveniLions by governmifen t are LII. primary cause of 
the lack of optimum economic incentives. Although it has not 
always been by design, the state of incenLiLves in many low-income 
countries suppresses the economic opportuniLi es of farmers." 
(Schultz, p. 7) 

Greater emphasis by donor agenciEc and LI)C pol.cy makers on rural

oriented developmenr strategies 
that meet basic needs, provide employment, 

ani benefit the lowest income population strata, has also shifted interest
 

to policy interventions more favorable to agriculture. The focus of this
 

manual, however, is neither on the evolution nor the effects of recent 

pricing policies in developing countries. Rather, its purpose is to provide 

an overview of the role cf gnalj'sis in formulation and implementation of 

pricing policies, and a general survey of approaches that can be used to 

analyze the impacts of market and price interventions. Chapter 1 contains 

a general review and discussion of policy anaLysis within the planning pro

cess and data and information systems. Chapter 2 deals with the analysis of 

stabilization and price-support programs. Chapter 3 considers input subsi

dies. Chapter 4 analyzes trasd and exchange-rate poliaies. Chapter 5 con

cerns food subsidies and food dis tribution conpolicies. Basic econometric 

cepts and procedures are revi.ewed in Chapter 6. 

The nmnual is designed for use in short-term training and self-study 

for staff members in planning and policy nnalysis off:ices and agencies in 

Latin America. The emphas:is is on basic economi.e concepts and econometric 

tools that can be utilized to evaluate the effects of existing policies and 

i i, 



predict the consequences of alternative policy choices. It is meant tc be 

useful in practical policy analysis, and thus sacrifices some theoretical 

rigor in favor of simpler, more straightforward analytical approaches. 

In addition to chapter references, avnexes at tihe end of Chapters 2 - 5
 

contain annotated bibliographies. These are dusigned to provide convenient
 

.
access to selected sources for those using the manual who wish t pursue the
 

topics covered in more depth.
 



CHAPTER 1
 

ANALYZING PRICE AND MARKET--


INTERVENTION POLICIES
 



1
 

Policy Analysis Within the Planning Process 

In a general sense, planning _an be conceptualized as a process for con

trolling public-sector and private-sector actions that determine a country's 

economic and social development. The outputs of the planning process are 

public sector policies, leading to the definition of plann-ing as a continuous 

policy-producing process. (IICA, p. 3) 

The main agents within the planning process are the planners and the 

policy decision-makers. Planners are responsible for policy analysis,
 

decision-makers for policy decisions.
 

Policies represent the application of all instruments available to the 

public political-administrative system for influencing the socioeconomic 

performance of the economy. Since agricultural development must be vieweu 

within a context of lational mul Lisectorl development, agricultural policies 

include all the instruments that affect the perilormance of that sector. 

The political-administrative system, composed of polciy decision-makers 

and executor agencies, is responsible for the formulation, implementation and 

evaluation of policies oriented toward influencing actions of socioeconomic 

agents to accelerate achievement of desired gols. Although planners are not 

responsible for policy decisions and administrative actions to implement poli

cies, they have an important role to play in support of these actions. (IICA, 

pp. 12-36)
 

In a broad sense, policy analysis refers to all activities that generate 

and present information to improve the basis for decis.ons by policy-makers 

and implementation actions by executor agencies. Analyses can range from 



informal advice, possibly based on nothing more than intuition and opinion, 

to formal studies requiring extensive data gathe ring and processing. PolI!y 

analysis, Ltee tore, is ti~e process Lhat produces analytical intorma tion for 

the purpose of improved publii policy deci.sion-making and impleenLation. 

Policy analysis has an important role t plv in each stag., A the 

planning pr ,cuss, Its use is most familiar within the f.rlmul tion stage, 

where its main contri-bution i_; to identify and compare pol c1v a t:rnatives. 

Thie elements of the policy analysis process can be identifLed a: : 1) deter

mining objecLives, 2) designing al.tertaLives, 3) campra ring al ternatives, and 

4) interpreting and presenting results. These elements are discussed in more 

detail later in this ,hapter of the manual-

In the implementation stage, the primary role for policy analysis is in 

the specification of concrete policy measures. These measures represent 

,pqcific actions to be carried out by the executor agencies of the political

administrative system. Their role is to operationaliz:e the policy decisions 

made by policy-makers. 

The function of evaluation is to review and assess the policies and 

pol-icy measures formulated and implemented by the political administrative 

system. The pUrl)oSe is to feed back informaLion on the positive and negative 

impacts of policies such that specific po.licy measures can be revised, cor

receive policy modifications can be instituted, or new policies can be formu

lated. 

While policy analysis within the formulation, implementation and evalua

tion stages can be presented as conceptually distinct , in practice it is more 

of a continuous activiLy. The same analytical framework and Lechni.ques used 

]or the comparisoni of policy alternatives are also used to analyze the speci
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fic policy measures for the selected policies. Similarly, the evaluation 

of policies can be thought of as an ex post verificaiLon of the ex ante com

parisons of policy alternatives. 

As an example ol these abstract ideas applied to price policies, many 

countries have public policies for basi.c foodgrains that are supposed to bal

ance the needs and interests of consumers, producers, middlemen, and the gov

ernmen itsetlf. The design of a policy regime for fidgrains , for example, 

is what is meant by "formulation." The year-to-year app l ication of specific 

policy measures within that regime is "implementation." The measurement of 

impacts leading to revised policy measures or reformulation of the policy 

regime i.s "evaluation." Policy ,analysis refers to all the activities within 

the planning system that provide information to policy decisi on-makers and 

executor agencies in the POlitla I-idm.iistrative system useful for formula-

Ling, implementing, aind evalIuating price policies. 

The approach advocated erme does not mean that policy analysis is a 

panacea for all defects in public decision-making. Decisions on government 

policies are Zundamentally political, not analytical; decision-making at the 

public level is the responsibility of politicians, not policy analysts. The 

goal of policy analysis is to help a p l.icy-maker make a better decision tLan 

he otherwise would have made. But analysis is limited in many ways--by con

cepts, data, time, human resources. It can never provide a complete under

standing of real-world phenomena nor consider all factors that a decision

maker may take in to Account. 

Moreover, theme are sources other than analysts for assistance to policy

makers in choosing among a.ternatives. The decision-maker's own :intuition 

and judgment, for example. Asking experts for opinions. Getting advice from 



I, 

interested parr ics. Bargaining with other officials and pressure groups. 

it is not necessary to believe that analysis can solve al.l publ ic policy 

problems to claim that there is a definite need for Lt. It is suffici ent if 

identifying policy a]tLurnatives and analyzing thuir various impacts can con

tribute significantly to the improvement of pubLic policy decisions. 
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Diagnostic Assessments
 

A policy analysis ij generally initiated after someone perceives a
 

problem exists. A policy-maker, for example, may feel 
that the performance 

of the economy is deficient in terms of priority socioeconomic goals and re

quest assistance in defining remedial policies. Or, an official in an exec

utor agency ma y have noticed that something is 'rong with a program and re

quest help to decide how to improve it. Frequent]y, special inte rest groups 

may suggest to public offLicials Lilat a LIitl"i ated,policy be mid.ified, "1 dis

continued. The latter may then decide to have an analvsis carried out. 

When beginning t-o work on a problem, a desirable first step for analysts 

is to prepare a (iiagnostlic assessment to define the problem and describe the
 

problem area. 
 (Quade, pp. 67-70) The purpose of the diagnosis is to answer
 

the following kinds of quest.ions:
 

1) Wha t is the problem and how did it arise?
 

2) Which officials or agencies will make decisions and implement
 

corrective act ions? 

3) What are Li e go als and objective:s of relevant dccision-makers? 

4) What impa:ts and measures of effecti.veness ar, important? 

5) What groups or institutions will receive benetlits from, or bear 

costs of, a so lution to the problem? 

With respect to , :'!,et interventions, the diagnostic study should first 

concentrate on a qualitatyive d crIption of the actual regime of trade, tax, 

subsidy and market coniL(. l policies, with emphasis on the nature, extent, and 

administration of tie in trven Lions. Next, the study should undortake meas
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surement of distortions created by the policies by comparing actual domestic 

prices to international alternatives through estimating producer and consumer 

"subsidy/tax equivalents." (Josling) Through this procedure, it is possible 

to estimate the distribution of costs and benefits and the effects on govern

ment expenditures from price policies affecting food and agricultural markets. 

Fox has recently made a q.a.itative assessment of Brazil's minimum price 

policy, which operates through a set of minimum prices announced before the
 

planting sua.on. 'That study conta:i.ns a review and analysis 
of the program
 

particularlv as it vorks in North'east Brazil. The program's 
 backgrounnd and
 

history were reviewed. Performance of the program was evaluated in largely
 

descriptive terms. 'The.
primary focus was on the effects of the program in 

Lerms of stabiL izing prices and expanding output. Little evidence that the 

program has functioned as a positive instrument of agricultural and economic 

policy way presented. 

In a comp;rablc study of Portugal, the World Bank went beyond a descrip

t iv reviea of the extensive price controls throughout the Portugese food and 

agricul ure .' _t .)r to estimate producer and consumer "subsidy/Lax equivalents." 

lhin procedure views the overall efifects of various policies in two categorie : 

those that act a;s a tx/subsidy to prdu'ors, and those l.a at as a tax,! 

s',id,- to con::unmers. In deriving these measures, border price; (u.i.f. import 

lrices and F. .). ,xporL prices) Tt' .mlpared to dmestic prict:es. Thus, tihe 

difference bnewten an ':.pr price and a higher (Lower) producer price neas

ures the implicit producer subsidy (tax). Simi.larlv, the diLffereice between 

A fina[ good's import pricc and a lower (higher) 'onestic. mairket price is the 

implic[i t consu'iimer subs idv (tax). The sum oi Uto iml ii:it :ubsidie:s (taxes) 

;IV an estimaLu of the net impact on the goverment budget. 

http:conta:i.ns
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The table below conLains calculations for wheat in Portugal for 1976 

using this methodology. It shows that the government was subsidizing both 

wheat prodUcLion and consumption, but that wheaL producers received the 

heaviest subsidy in that year. 

Table 1-1 

PORTUGAL: 
 WHEAT PRODUCER AND CONSUMER SUBSIDY EQUIVALENTS
 

1976 

Producer Subsidy Equivalent 
(As % of Total Producer Value) 
Consumer Subsidy Equivalent 

mil esc. 

mil esc. 

720 
(19) 
340 

(As % of Total Consumer Exp.) 
Net Subsidy mil esc. 

(8) 
1060 

(US$ million) (35) 

Source: World Bank, Prices and Subsidies in Portugese Agriculture,
Report No. 2380-PO, Washington, 1979, p. 16. 



Elements of Po]licy Analysis 

Objectives, Criteria, and im jicts 

In choosing policies or making policy decisions, goals are most often 

multiple and likely to be conflicting. This complication exists even for 

an individual decision-maker, and is practical-ly unavoidable where several
 

officials or institutions have a voice in a decision.
 

It is also the case that the goals may not be clearly stated or even 

fully perceived. Apparently, there are political advantages in being ambig

uous about goals and stating obje ves as broad statements of direction 

rather than as 
precise targets. In stating objectives, , iicials may not 

reveal what they really want, either to maintain an ideological p,_ tion or 

because they unsure what they want.are about (Quade, pp. 86-6) Analysis 

can be of some assistance in reaching policy decisions even when the objec

tives are Uot agreed upon but the key to good analysis is a clear statement 

of goals. Until the goals a policy or program is supposed to accomplish are 

specified, information about al.ternatives and impacts has, best, limitedat 

value. 

In the case of price policies, governments often establish such vague 

and poorly defined objectives as consumers' welfare, producers' income, dis

tribution of income, price stability, self-sufficiency, stable market supplies, 

and lower public expenditures. In this case, it is first necessary to estab

. ish with much more precision: 

1) what objectives pol.icy-makers want to achieve, 

2) stpecific na sure s of performance for each objective, and 

3) whether r "ess" each ismeasure"more" of desired. 
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As an example, consider that a government specifies these five objec

tives for its foodgrauin price policy: I) attain self-sufficiency in food

grain production, 2) tabilizc market prices of foodgrains, 3) increase 

consumers' welflare, 4) increase incomes of foodgrain producers, 5) hold down 

government expenditures. Similar objectives "ave been reported in several
 

case studies of price policies. (Mangahas, Timmer)
 

For each objective, alternative performance measures can be defined.
 

In the case of farm income, for example, several concepts could be proposed. 

And after an income concept has been selected, questions about the distribu

tion of the income impacts would arise. Thus, it may be much more important 

to know how income changes are distributed by size of farm, tenure type, and 

region rather than just know that farm income rose or fell in total. 

The loss of welfare, defined as a loss of social real income (net social 

loss), is often calculated by the summortion of changes in producers' and con

sumers' surplus (deadweight loss). This approach is derived from standard 

static partial equilibrium analysis based on the Marshallian economic surplus 

concept. (This concept is reviewed in Currie, et al.) It is used in the 

analysis of market interventions to provide an approximate measurement of 

aIlocative inefficiuncies and welfare transfuers between producers and con

sumers due to price distortions. Typical causes of price dis;tortions are 

producers price supports, tariffs, quotas, export taxes, iLnput subs;idies, 

retail price ceilings, etc. These policies distort domestic producer and 

consumer prices away from international import (ci f) or expc;rt (fob) prices 

(border prices). In.ternatLonal prices at thu sae; point in tLin;marke:ting 

chi;nin are used as reference points on the assu tioan thna t thev repl)res nLt a 

valid measure of the social opportunity costs of the commodi ties to the econ

only. 
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The basic analytical structure of the partial equilibrium evaluation
 

of price distortions can be concisely stated. 
 For a "small" country, whose
 

terms of trade are beyond its c3ntrol., the loss of welfare (real income)
 

from price intervention policies is calculated as 
follows:
 

net social loss in production (NSL) 
 (1)

P 

l/2(Q0 
s s b p).2 pr SVP)
 

1 QP) (P P2 1 2q p
 

net social loss in consumption (NSLC) 
 (2)
 

Si/2(Qb - Qc) (P - P ) = /2t V
 
d d c b tc dc
 

welfare gain of producers (G ) (3)
 

Qp(P - Pb) - NSL
 

welfare gain of consumers (Gc) 
 (4)
 

= Qd(P - P ) - NSL
 

d b c c
 

change in foreign exchange earnings (AF) 
 (5)
 

(2p C - Qb 

change in government revenue (AF) 
 (6) 

= NSL - NSL - b - b p c p c 

where:
 

QSb = domestic production at border prices
 
s


(.. = domestic production -atdomestic producer price 

=
Pb border price
 

P1 domestic producer price
 

3/
 

--For the "large" country case, whose terms of 
trade are dependent
 
on quantities traded, border prices would be replaced by marginal 
revenues.
 



II 

P = domestic consumer price

C 

t 
p 
= tariff as proportion of domestic producer price 

t = tariff as proportion of domesLic consumer price 
c 

I = price elasticity of domestic supply 

V = price elasticit of domestic demand 

V = value of domestic production at domestic price 

V vawlue of domestic, consumption at domestic consumer price 

b 
= 
Qd quantity consumed at border price
 

0c = quantity consumed at domestic conn',mer price
A 

This static framework and the simple form-'iae can be used to estimate
 

the following effects of price interventions:
 

change in domestic production
 

change in domestic consu ?tion
 

change in imports/exports
 

net social loss in production
 

net socia] loss in consumption
 

total net social loss
 

income gain (loss) of producers
 

income gain (loss) of consumers
 

change in government revenue
 

change in foreign-e:.change earnings
 

In general terms, the agricultural sector i, developing countries often 

is being taxed through the price distortions that result from market inter

vention measures. As a result, these count: ri.es produce less and consume more 

than they would in the absence of the price distortions. 
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Trade and foreign-exchange effects depend on the combination of produc-

Lion and consumption effects. In the case of food conunodities in developing 

countries with nomial. protection coefficients (NPC) less than 1, imports are 

increased by the sum of the absolute values of the production and consumption 

effects A/ In this case the government is providing an implicit subsidy for 

domestic consumption. Similar] y, for exported commodities with NPCs less 

than 1, exports are reduced. In contrast, for export coimuodities with NPCs 

greater than 1, export subsidies are necessary to bridge the gap between the 

higher domestic price and the export price. 

The estimated net social losses in production and consumption depend 

Linearly on the pri.ce elasticities of demand and supply and quadratically on 

the domestic-border price distortions. These effects can be large, as high 

as 10 percent of GNP (World Bank, Price Distortions in Agri cu.Lture). 

FrcquecntLy, the internal income redistributive effects are even larger 

nd possibly of more direct concern to policymakers. The framework sketched 

above gives estimates of the redistribution of income between pr",l,:e.rs and 

consumers and the impact on government revenue (eqs, (3), (4), a.nd (6)). 

Consumers in developin g countries generall.y gain from the p, ic it cventL .,ns. 

The losses to producers can be rVgarded as .mpl i iL ttaxes on .mricumur 

The effects on government revenue and foreign-exchange earnin gs are alIso 

importalnt to governments. If the government-revenue effect is positive, then 

an objective of government revenue generation is implied. If it is negative, 

presare to design a price/trade policy regime to lower governments costs may 

NPC I + P - rP
 
Q1)
r ic 

where P = domestic price, Pb border price, and r =official exchange rate. 
P 

http:pr",l,:e.rs
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arise. If foreign exchange is being lost, a foreign-exchange constraint on 

overall investment and development policy may be aggravated. 

In considering goals, it must be remembered that costs and benefits 

of price interventions are not shared equally )\, all prci.ducers and consumers. 

Where food production is taxed, thus subsidizing consumption, the income

transfer effect represents a larger percentlte change in the real income of 

low-income families but a Larger absolute change in the real income of higher

income families. (Mellor) Where producers receive income gains via such de

vices as price supports, input subsidies, government purchases, an! tariffs, 

large farmers utilize most of the subsidized inputs and market most of the 

price-supported output. Thus, price interventions not only transfer income 

between producers and consumers as a group but also affect income distribu

tion 	within groups. 

The partial-equilibrium framework presented in this paper does not con

sider the effects that price distortions have on agricultural productivity, 

capital formation, adoption of technoloby, employment, and migration. These 

longer-term, dynamic effects are possibly even more critical to the compati

bility between instruments and objectives of government policy than the im

pacts identified enrl. Ler. Through the growth process, they have many profound 

influences on the evolution or the economy. Extension of plicy analyses to 

these long-term objectives is necessary to present a partial, confusing, and 

conflicting set of policies from amerging over time but difficult with exist

ing 	 theoretical toots and data availability. 

Choosing goals and specifyi,., ope rational, measures for goal achievement, 

therefore, is seldom an easy task. It is unlikel v for most policy problems 

that the objectives are simply and directly given. And when different offi
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cials disagree, the analyst must help the decision-makers clarify their 

objectives before lie can assist them in detzermining which puliicy to select.
 

Analysis can contrI-ibLite to goal clarifi'iti 
 o illsers I .ways
 

1) by showing whether or not 
 some objetLive is feasible,
 

2) by revealing conflicts among objectv -e-;, and
 

3) by identifyinig 
 policy means that favor several ob.-ectives. 

Indeed, this process of goal cacl'if at ion may even hellp firm up goals. 

As noted by (Quade, "...knowing what can be donr may be extremely helpful in 

deciding what one should try to do." (p. F4) 

As previously stated, policy analysts are most often faced with multiple
 

objectives rather than a single objective whose obtainment is the unique meas

ure of success of the policy. The multiplicity of objectives poses no add;

tional probl Iem only when the goals can be compared through the use of a 

cominon unit of measurement of achievement. For example, if all objectives 

can be related to money costs and benefits, then a cost/benefit analysis is 

feasible. Otherwise, the noncomparability of multiple objectives must be 

lealit with in some other way. 

The appro;ach most directly comparable to optimization with a single ob

jctive is to establish a system of weights and structure the problem as one 

of vector maximization. MultiatLribute utility analysis is an example (Keeney 

aind i{aiffa). Conistruction of multiattribute utility functions involves: 1) 

identifying objectives, 2) defining performance measures for each objective, 

J) deriVinl g "l ii i.i1viri.ate uLilit,, funcLion for each performarce niea ire, 4) 

dctermining the rel.;at[onship:s among the performIancc maslre, 5) speci i ying the 

hinctioimi. torm o1 the multsiatiurfi)Lute uti liy[ r.l ion , ai,dl 6) solving forI tLhe 

s;i. lig constants assuc ia :ed wi. th each attribute. The r.s, Lt is a utility 

tulinct ion of the forill 
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U(X) = Z kiui(Xi)

i 

where U(X) i.s the multiattribute utility function, that depends on the utility 

functions, ui, for the performance measures, Xi , and k. are scaling constants. 

This function incorporates the subjective risk perceptions of decision-makers 

and uses their preference structure to enforce comparability among the multi

ple cbjectives. 'thus, the tradeoffs among various objectives are implied by 

the form of the utili ty function that emerges. 

A second approach is to order the objectives lexicographically and then 

optimize in sequence. After the objectives are ranked, an "optimal" solution 

is obtained with respccr to the highest-ranked objective. Next, an "optimal" 

solution with respect to the second objective is Pn ,h. under the constraint 

that the first objective is held at is optimal level, and so on for the 

other objectives. This approach assumes that after the higher-order objec

tives are satisfied to the fullest possible extent, there is still room for 

choices that contribute to lower-order objectives. If this flexibility does 

not exist, then the analyst can only explore the tradeoffs that are possible 

by deviating from optimality with respect to the priority objective. For 

example, a policy-maker might be told that a country's se.lf-su ftLciency in 

foodgrains would have to fall by X percent and prices to consumers rise by Y 

percent if government expenditures on its grain management program are to be 

held to Z dollars per year. 

A third approach is to specify minimum levels of performance for certain 

objectives and use those level s as constraint: will I.e searching for optimal 

policies with respect to one or more other ob.]cttives. This approach at least 

keeps some objectives from simply being ignored without making the analysis 

hopelessly complex. 
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As a general rule, the more objectives that are considered and the
 

more that distributionaL implications of 
 policies are taken into account, 

the more difflIicult it is to oh Lain practi: cal and acceptable weights to use
 

in resolving cunfliCLS among object-ive, . A solution is 
 to simply present 

a "scorecard" of significanL po!.icv impac ts, each measured in its natural
 

scale. Ln L is w.,v, a broad spuct:rum of good and had impacts can 
 be provided, 

along witli an i.ndic/,,.ion of which groups get the benefits and which ones pay 

the costs. 'This ,method for presenting results is discussed more fully later 

In this chap tar. 

[dentifying the Altrnatives 

If the goal o policy analysis is to help a decision-maker choose a 

policy, then it follows that identification of the set of alternatives is of 

consideral)le importance. No process of analysis wi].l lead to the best ilter

natliv if it is not included in the feasible set! Thus, an important respons-

Wbi. l ity of the analyst is to search out or design a broad set of alternatives 

for analysis. 

The searvh for alternatives is a creative act not subject to hard and 

fast rules. No general answers are possible to questions about how alterna

tiveo can be identIflied or designed. Or, how many should be analyzed in depth 

and in what sequence? 

Several factors tend to restrict the range of alternatives that decision

makers may wish to consider. The first is the conservative and parochial 

attitude of many officials and institutions. Maintaining the status uo and 

11ot considering alternatives that active.y involve other institutions both 

serve to limit possible courses of action. 
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Another quite possibly serious limitation on the range of alternatives 

has to do with ideological considerations and political feasibility. 

Decision-makers may simply refuse tc consider certali alternative on ideo

logical grounds, or feel. hat others are politl.icaly tnacceptable to higher

level decision-makers, pressure groups, or the electorate. It can be unre

warding--even hazardous--to analyze unacceptable alternatives. Yet, what is 

not acceptable today may become the priority policy tomorrow! Moreover, 

without considering infeasible alternatives now, how will the social costs 

of the poli.tical restrictions ever become known? (Quade, p. 30) 

These problems are part or the broader dilemma over role facing policy 

analysts. Should they onLy analyze marginal changes in policies within a 

given political/institutional context? Or should the basic socioeconomic 

structures also be considered as policy instruments? Most of the tools avail

able to analysts operate on the basis of given technological and institutional 

structures. These tools are only able to estimate the effects of changes of 

policy instruments within the given structure. Only rarely can they handle 

questions of structural or institutional changes. Fur this reason, policy 

analysis is likely to have an inherent conservative, status-quo bias. The 

result may be that analysts consider onl.y ilmited policy alternatives and 

neglect the very structural and institutional changes that may be required for 

equitable agricultural development and reduction of rural poverty. 

Comparin_ the Alternatives 

The core of any policy analysis is the prediction of the consequences 

that follow from the choice of various policy alternatives. For this purpose 

an analytical framework, or model, is needed to tel, us what impacts will re

sult, and to what extent the objectives will be realized, if a given alterna

tive is chose for implementation. 
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On the question of models, modesty is wost appropriate! No model, nor
 

any series of models, can incorporate all aspects of real 
world situations
 

that are of interest to decision-makers. 
The validity of predictions from
 

models depends on crucial 
 ucertinties and unfforeseen exogenous circ umn

stances. Our current capab ility 
to design reliable models that 
can accurately
 

predict consequences poi.
Icy choices is .imited, especially where Long-term 

dynamic impacts are at issue. 

Models used for pl.icy analysis range ftrom verbal to mathematical, from 

simple to complex, from micro to macro, from staLic to dynamic, from deter

ministic to stoclastic, from accounting to optimizing. Agri.cultural produc

tion processes have several well-known characteristics that compi 
 icate the
 

modell-ing process. Thlese include spatial di,cpursin, biological and weather 

dependence, and a large number of small-scale decision-makers. Such coma 

plex interactive and interdependent system ol)viously operates dynamically and
 

stochastical.ly--a model 
that fully. represents such a system is necessarily a
 

dynamic and stochastic systems model. Continued efforts to 
construct and
 

apply large-scale sector-wide simulation models are 
feasible and desirable.
 

They are 
Likely to be fruitful as sources at knowledge about the operation of 

socioeconomic systems, as fertile seedbeds of improved methodology for smaller 

scale modeling, and ultimate.y as usefu' simulators for direct policy appli

cations. 'This conclusion, however, does not imply that large-scale computer
 

models of 
some type should be the immediately utilized in all LDCs. 
 Their 

high cost in terms of human, financial, and time resources--and they are ex

pensive tools--must be given explicit recognition in undertaking poIicy analy

sis work. Choices of approach and models should reflect:
 

1) clear formulation of problems 
to be analyzed and specification of
 

purposes for which the model will be used;
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2) quantity and quality of human and finanial resources available; 

3) quantity and qualily of data available or feasible to collect for 

verifyinrg aLd Va i da Liing eirmodel ; aid 

4) needs and requirements; of decision-makers intended to be aided or 

influenced by the analysis. 

Models, then, are the means of generating information about the conse

quences 
 of choosing a pilicy alternative. In trying to expLicitly examine
 

multipl.e and confl.icting objectives, 
 a wide range of policy alterna tives,
 

distributional 
 effects, and uncertainties, the danger is that the model will 

become distressingly complex. To avoid this pitfall, some decision analysts
 

suggest that deci sion-makers be led 
 through a s;equence of models of increas

ing scope and compiexiLv. The problem is to balance simpLicity and realism. 

if a model is too simple, it may lack credibility and explanatory power. If 

it is too cormplicated, it may no longer be a useful aid to understanding by 

decision-makers. In practice, it will often be desirabLe to use a series of 

models, each increasing.ly complex and realistic. In this way, a decision-maker 

may he motivated to re spmd tro th ,"utput of a simp.c model by asking just the 

types of questions that can omlv be answered by more complex ones. 

The basic purpose in using models in policy analysis is to assess tire 

effects of a changed policy sit uation so that predic tions can be made about 

the likely consequences of the policy action. A "comparative statics" approach 

is the most common. This type of ana lysis involves three steps: 

1) obtain a mode[ solution under the existing policy situation,
 

2) introduce a policy cmange and 
 obtain a new soluti,'.i, and 

3) compare the two static solutions to determine the impacts of the 

policy change. 

http:increasing.ly


21
 

The two main problems with this approach are 
first, the validity of the
 

model in capturing the main aspects of the real-world situation, and ;econd,
 

the ixtent to which relevant impacts are reflected in the model results. 

This means that it is important to construct a model that is both sufficiently
 

realistic with respect to 
the modelled economy and sufficiently comprehensive
 

in terms of modelled impacts.
 

If the purpose of policy analysis is to provide quantitative measurement 

of the effects of po]icy alternatives on multiple economic and social objec

tives, then there is need to capture the socioeconomic relatiofships in the 

sector in formal analytical models. Notwithstanding this need, time and 

resource (both human and financial.) limitations often do not permit the im

mediate development of a formal model. 
 As a result, analysis may involve 

slhort-term, policy-oriented studies based on limited data and heavy dependence 

ON qual tative approaches. Alternatively, partial ;approaches may he taken 

Liht increase the use of quantitative methods but limit the scope of the 

studics to spvclfied products, regions or economic .impacts. 

Where po lkyv studies of .imited scope and quantitative content are under

tu 'n, their tel, l .'lshipto a long-term analytical approaech to the entire. 

"t,)r could b 0la iijte f., 1roum t he ver-y lgin! Ig:. hills, ,i:t partial or 

qnoli.t t ii lsin-; be ,rien udanea cain t, an ove tall sector-analhyti framework 

,lot relation hi p and interdependencis can ut.[imatelv be ide.ntified and 

,ilupL ified. S; -tiiarm and h;eutor studies, then, could lead in Llime to a 

m.,dhe] of a sector Li,,t dlinus the economi: st.ructulre and relationships of the 

,;',t;[uli, introdue:; p1I icy jIst rum nt', and evA I Ntps a lt urlm tive pl ic i s, 

pcogr;ims, and projeciL.- in ter msn:-;0t I1ul tip I ,i, 'ni, ,d ' ,oji,)l od :q. In t.his 

wiy anailysots can s lly incrcn.s their cipal ity Fr :;;isting, pili -lkers in 

na uect .ig, L h i s C v I. m ttnaLt h co ntr h u : e ,st t o p r io r it v g a l s .,I .i.] l v e )1t m15o 
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Interpretin8 and Presentirg Results
 

In a simple world, ducision-makers would be faced with choosing one
 

alternative from a limited and explicit choice set based on a single criter

ion. Under tho.L circumstances, analysts could easily rank the alternatives 

according to the agreed-upon objective. The approach of constrained olimi

zation would be appli-cable. This could involve either fixing the level of 

goal achievement and ranking alternaLives according to their cost or fixing 

a level of cost and ranking them by their degree of at tainment. 

Benefit/cost analysis can be viewed as an example of this approach. The
 

use of monetary valu' 3 provides a unit for quantifying benefits and costs.
 

Tihe comparability of benefits and costs makes it possible to trade off one
 

benefit for another and look for the "best" alternative. The main difficulty,
 

of course, is in capturing the relevant costs and benefits in monetary terms.
 

Even where benefits and costs can be successfully quantified, the rank

ing of the alternatives may not be straightforward. Assume that the benefit/ 

cost comparisons for two alternative policies are as shown in Fig. 1-1. In 

this exampLe, point A cannot be attained and point D is inefficient in benefit/
 

cost terms. Which policy is "best?" That depends on other considerations.
 

If B2 is specified as the min [mum acceptabl,e level of benefits, then Policy
 

1.1 is the only feasible choice. Similarly, if C represern t a fixed budget, 

thon Policy I1 will. provide more benefits for this expenditure than Pol cy 1. 

However, if the objective is to maximize the ratio of benefits to costs, then 

Policy 1 is preferred (point E). 

In pract iA.ce,however, goals are usua lly mutl tiple and not all costs and 

benefits cm be Lxprcssed in dollars values. Moreover, as the anavsis he

comnel more comprehaen-si ye, more decision-makers, exeutor agencies, and socio
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Fig. 1-1. A Benefit-Cost Comparison of Policy Alternatives 
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economic groupn become aware 
that they have an intercst in the decision to
 

be made. 

For this reason, and also to gu.ird against recommendations that are 

biased by what tile analyst feels should be done, the best !cheme may be to 

present a "scorecard" of the impacts of the al ternatives and .leave tile rank

ing problem to the decision-makers. A matrix '.ike the f1o1]owing could be 

util.zed for this purpose: 
Policy Choices 

No Alternative Alternative Alternative 
Impacts Change I 11 Ill 

Production
 
imports/exports 
Consumer prices 
Producer prices
 
Government expenditures 
Producer income 
Consumer expenditure 
/ change expenditure of 

low-income consumers 
change income of 
small farmers 

(overnment costs 
Ease of implementation 
ELmpl.o ymen t 
Nutrition of low-income strata
 

This approach places the emphasis on a full display of the consequences 

of the policy a] ternatives--costs, belefits and their distribution, qualita-

Live as well as quantitati-c I-t s,)uld be accompanied by a frank iidica

tion of how uncertainti.es could affec the various impacts. This will. per

mit decisie-n-makers to ask "what if" questions which, when answered by tile 

analysts, may lead to the design of otIr al.ternatives for analysis. 

Uncert.ai ity is an aspect of policy ;anillvsis t ha t is bot h prev;l ent and 

I ird to hanld.le. It is usalI. to di1sti ngnui sh ,tw, n ,ilcer tain .eventsthat are 

.;Lochasti-c, for which all possible outcomes are known Logether with the prob

http:hanld.le
http:Uncert.ai
http:uncertainti.es
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ability that each will occur, and those for which the probability distribu

tions are unknown. In the latter case, even the full set of possible out

comes may not be known.
 

Another useful distinction 
 is between environment~l uncertainties-

those under the control of ni ture--and strategic Licertainties--those due to 

ignorance ab"ut he actions of decision-makers. (Quade, pp. 21.4-7) 

Formal techniques for decisions under uncertainty are described in an 

extensi; li For purposes of this l'hl],].iterature. 
 thtree admonitions are 

of fered: 

.) 	 Make extensive use of sensitivity testing to examine the effects 

of ignorance about response parameters, environmental factors, 

and preferences. 

2) 	 Provide information from a "maximin" perspective; that is, what 

will happen ,,nler the assumption that the least favorable outcome 

occurs in every case; and 

3) 	 Look for alternatives that have a clear advantage over a range of 

uncerf_rtais and strategic considerations ra ther than concentrating 

exteliS vily on how much better one alternative is than another. 

Given tle imLtations of the models, data p roblems, and the many uncer

tail-eiue, there are importaint inturpreLations that Ilust be made after solu

ti s are , I)tLined cf,)re resu'ts have information value for decisioi-makers. 

Analy st.s ntUSiL Make tLtos;_ InterpretLtions in terms such as, '"'i.s is wlia t tite 

model predietu will. itppen if tiflS 1i)o 	 icy is adopted, and i i:; is wh y . Oil 

tis. bas is, thesu tre my ,:on:lu -;iois. ,b uLotthe aI te'nati. e pe 1 i v, v c cit." 

Dec isi on-makers bring their iit a judgmerit and ,xperience, the it tespon

sibi. ibties, the-ir istitutional perspectives, id other intormat itn ava;llhile 



to them, to their evaluation of their decision alternatives. If they desire
 

accurate information on the likely effects of po]icy chaiges, how will they 

decide whether or not LO accept the infor!iaLion provided by their anolysts? 

Generally, decision-makers cannot be expected to have a technical under

standing of the structure of a wodcl, the theory and assumptions ou which its 

structure is based, or tile methods by which predictions are made. Conse

quently, the policy-maker is more likely to evaluate the analyst than the 

analysis. It is Ior tills reason chat a carelL1 interpretation of the results 

of the analysis is required. Since policy-makers are likely to rely on 

sources that have proven reliable before, a!nalysts who want their results 

accepted :siould avoid acknowledging unrealistic assumptions, unreliable data, 

and untested results only in footnotes, thereby passing the responsibility of
 

validating the results to the user,;.
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Iml ementat ion
 

Even when the alternatives have been compared and a decision made 
to
 

adopt one, considerable analysis may be needed in readying the chosen alter

native for implementation.
 

For example, once a decision to implement a price guarantee-purchase
 

program has been made, questions about the leve of the minimum price guar

anLtee, how purchase will be made, availability and cost of storage, and many
 

other factors, will arise. For some of 
these questions, further analytical
 

work will be required. Moreover, careful thought should bw given before ia

plementation to collecting baseline data that 
can he used later for evalua

t ion of the policy. 

Analysts may also be called upon to assist the decision-maker in inter

institutional negotiations required for getting his policy .hoice accepted.
 

i. this context, information may be used by a decision-maker more to strengthen 

nLs bargaining power with hiigher authorities or related agencies than as a 

basli.s for deciding which policy to choose. 

-mpLemenLtLioi"ius noL follow automatically once a policy has been for-

MnUlated. Indeed, problem,,s Withli policy iUmplemnCLation are widespread. In 

many countries, for vxample, price guarantees are announced but actions to 

implemnt the iequired purchases are insufficient. As a result, prices at 

iarv:st Fill well below the announced level. Or, retail price controls are 

Placed on a food commodity. If implementation is inadequate, actuall prices 

m'y go up whemn they are cont lrJ.] d 
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How and to what extent should policy analysts consider likely difficul

ties in gaining acceptance for, or implementing, a given alternative? 

Clearly, some policies have a better chance than others of acceptance and 

implementation, another important category of uncertainty to take intc account 

in evaluating alternatives, Analysts may not be in the best position to 

assess that uncertainty. But as a minimum, if the analyst believes that a 

policy will encounter trouble in being accepted and successfully implemented, 

he should point Ahat out. 
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Evaluation
 

The purpose of evaluation is to measure the extent to which an existing 

policy is fulfilling the objectives for which it was chosen. However, the 

concern is less with a purely ox jost assessment than to suggest changes ill 

implementation or that a new policy be formulated. 

The ideal evaluation is to be able to say what happened that would not 

have happened if the policy had not been implemented. A "before vs. after" 

comparison is a common way to approximate the policy impacts. However, to 

establish cause-effect relationships, it is necessary to compare what actually 

happened to what would have happened had the policy not been implemented. If 

a model was developed for the ex ante policy analysis, then actual ex pQst 

data can be compared to estiumted data predicted by the model run without the 

policy change. A major problem with this method is how the influences of 

changLs in other factors than the particular policy choice can be taken into 

acCcoun . 

Ana lysts may encounter resistance from executor agencies in the evalua

tion process. Most administrators will agree that the principl.e of evalua

tLon is good but many feel threatened when their own operations are eva luated. 

Even when tMe stated pur oso is to improve policy formulation and implementa-

Lion, the mere mention of evaluation can cause difficulties in obtaining 

access to data. This, p.us the perception of many admi nistrtors that eva l

nation uses scarce resources that are needed for implemontat ion, may well e.

plain why cValuat Win ac Livit Vs are al1most Mwii ." 401id u."1. , iiidt frtq llnt 1y 

superficial. InIeV often amount to littl.e more tan ;NI ump;lrinon of pLanned vs. 
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actual performance. Such evaluations describe the policy implementation
 

process but reveal little about the impacts of the policy--the extent to
 

which it is attaining its goals and what other spil.lover effects are occur

ring.
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Summary: The Process of PolicyjAnalvsis 

The main elements in policy analysis discussed in this paper are sum

nmarjed in Fig. L-2. Analysis 
 moves Logical iv f-ore goals to alternati[es to 

consequences to choices. Because goals are so often mullipLe and ill-defined, 

and 	 because there are so many possible impacts, the ones to be considered 

must 	 be clearly identified. Then, once a reasonable set of alternatives has 

been defined, the idea is to predict their impacts. This may Luad to rede

signing 
 the alterrnarives among which the decision-maker will choose. 

Once 	 a pol.icy choice is made, analysts can assst in getting it accepted 

and 	 instrumented for implementation. Evaluation feeds back into each previ

ous 	 element. Its most immediate application is to improve policy implementa

tion. But evauacion may reveal, dimensions of policy performance that alter 

the comparison oc design of alternaLives. Indeed, as a result of impr;ved 

understanding as to how policies influence the socioeconomic system, it may 

become feaible to estiablish goals or identify additional impacts to take 

into 	account. 

In reality, the process is seldom as orderly as presented here. Success

ful analysis is less of a discrete activity than a continuous cycle of selec

ting 	objectives, designing and comparing alternatives, building better models, 

etc. The extent to which tiLe quality of the information produced over time 

by this process improves will be determined by the degree to which policy 

ala.ysis capabi Li.Lie.Ls are developed, supported and mainLa ined. 
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Goals and 
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Designing Comparing Acceptance 

Alternatives Alternatives ,and Evaluation
 

Implementation
 

Figure 1-2. Process c!f Policy Analysis
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Data and Information Systems 

for Plannini and Policy Analysis 

Information about food, agriculture, and the rural economy is needed in 

all countries to formulate and implement government policies and programs 

and to manage public and private resources. Public data collection is as 

old as institutioni11zed governance. Census-taking is: been common since 

early civilizations. The use of formal statistical methods [or data gathering 

goes back at least to the second half of the 19th Century. 

As governments have extended the scope of their interventions in the 

economy and set diverse and more ambitious goals for soci 0cuonomic development, 

demands for more extensive, relevant, and reliable information have grown. 

Ln response, data col.lection activities have p rol iferated in every country. 

The data produced, however, are not necessarily information. All measure

ment of real-world phenomena produces data, but these data aire rarely of much 

direct use for decision-making and managing resources. For those purposes, 

data must be transformed so that it is useful in a particu l ar context. Data, 

therefore, are not: information in themselves, but ra ther raw material from 

which information can be produced. Many statistical Lechniques are used to 

transform data from its raw form into information that can be used for 

decision-making and manageme.. 

To be useful, information must be timely, reliable, and relavant to an 

identified problem or decision at hand. Time assumption that more informa tion 

will lead to better decisions is implicit in this statement. 
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Collecting data and producing information are expensive processes. 

Persornel required include statisticians, enumerators, coders, programme.-s 

and analysts. Computers and other hardware are needed to proces; the raw
 

data. Transforming the data into information can be cos;tly in 
 terms of human 

and financial resources. Dissemination of the info rmation to users can also 

be difficult. The aggregate of all resources required for gathering the data 

and providing information can be considered at the cost of hlie information. 

It is less simple t" clearly identify tie Va I up Of the information. 

The goal of information is to improve dec ision-malking. ThatL is to may, de

cisions are more Likeiv to be "right" or more apt to produce desired results. 

Conceptually, the value of a unit of information is the improvement in deci

sions attributable to its use. (Operationa.lly, n.ither the units nor the 

gains are uasi]v evalnated). As such, the benefits of information are related 

to its relevance, its reliability, and its timeliness. 

The collection of data and production of information that is not relevant 

to decisions wastes resources. It uses resources without returning any gain 

in terms of improved decision-making. Reliability is also important. Unre

liable information does little to improve decisions. Finally, information 

must be timely. it loses value if made available only after a decision has 

been made or a management option implemented. 

In all countries resources that can be devoted to data coll.ection and 

information generation are limited. it is important, therefore, to consider 

which types of information are needed by whom and for what-, so tht the infr

mnation with highest vilue ca;n he produced. FurCthermore, since abs"i, te accur

acy is impossible, decisions must be made on the degree of rel iabilitv needed 

in relation to the cost of achieving it. 
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Information and the Planning Process 

In the previous section informaLion has been linked to policy and manage

ment decision-making in an input-output sense. Decision-makiLng in an economy 

is both public and privato. In a management context decision-making is con

cerned with the formulation, implementation, and evaluaLion of policies, pro

grams, and projects. It is the responsibility of ti decision--makLng member s 

of tie polILL.al-adminisrILive system (Fig. 1-3). iDecision-making, withiin the 

socioeconomic system (i.e. the eL"r"my) is private. It islargely carried 

out by firms and households, the economic units responsible for production 

and consumpti on.. 

T e ain produLt of the planning-policy analysis system is itpformation 

Ior us;e in p ublic and private decision-making. In the public sector this in

cludes identification of alternatives, the likely conseluencces of those alter

nAtLivtS, and information to support the implementatLo of selected a 1terna-

L iv-es. ImpLuemu:ic ed policies, programs and projects ace the means by which 

p, litiial dcis.i on-makers influence performance of t he socioeconomic system. 

( iCA) 

In generating information, the planning system uses data gathered from 

tie scioeconomic system and ideological guidance n relevant alternatives 

oibtalined from the political dcision-makers. These data will also contain 

iI)I'natuiVi hrluoriuL:.t.in "o Vilnes and goals witlin the tc ioeconoilic systenr, 

.i'n. ch ris r',,:auu LcL.;ru directly L) pul~icy-makcrs through p" 1it ical prusure 

adt1 parLiciiaLorv activities. Tli extent ti5 munnicaLioUn, ti.of a anid de

4retu to which it infLuences thie ideological positt ion oIf tihe government, de

http:hrluoriuL:.t.in
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pends onl the political system of the country. The main point made here is 

that the central role of the planning-policy analysis system is the creation 

(f informati on for decision--making. The uyriad of data gathering and analy

sis activities in any country are the means by which tLhese informati i flows 

are created. 
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Data Systems
 

Choices of variables to be measured and the units they are to be meas

ured in are a prerequisite to measurement. The direct product of 
 the meas

urement process is data. As previously discussed the quality of data can be
 

evaluated using criteria of accuracy (reliabil-ity), relevance, and timeli

ness. 
Another important data quality charicteristic is consistency. 

Data are said to be consistent: 

1) When a variable is measured in the same way over time: 

2) When different measures of the same variable give comparable 

results; and 

3) When measurement of the individual components of a variable 

equals the tota] as measured directly. 

Each of these aspects of consistency are important but not easy to 

achieve in practice. 

As previously noted, perfect accuracy in data collection is not possible. 

Bias and pryeision are two dimensionis that dete-mine data accuracy. Bias is 

defined as t he d IfI urence het .een t hc stati;tica I expected val.ue of a measure

ment process and t he unknown a c Lttat.1 value of tlhe variabILe. Mue measurement 

procedure i.s to un b iased ere nce issaid he it that diff zero. Thus, bia;s deals 

with the colicepLt l outcoet ef a [lmeasu cnrent- process i nrepeated comparison 

to unknown true values , and says li t aa.)bouta single measurement. Lndeed, 

if the true value i.s known, an esLiMate is innoecessary and bi as is not a 

problem. Precision refcstorn tLhe variahiiity in r'peated mie;ts-relmeiit.s of the 

same variabl., .High precision indicates that repeated ncasu rerent will give 
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values that cluster closely around the average, which, if there is no bias, 

is equal to the actual value. In this case, the greater the precision, the 

less an estimate is likely to diverge from the actual value of the variable. 

Timeliness and relevance are less statistical in nature but no less 

important for the usefulness of the data. in most countriea, the value of 

data could be greatly enhanced by more attention to these two criteria. 

Data systems are increasingly subject to obsolescence where the data 

bting collec ted no longer give realistic or relevant information about real 

probl]ems of the economy. Obsolescence may arise either from changes in the 

varlables being measured or from shifts in problems and policies. If the 

variable change but no changes are made in the operational definitions of 

measurements be ng made, the data system will be r-'lecLi ng a revlity that no 

longer xits. Line; a0 policy-maker is faced with a new probl.em or conge Each 

-idor; a new policy option, it is essencial to determine whether the present 

da L system is supplying the raw data needed for analyzing it. The process 

of Adjust int the data system to ma'e it more relevant to current policy con

.:rns and cunttmmprary socioeconomic real] ty is a continuous and unendinig one. 

In a world oi chin gu, data needs also change rapialv. For this reason, it is 

just as important to keep an eye on the changing nature of the queti ons as 

to focus Ol LLformation needed to answer yesterday's problens, 

http:probl.em
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Data, Analysis and Users
 

As emphasized earlier, data are not information. Information generation
 

is a process that impose form and gives meaning to data. Data becomes oper

ational as information only in the context of some analytical information
 

process.
 

An information system not only produces a data base through a coordin

ated statistical servicing system but also analyzes and interprets the data
 

for purposuful problem-soluion and policy decision-making purposes. The de

mand for data is generated by the need for information for use in making de

cisions. Policy-makers seldcm use raw data. RaLher, there are intervening
 

, ts of analvsis and inLerpretation by policy analysts. Lt is the data needs 

of these analytical activities that should guide the design and production of 

data, for the empirical content of the policy analysis depends on the avail

ability of appropriate data. Statisticians alone cannot design r'! data sys

tem if it is to be responsive to the analytical framework used to help solve 

decision problems.
 

What i,formdtion does a country requi:e to implement pn licies, program., 

and projects that wil increase agricul.turai producti.on, incomes, foreign 

exchange earnings, and contribute to other objectives? What facts do planners 

and policy analysts need to generate information for dci sion-makec: and how 

can these facts be gathered in a continuous, consistent, and timely way?
 

More precisely, when the pullpo iN, Lo improve em..:is.;ig data on] I :t~ion .20

tivities, the mosLt ImpormnL qUsLtion is abot miun tnutdatL nt:ds of[ the ana

lysts and the most cost-eLufctive ways of Mceting Lt ;oS needs. It is easy to 

http:producti.on
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determine the many needs of planners and analysts, but less simple to assign
 

priorities to different 
types of data and a.lternative actions to improve the
 

data system. 

Ln the information sysLem, the users of the data are the planners and
 

policy analysts. In turp, the users of the information produced by the ana-


Jysts are the decision-makers--individual, 
local, regional and national. The 

most cffcctive route to the bettcr product:ion and utilization of infformation 

lies in developilng improved capacity for i nformat: ion ,eneration and del ivery, 

i.e., capabilities for planning and policy analysis. 'lThis requires staff, 

facilit ies, lnld stronge r Linkages between analysts and decision-makurs. lIt 

is a long-term pro(ces:s involving training that must take into account the
 

natioinal institutional 
framework, human resources, and technical capab:ilities 

Ior dati handling and analysis. 

l.l)Cs alruady spend large sums for this purpose often encouraged by inter

na tion,. agencies and other donors as well as by internal needs. Costs for
 

,rgc-scrale dat:a collection are rising rapidly. 
 Unfortunately, much of the 

d (, coi lected is not very usefuL for the pur suit of development goais. The 

2111), ration of analytical rameworks that indicau the stec if.c kinds of data
 

that are needed 
t produce the annaLyses required to supporL decision-making 

would permit LDCS to, pinpoint More precisely their data requirements. This
 

could increase the actual yield from expenditures on data.
 

Compai I.e t the data LI)CsI case, (and aid agen(cies) utilize surp r Lsingly 

lrge amnoltiLs of money i n a discrete series of poorly vrelated, low q ialiLv, 

hllt-.hot , stairt-ad--:;tKop ,aalysis and p1lamin fimurrs. I i y-nma-,, t nd 

to, doma1amd q 'lik r L.)'.t po licy iad prg)ramil i (Jlt que.5;ti,115,, which i, oftL., 

itCe ;: V but wihich ,I1mu tan oft en produces inah.,quwt. iO: ':evr'; due to a Iaac
 

A N q;ste I C aaa's;iN of Lmc l)(:tl iini factors h),'pers:-;nonlm traiiled to do 
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it well. Usually this analytical capacity cannot be created quickly, or even
 

in several years, so that higily subjective methods are applied by inade

quately prepared LDC personnel. Tis description too often applies to much 

of the analysis done for project selection as weli as other policy work. 

The reliability and usefulness of the results are often comparatively low, 

even when professionally competent foreign advisors are involved. As a re

suit, the support for policy analvsis, and sec tor planning in general, is 

damaged so tLat it becoies more difficult to obtain resources for the longer 

term and the more systematic analytical approachI that is needed. By gradu

ally buil diLg up, keeping current, and improving a suitable array of data 

sets and models of agricultural. sector and rural development processes, the 

costs of responding to short-term analytical requirements of policy-makers 

mnd plaiiners can be reduced and the quality and consistencv of responses much 

improved. Costs are reduced because dnlication of lorts to bu. id the data 

base for ac. analysis is avoided, the anal, ts tlmemselve-; are bet ter prepared 

for their tasl, and the results are not left aside after their immediate use 

bqt contribute to later analysis in a cumulative fashion. 
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Data Needs for Planning and Policy Analysis 

Planning and program management activities in the public sector rely 

heavily on quantitative information about the socioeconomic system. Thus, 

the extent and quailitv of statistical information is particularly important 

to those responsible fur constructing developmant plans, conducting policy 

studies, and implementing pub.lic sector interventions. 

Often, the planner, analyst, or manager is not in a good position to 

evalut e criLiCatI y the data that he uses. Certainly his concentration on 

his immediate responsibilities, time limitations placed on his work, and lack 

o specialized expertise and experievce make difficult to carry deit out 

tailed evaluations of quality of the data he uses. Nevertheless, the validity 

of his results will. he strongly influenced by this qua].ity. This implies a 

need for the users to u as famni li ar as po:;siible with the source and character 

of available data, major problems that can arise from using them, and tech

niques useful for ovrcoming those problems. 

The search for relevant statistical data means that the users of data 

usually must maintiin close contacts with data producers. It is in users' 

interests to establish close links to data gatherers and processors not on].y 

to gain access but also to influence the development of data and information 

in line with their needs. Conversely, users also need to listen to the advice 

of statisticians and processors so that definitions, concepts, and classifi

cations are consistent between data generation and data utilization. 

DaLit-users can he classified in various ways. One classification is 

Ac tw:en governmental users and nongovernmental users (individuals, firms, and 
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organizations). Another way is to classify users by the functions they
 

exercise: planning and analysis, decision-making, implementation, and moni

toring and evaluation. A third 
 is to group users by levels in the spatial

administrative hierarchy of the econom-,: nat ional, regional, and local. 

The data needs of the various classes of users are naturally d.:fferent. 

Aggregated information on production income, prices, and other variables, is
 

essential at the national level 
 but of limited use at the local l.evel. Small

area data, on the oWher hand, may be superfluous detail for national users 

but highly relevant to Local decision-making and management. 

In shaping national data programs, it is important to consider both the 

overlap among users as well as the special needs of particular groups of users. 

In a systematic approach to data Uiprovement, data programs may be oriented 

to a considerabl.e degre, to those data whose use is most widespread, while 

at the same time prov ding for the special, data needs of th1e most LmportanLt 

user groups. The probl1em is to balance the special, needs of some users against 

those of ither Legitimate users. 

A good place to begin is a listing of basic data series needed along with 

an indication of the required f.equency of collection. In tie case of agri

cul.ture and I thc rural economy, the has ic data series shou.u cover the fo1low

ing 	major categories: 

1. 	 Land and water resources and utilization. 

2. 	 Production of 	 crops and livestock products: sales, aome consumption. 

3. 	 Population and iousehiolds in rural areas: employment, income, 

consumption, nut r it in, access to soc al services. 

4. 	 Farm organizati on and resource utilization; production sysLeMs. 

5. 	 Prices of products and inputs. 
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6. Marketing and utilization. 

7. Public sector institutions and programs.
 

A baseline assessment of the existing data base in each 
 of these cate

gories will reveal: 

a) areas where insufficient or poor quality data are hindering 

planning efforts, 

b) areas whvre data should be collected on a regular basis, and 

c) deficiencies in anaLysis and dissemination of information. 



45
 

The Conceptual Framework for Information Generation
 

It is impossible for any analyst or planner--and fortunately unnecessary-

tc perceive the real world in all its minute detail 
and complexity. Therefore,
 

what we can know of the real world is both limited and shaped by our percep

tions. These perceptions, in turn, are guided by the mental concepts we have 

of that real world. The coll ection of such concepts tiat we hAd, often un

consciously, forms the theoretical framework which acts as a filter for our
 

perceptions, and the process by which the theoretical framework is 
formulated 

and updated is theoretical conceptualization, a process which takes place 

both consciously and unconsciously. The theoretical framework for agricul

turaL planning limi.ts our perceptions of the reaJ world to those aspects of 

the soci.oeconomic situation having a bearing on agricul.tural public decision

making, aspects partly determined by the values of the decision-makers as re

flecaed in the government's doctrines and political ideologies. 

Since theoreLicaL concepts are l.argely hel.d unconsciously by most indi

viduals, md tend to b vague and possibly even inconsistent, it is necessary 

for ratioaL. and etctive pl anning thtt they he opera Lionali ,:ed in an expli

cit, comprehensive, and consistent frame'_.ork. Such a framework represents a 

systematization of ti information base Oa ;gricultural. p l.anni.ntl' and includes 

three basic l .
components 

Tue first component is N conceptual subdivision of the socioeconomic 

sysLem into relevant SUbjeCt or pol icy arcan. A se ond cwiponent ol an oper

ational framework specifie s the bruad goals ol al',,r Lint Lra] planning and, 

With re.spect. to the policy areas, the hierarc'., of .instrumentl objectives 
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and specific policy choices directed at the attainment of those goals. 

Thirdly, the framework identifies specific socioeconomic performance indi

cators to be measured and to form the basis for the eval utinn of the socio

economic situation, including the results of implemented policies, and for 

the analysis of policy options. There are many ways the conceptual framewcrk 

can be defined, depending on the country's political system and the govern

ment's doctrinal position. 

The ,cnceptual framework is a prerequisite to measurement, since it 

specifies the variables to be measured and the units they are to be measured 

in. By definition, the direct product of the measurement process is data. 

The data system is composed of not only the measurement process with which 

it is usually identi fied, but also the processes of theoretical and opera

t ionalI coaceptualization so fundamental to measurement. 
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SummarX: Data and Information Systems
 

To summarize this discussion, the five principal criteria by which a 

data sysLem can be evaluated are: reievance, accuracy, consistency, timeli

ness, and accessibility. The last four of these criteria refer to the three 

stages of the measurement process: data collection, data management, and 

data dissemination. The st.ructure and quality of data collection particularly 

influence the accuracy, consistency and vimeiiness of the data, while dat;a 

managemnent and dissemination bont contribtle to timeliness and accessibility. 

The relevance of daLa, however, depends on how we L] integrated the concept-

Lhlization proc2sses are into t.We data sstem. The most accurate, consistent, 

L.iM,',, aid accessible data ma'.' vet be useless for policy analysis if the 

measurement process has not kept up to date with current data needs as re

flected in the con eptul framework. 

DaLa--t m product o f mo.suirement--flow into and augment: the planning 

system's kno,.J.edge base of posit ive .,n'd normatLive data and information. As 

emphasized uar!rl;, thel dis tinction between data and information is that, 

while data repr.sntL tie raw resfult.s of m.auremenLt, information is the re

suit of procu'-;. ing ta.Lt data through Lntcipret: tion and .::nlyX'is . In a 

seise, we can conceive of a . inulii o Wr ratioin, w..'itih +0,1 l,.ted at the 

lowest end and th, t)lj nid unibolunided. Ai' pi.oc of im, mation, tli'l, will 

fall somewhere alWong that: continuum deneimm. g on the degree o- interpretation 

and analysis embodied in it. 

The pool of. p;it ive and n.ra tive diata ::ni infirmat ion is drawn opon 

by other users for planning, policy analysis, deo'ii"n-making, implementation, 
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and evaluation. In particular, information from the knowledge base is a key 

ingredient, along with the socioeconomic situation and the government s doc

trinal position, in updating the theoretical and operational conceptual 

frameworks which guide further perceptions of the real world and, in turn, 

further additions to the knowledge base itself. 
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CHAPTER 2
 

MARKET STABILIZATION AND
 

PRICE-SUPPORT PROGRAMS
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Introduction
 

As noted in Chapter 1, governments intervene in the price-setting me

chanisms for food and other agricultural products in many different ways and 

for various reasons. These interventions can cause adverse effects prices,on 

farmers' incomes, and export revenues especially where the primary sector is 

a large component of the GNP of the country. But where market instability 

is excessive, a lack of efficiency in the allocation of productiv, resources 

and utilization of the output can result. Uncertainty in the prices and in

come of primary producers can create severe problems, particularly where 

there are geographical areas highly speciali "ed in one product. It affects 

investment decisions, family living expenses, and ultimately the level of 

agricultural output. 

Government interventions are often designed to alter prices or quanti

ties away from those which would otherwise occur. The context of agricul

tural development differs, however, in different parts of the world. Some 

developed countries are more concerned with problems of low demand and excess 

supply, while some developing countries are more concerned with the need to 

increase output and food consumption. 

Most policies for intervening in food markets involve multiple objec

tives goals. There may be dual objectives of price and income stabilization. 

Stable prices, however, do not necessarily imply stable incomes fur individual 

producers. As an example, con.sider that a government specifies these five 

objectives for its foodgrain price policy: 1) attain self-sufficiency in 

foodgrain production, 2) stabilize market prices of foodgrains, 3) increase 

consumers' welfare, 4) increase incomes of foodgrain producers, 4) hold down 

government expenditures. Similar objectives have been reported in several 
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case studies of price policies. For each objective, alternative performance
 

measures can be defined. 
The loss of welfare, defined as 
a loss of social.
 

real income (net social loss), 
is cften calculated by the summation of
 

changes in producers' and consumers' surpluses (deadweight loss). This
 

approach is derived from standard static partial equilibrium analysis based
 

on the Marshallian economi 
c surplus concept,
 

The social cost approach is often used 
in the analysis of market inter

ventions to provide an approximate 
 measurement of altocative inefticiencies
 

and welfare transfers between producers and consumers due to price distor

tions. 
 Typical causes of price distortions are producer price supports,
 

tariffs, quotas, export 
taxes, input subsidies, and retail price ceilings.
 

These policies distort domestic producer and consumer prices away from inter

national c.i.f. import f.o.b.or 
 export prices (border prices). Stabiliza

tion of product prices has the advantage that it provides a cushion from
 

downward fluctuations, reducing the risk of Low prices and incomes. 
As prod

5: t prices increase an array of inputs can be used instead of concentrating
 

n one or a few, as is the case of 
an imput subsidy. Moveover, it is possible 

to concentrate on a few key crops. This cannot be done with a general sub

,Ldy on inpL ts, since all inputs may be used on a myriad of crops.
 

The objective of this chapter is 
to review some 
of the main issues in
 

stabilization and price support programs. 
 The chapter emphasize:; two main 

theme s: 1) gua ranteed price programs and 2) price stabi Lization programs. 

It begins with a review of the basic concepts of consumers' and producers' 

surpluses as measures of social welfare and costs. Then, the analysis of 

price support program includes: I) support price programs, 2) miniium price 

1,,ors, 3) government purchase-sale and import-export programs , aniid 4j)rcgional 
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price differences. The second major section consists of: I) a welfare 

analysis of price stabilization programs, 2) income stabilization, 3) objec

tives of price stabilization, 4) food security polJcies, and 5) agri ul tura]1 

comparative advantage. All. oI these topics are meant to provide helpful 

material for policy analysts working on price programs in developing coun

tries. 
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A Review of Consumers' and Producers'_Surplus 

The concepts of consumers' surplus and producers' surplus are exten

sively used as measures of welfare in this mnnual. 
 Therefore, it is useful 

to state the meaning of these two concepts and their impl icat.ions 

for the different price policies in agricultural markets that are discussed 

later. 

Consumers' Surplus 

Assume there are n commodities that an individual can choose and that 

each of them has a price. The individual has a given income, f., that can be 

spent in consumption. The individual's Marshallian demand function for each 

commodity is obtained from the "price-consumption curve", which contains the 

quantity of that good that nmaximizes utility for the individual for each 

price of the good, given preferences, income, and prices of other goods. 

Thus, the individual.'s demand tunctiop for the i commodity is defined as: 

q= q( 1 , A ) where u represent tastes and preferences, P represents a 

vector of pr LcP 1 P ... P , and 1. 
I 

Is the individual's income. If prices1'2n 

of the other commodities are given, and the income of the indi.vidual. is also 

given, then the Lndividual's demand curve for commodity i is a function if its 

price, P . Assuming qJ.is a normal good, then this demand curve can be re

presented as:
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Pi
 

q: c 

Qi
 

Fig. 2-1 Demand curve of an individual for good 1 

The 	 demand cur.e iq downward sloping as a function of price because of 

the 	 normality assumption. An increase in the price of some other commodity 

j will shift thp demand curve down if i and j are complements, up if they 

are 	 substitutes. Similarly, an increase in the money income alone will shift 

the 	demand curve for i up. 

Assuming demand curves for individuals are independent, the market de

mand curve D. is obtained by the simple horizontal summation of the demandi 

curves of the m individuals in the economy. Thus:
 

in 	 i = 1, . . . n 
D. 	 qij (P, 1) j = I, ... m 

p I = total income for all consumers 

There is some problem with this aggregation, because it assumes that each
 

individual has given and independent preferences. However, given this assump

tion, the derivation of market demand curves is straight forward. Moreover, do

mand will be a function of the distribution of income over individuals as
 

well as total income.
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Each point on this demand curve reflects tile subjective marginal value 

of that unit of the comlodity to the individuals. Therefore, the area under 

this curve from 0 to a given quanti.ty IrLcfiocts the total subj ecLive value 

consumers derive from the consumption of a givlen quantity, Qi of the ith 

commodity. This value is shown by the shaded area in figure 2-2. 

A P 

Qi
 
0 QQi 

Fig. 2-2 Social value of a given quantity of a good to its consumers 

The area of ABQi0 is precisely given by the expression: 0 li(Q.) dQi' which 

is the integral of the demand curve Qi from zero to the quantity OE. 

Assume tile price of the good is C, then the expenditures of the consumers 

will be the area of the rectangle CBE I PiQ i (figure 2-3). If this expendi-

Lure is subtracted from the subjective value derived by the society from tile 

consumption of OE units, then the area left is the triangle ABC which1 repre

ent s consumers' surplus from consuming OE units. This area is measured as: 

0 (Q) dQi - P.Q. 
0 
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A 

D.
 

f1 

E 
 Qi
 

Fig. 2-3 Measurement of consumers' surplus 

If the price of good i falls, as in figure 2-4, the gain in consumer 

surplus will be equal to the area CBGF. The area of the rectangle CBHF re

presents the gain in economic surplus to consumers as a rcsult of the fall 

in price for the original quantity purchased. The area of the triangle BGH 

represents the gain in surplus associated with the expansion of quantity con

sumed at the new lower price. And finally the area of the rectangle EHGEI 

represeats the cost of buying additional (OE -OE) units. The gain in con

sumere surplus is defined in general as: 

, ( P dPACS = f j 1) 
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P 

A 

0 ,Qi
 
E 1
 

E 

Fig. 2-4 Change in consumers' surplus 

Producers' Surplus
 

The short run supply function for an individual firm in perfect compe

tition is obtained from the profit maximization conditions. The first-order 

conditions are P = MC and 

sQi if P. > minimum AVC 

= ~ otherwise) 

Where P. 
i 

is price, qS 
i 

is the firm's supply for the ith product, MC is the 

marginal cost of producing an additional unit of output, and AVC is the 

average variable cost of producing,quantity 0.. 

The second order condition for profit maximization states that the marginal 

cost must be monotonica lly increasing (MC > 0). For the long run, P = mill 

Average Cost for all fi.rms, which reflects zero profits in long run for 

all firms and hence for the industry. 

The short-run supply function is often represented as: 

q. = q 1is (r, P, 0) 
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where 0 is parameter which represents the technology embodied in the pro

duction process, r is o vector of factors price, and VP. is a vector u,! prod1 

uct market prices. Th'Y,indus ry supply curve in the absence of externa].ities 

is the horizontal, summation of the K-individuals firms supply curves; 

Si- i=l, ... nS. 2 W j 1, kQ.j (rP) 
J= 1 

where curves show the quantity of good i that will be supplied at different 

prices of i, assuming other prices and technology are given. 

Figure 2-5 represents a hypothetical short-run supply curve for the 

industry. Each point on this supply shows the marginal cost of producing an 

additional unit of output. Therefore, the area OCBM will represent the total 

cost for the industry of producing a level of output OM. If the market price 

for Qi is A, than the total revenue for sellers is given by OABM (P A). 

Producers' surplus for the industry from producing OM is measured by the area 

of the triangle ABC. In general, the producers' surplus is 

QI -

PS = PO S(P, r) dP, or PS = P.Q - S(Q)dQ
P00
 

If the market price for the output increases to R, then there is a gain 

in PS equal to the area RLBA, where area RNBA is the gain in surplus to pro

ducers as the result of tLhe price increase for the original quntity OM, and 

the area of triangl. NLB represents the additionalI suirplus aSSeC itLd with 

the expansion of quantity supplied to OM at the new price OR. 
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Fig. 2-5 Producer:.-' Surplus 
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Producer Price-Support Programs
 

This section examines some stylized types of policies for guaranteed 

producer prices usig; tiu crituria of social cost. The method of analysis 

is based on Wa1 la cL (9( : ). Assume t ia t t1r eminuent de.;ires to set a 

guarante!ed price for an agricul tural cm01o i t- , pfreumaI y aNbove the market

clearing equililbrium price. Social cost is de fined as an n loss in con

sumers' and producers' surpluses added to any net cost incurred by the govern

ment. Four Lypes of policies are examined, which represent in a general way 

tue poicies ce'tiionly used by different countries. 

Type I Pro ,ram 

Both consumers and producers face the guaranteed price. Tile quantity 

consumurs will buy at the guaranteed price determines the new output level.. 

This type of policy is illustrated in figure 2-6. 

P 

A 
S 

i% e 


S C, 

Fig. 2-6 Soci t]. cust.a (PL a guaran:lieud-pice ot, ramcontrolILed-ou t:pu tpr, 
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For the free market equilibrium, consumers' surplus is given by the area 

AEP and produceis' surplus by area P EF, and the sum of both (CS + PS) is 

equal to the area AEF. As soon as this type of policy is in effect, where 

OPG is the guaranteed price, tho ,cnsumers' surplus will be equal to area 

ABPG) the producers' surplus will be equal to area P BCF, and the sum of-' g 

both is reduced to the area ABCF. Therefore, the net social cost will be 

represented by the area of the triangle BEC. The area of this triangle will 

deper Ii the relative elasticities of demand and supply. The larger the 

price elasti'itv of demand, the bigger the social cost will be, ceteris 

paribus. The larger the price elasticity of supply, the smaller the social 

cost, _ceteris Paribus. And, obviously, the Larger is the difference between 

Lhv guaranteed price and the market equilibrium price, the larger the social 

cost will be. 

WHiYi this example illustrates the use of thc economic surpl us measures, 

it is not really very realistic. For at price OP producers would want to 
g 

supply a large quantity, OP_. The government would either have to buy tLes ul var g u n i y , l t u -.r 

"('urp.us'U ) and r"ve [L from thv m;rk t or rui.e' th. "anty prcdu

ors were ,a luwed Loprodtce, possibly by some type of supply controls. The 

\,*tS. , r, n bel ow take tlese pt7pu P'sus PU 1ite s, ii t.bi j o aCcoun t. 

For thi .rogram. consumers pay the price consistent with the quantity 

;upplied by producers., whi.ch is deterni:ned by the guaranteed price. A direct 

gove rnment income transfer makes up tie'difference between the market price 

a!d thn gutratteed price to producers. 

In figure 2-7, P represents the consumers' price and P the producers'c g 
nrxce . Given tiis type of po)licy, t he consumers ' surp Los increases by the 
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area P ERP and the producers' surplus increases by the area P ELP . The e c e g 
income transfer made to producers by the gove. nment is equal to the area of 

the rectangle P g LRP c . Thcrefore, there is a net social loss equal to the 

area of the triangle ELR, since the transfer by the government is larger 

than the combined increase in consumers' and producers' surpluses. This 

social cost will increase as the supply elasticity increases and as the de

mand elasticity decreases.
 

P
 

A S
 

Pg / 

Pc-


D 

Q 

Fig. 2-7 Social Cost,, of a guarit ntcd-pric., income-transfer program 

_,pe Ill Program 

A guaranteed price is established above competitive equilibrium and 

acreage control.s are used to reduce output by shifting the supply curve to 

FS1 . Policies of tili, general types were i cd for many year in tile United 

States. As in type E programs, a socia I cost equal to the arca of tie tri

angle BCE is incurred. In -Iddition , however, tile social cost equal to the 

area of he triglC IBC irises. This happens because io0C iPs 1o longer 

eqt;Ia], to tue arein P BCI' as in tile Type :-; iCt lal toI. c,1,&; I leadt i ; C' tile 

oL1i triangl e P IF. 'li! s ieflecLs an ir. iicut ic of Ieilt rccs und2r 

tihe acreage con rols imposed. Therefore, 'he siciil L).,oL of this ofa type 

i 
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program is larger than for type I programs. The more inelastic is the price
 

response of the demand, the larger the inefficiency component of social loss
 

will become, ccteris paribus.
 

S
p 


.	 Q 

""e
 

Fig. 2-8 Social costs of a quAr.ntved-pricc, import-restriction program
 

pje 	 IV Program 

Both consumers and producers face the guaranteed ;)rice, and the levels 

of 	output demanded and supplied are consistent with the demand and supply
 

Yunc L ,us, respectively. The government buys the excess quantitv supplied 

at th: A;ua rmed price and sells it on the international mrket. (This 

rolicy could al s he used for a multi-year purchase-storage-sales programs 

tL . t abili,. thLe rirkmt an discussed in the secund sectn of tLi;s chapter.) 

Thu effects of this pro.gram depend on the rea: ion ship between thm domstic 

.uaranteed price and the international price. The three possible cases are 

cun side red be lo'w. 

Case I) Domestic equilibrium price equals the international price. 

In t Lhis case, the international market price P equal s tLme d ,mesti. free mar

ket. price P . With this type of policy the prdnuers' surplus rises to the 

,mount equal to the area Pj LEPe and thm consumers' qrplu, falls by the area 
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PGBEP e (Fig. 2-9). Thus, there is a total gain equal to the area of tile
 

triangle 
BLE when PS and CS are added together.,, The excess output supplied, 

Z, is byh,%'tfl 

z (P) Qp - Qc andg p cg P = 1 c = Pp 

where Z denotes excess quantity supplied, P is the price
C 

faced by consumers, 

Pp is the price faced by producers, and Qp and Qc are the quantities produced 

and consumed. The excess upply quantity is bought b,, -he government at
 

price P G--the guaranteed price--
 and sold in the international market at
 

price P " Thus, there is a revenue loss to the government equal to the 
area 

of rectangle BLNK. 

S
 

P Pe IK 

QQ 

Ce:.:port iFig. 2-9 Social coSt,; ; , tccd-pri1C, program, Case 1 

The social loss of tiiis program for his case will be given as the dif

ference of tie government los. and the gain in surpluses, which is the dif

ference between tLe rectangl1e BLNK and the triangle BEI). Therefore, the 

Soc Lal Ios s is mea su red by Lhe areas of the two triangLes BEK and ELN. 

Case 2) Domestic cquilihri um price lower titan the international price; 

guaranteed price higher than the international p r iC(. 
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As show" in figure 2-10, this case yields a gain in consumers' and pro

ducers' surplus taken together equal to the area of the triangle BLE, as 

before. However, this time the excess quantity suoppijed is sold by the 

government at price PV which is higher than the domestic market tqui. hrium 

price, so the loss for the. government is given by the area of the rectangle 

BLTH. Social gains or losses in this case will depend on the relative dimen

) .
sions of triangles BHM (denoted.by y.) and LTJ (denoted by y. Therefore if
 

the prices are such that:
 

> 0 There is a social gain from this program.
 

)
0 - (Y1 + Y2 = 0 	 There is neither a gain or a loss from
 
this program.
 

< 0 There is a social loss from this program.
 

P 

PS
 

9 	 2 

P U 	 f 

D 
-


Q 

Fig. 2-t.() So'i a V costs of a gua ran teed -p rice, e:xport program , Case 2 
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Case 3) Domestic equilibrium price higher than international price. 

P 

P 

e-s 

C / / 

Qc Qe (i 

Fig. 2-11 Social Costs of a guaraecd-pr.ice, export program, Case 3 

In this case, the government will lose uven more money than in either of 

the two previous cases. This loss is given by the area of the rectangle 

BLUR. Its difference over Lie tri.angie BLE yields the social loss, which is 

given by the area of the two trapezoids BETR and ELUT. 

For all these cases, it is assumed that the government is the sole im

porter/exporter in the internationaL market for the commodity in question. 

Otherwise, social losses would be much larger if, after the applicat ion or a 

guaranteed price above the internati onal market p rice, cnsuiumrs simpl] Vni it 

ftom the domestic to the i.nternational ark.. in order to purcnase at the 

lower price. Thi s possibi lity is a reminder that govurnmuenL policies can 

create i.llegal sales across borders, which can sharpiy inflate the costs of 

the program. 

Conclus ions 

1.. Under type IV programs, the international market prices of the com

modity in question becomes an argument in tihe sociaI cost function. There is 

a possibility that positive social gains may result as shown in case 2. This 
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result is not possible with the first three types of programs. oreover, 

no account has been taken of government storage, transport, and transaction 

costs, which may be large. Social losses would rise if these were considered. 

2. If the government is interested in increasing revenues of farmers 

and at the same time increasing the food supplied in the domestic market 

and holding consumer prices down, then a type 11 policy seems to be the best 

approach available. 

3. If the government, however, wants to raise prices to producers by 

reducing the quantity supplied, then a type I policy shows a smallor social 

Loss than a type Ill, but controlling output is more difficult. 

4. These four types of guaranteed price programs may he ch. rac trized 

as "support" programs. Another approach to guaranteed prices is to establish 

"1s.lter" or "minimum" o)rices to estahi.sh a fLoor below wlich the free mar

rWt equilibri un price is not permitted to f:al.l. The purpose of this type 

of Uolicy is to provide protection to farmers against market uncertainty. 

This; type of policy is reviewed in the next section. 

t he of nr 

price, tarm!;er; wol.d not onlv muv.a i 

5. oivpi cxi.stence i.successful support price guaranteed 

"ngthe existing market supply curve but 

hat. tLh curve wou]. alIso shi!Lt,"t0e r'ight. Therefore supply excess 'ould 

increase and so would social, losses and the costs of the program to th1e gov

ernell .t
 

6. In tNo long run, public concern might well move from guaranteed 

price problems to the problems duof price and market stability. Programs 

signed to stabilize markets are analyzed Later in this chapter. 

http:estahi.sh
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Minimum Price-Floor Programs 

Defining the objectives of price policies should be the first step in 

making policy decisions on programs. Often these policies have one or more 

of the following objeciveS: 

1. Incentives for production, 

2. Set prices at the cost of production, 

3. Provide protection to farmers against price risks and market uncer

tainties. (Shepherd, Sanford, and Cossio, 1969) 

incentives 

One possible objective of the government is to establish prices at in

centive levels. So the aim of the policy is tc provide incentives to farmers 

to produce more of the product in question. TAi,5 in turn meaUs tiat t l 

prices are to be set at a higher level than would prevail in aa open market 

situation. There are unfavorable side effects, however. RaisNg the price 

will also reduce the quantity demanded by consumers, therefore, the govern

ment will be left holding the excess of :supply that cannot be sold without 

loss, which usually ca n mean sub stantial I;us> us for the govyewrnment. Many 

countries ilnc l(,i, the Un i ., Sttus and tih European Econ im CommunitV 

have found tills Out oin a very Large scale. Wheq "support" prices have been 

set higher thnan o pe n-ma rkue prices, large unsaleable surpiuseu haIVe accumu

lated, causing the loss of bill ions of dollars. Simi lar S tuaiolis iave 

arisen in somte LDC's that usually CilmnoL ;ifford lo-;ses on such large scale. 

Figure 2-i.2, descrioes wha hi.appunK when pr ,.'- r. s.ot i.,er t :n ,pon

market prices. Thu denand curve, I), rvpresntL, t he qjlnL tL Les of the pr(iuct 

that will be demanded by consumers at various prices, whileth supply curve, 
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S, shows the quantities of the product that will be offered by 
the producers
 

at different prices. The intersection of the time curves defines the equi

librium price (P ) and quantity (Q ) in the market. Now, if the government
 

sets the price higher than P., say PY consumers will demand 0 and produ

cers will supply Q.. 
This will result in an excess supply equal to the 

amlount Q.,, wwhich cannot be sold at price P Thie government has to buy 

and hold this excess quantity off the market, which may result in a loss. 

In such circumstances, setting an incentive price hizher than equilibrium 

market price is simply not a feasible solution unless the governmer.t is pro

pared to subsidize the producer at considerable cost to the taxpayer and per

mit the price to consumer to fall to P2.
 

P 

S 

P,u____ ___-___ 

SI 1 _ 

Fig. 2-12 (Co,. -; , int'n'l v :V,i.cr,'<.set a'bovv, marilket equi:i brituln 

Se~t P itees ;i~ tho< C.ost of Produt A.)n 

Someu peot.!c ;arzuo' that ... hgould be. pr ices set It al level, sufficient to 

c€vc r tit os 'r 0(1]tc: i]i;Z :i ,agri ult-urai I orod tic.. fIhi s proposi{tion. ir not 

< 
,2 It- * 

<;! -;mp)! JS ;olildo . V,_ ".tt, t turns , ',u{ !:o he cuite, imprac t ic;a] 

E-ach {-,rfnr ha;s hi~ls own cost.s of p~rodu.tct i ci ;11(1 t~leseg 7o,5t[ diif cr f ron 

atme indeed, producer "'.lr to [a rmer,. ea(: i 1,a.<sseveral c s- . ( ce.<}o r t- r lli 
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versus long-run, variables vs. 
fixed). So it is not possible to determine 

a single figure as _the estimated cost of producing a certain product.- If 

we take the estimated average cost of production a certain percentage of 

farmers will havu costs of production higher than the average and 
can not
 

profitably produce at a support price set at 
such average. Others will have 

lower average costs and will make excess profits at the established price.
 

"''he average in any ca,. is mereiy an arithmetical calculation.
 
It has no economic standing, and no logical basis in this 
economic situat ion. It is not what is ne'.dud here. if one is 
about to march an .armyacross a river, it is -nil ' Lo compute 
the average dCptih oI tIe 'ater at the crossing. The average 
depth may he only four feet; but il te Mid Q may he eight 
feet deep. Aii the men arc more than ive feet tali, but it 
would be a iSW&t-ua .i(ctoin thie asf o.f tue average depth 
of the river and ma rch thne man across. Vne average cost is 
similarly inappropriate." (Shepherd, et al., 1969) 

Price Floor
 

Another objective fcr setting a price is 
to provide a shelter to protect 

food producers against market risks and uncertainties. This type of prices 

constitute a minimum price floor. It has been suggested that such prices 

should be set a little below the equili brium market price given by the supply 

and demand functions. 

"This equil )i.bum prie is base.Cd ,not on do'zens of estimices 
of costs of prod(ionu l, ut Ilptln supply and demand in the 
market; and thil i:s based upon produccr. and di;Lr htr,.rs' 
1110 . -la L ,, .V A _d '" ... h..., . ai. , 1969) 

A Procedure for Seltij , Pric,:., .;S.;d on F,aict('r:-; 

Shepherd, Sanford ind Cos io (V969) prcnat:ud a prccdure to bu used for
 

Setti.Lng priccs ba ,d oil the .conomnic consi-.eiCfl,tions. They Sugges.tC looking 

ait economic fac tors Suhich as: 

1. Probable voiume of harvest;
 

2. Effective internal demand and 
trend of annual increase; 

http:Sugges.tC
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3. Present levels of productivity;
 

4. Reserves accumulated and facilities for adding to the stored quan

tity;
 

5. Possibility of exporting surpluses in accord with the conditions
 

of international markets;
 

6. Types, varieties, and quality of the commodity in question;
 

7. Domestic possibilities for processing;
 

8. Costs of transportation and storage;
 

9. Importance of the product in the agricultureal sector and the econ

omy of the country;
 

10. Estimation of probable net incomes that farmers will receive; and
 

11. 	 Evaluation of the effects of higher food prices. 

Then tlheV -;ugested the use of forecasting methods for demand, supply, 

and price as a hnsis for establishing a price floor. The first step is to 

strt with last year's price-, and see how the market situation worked out. 

If the ,government purch:ased very little of the product, then either its 

purchasingh.. proce:ores were unsuitable, or its prices were set too low. If, 

however, the governenmt acquired a large amount of the product and could sell 

it only at a I '. th i. would mean that the price was set too high,.. Compari

son with anticipatcO P(,.,n--market prices would be very hvplfu! in this anN]y-

Pis. The next :-tep is t es tim-ite how much quantity is to be produced, de

manded, and .xparted this year ,drawin, on all the sources of information 

availfable. Thon the expected pricc can be estimnated by using estimated price 

and income lasit .0 oof demand for tie product. 

lhin pr!,e frecat could by used as the basis " r set:tlng the floor 

rie of the product, which would act as a form of insurance to, the producer 

•gin;t the risk of price decreases.
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In 1952, F. W. Paish and P. T. Bauer presented a proposal for reducing 

the violence and magnitude of temporary fluctuations in the incowe of pri

mary producers. They pointed out that the menlstiit LeS Of supply and de

mand, especially in the short-rui, re tIn ma in factors responsible for the 

price fluctuations of primtari coammdities, whicih in turn brought wide fluc

tuations in the incomes of farmers. CovernmenL interventions in such a case 

sometimes unfortunately created, in the view of Paish and Bauer, a tendency 

to reduce the adjustment of supply to changes in the d.mand as expressed 

through the price mechanism. They said that in deflationary periods for 

agricultural commodities, governments frequently try to restrict output in 

order to raise prices received by farmers, results of which may affect in an 

unfavorable way in the long turn in the direction of adjustment of the pri

mary sector to the growth of the manufacturing sector and population. 

Some policy instruments such as straight subsidies financed out of 

general revenue are impracticable where the commodity is the most important 

cash product of the country and a inilateral stock-nolding policy fails where 

the exporting country has no effective monopoly. The Paish and Bauer approach 

tries to reduce the magnitude of temporary fluctuations in the incomes of 

primary producers with as 1i.ttle effect as possbie on the adaptation of 

supply to change; in demand in the long run: 

"The propo:sed Meineud is self-adjus tig in he sense that thcrL 
can he nio loss of Colltait witi the trend of prices or of incomes; 
it expLicitlv aims at smothering flUC tutMiO;S in incomes, rather 

than in prices; and its adop ion would runder posAbi)c more 
accurate forunant g of the -flow of prouucers' incomes in the 
trri torie:-; conerilud, fr a 'ar or wO ahead.'' 

They presented a formu.a for fixing producers' price each season calculated 

as the sum of two components: 1) a fraction of the estimated market price 
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for the current year and 2) a component which is derived from the difference 

between the realized payments per ton in the previous years and the amount 

paid in those years on account of the first component. Thus their formula 

is as follows: 

-P
 
t n. t-i t-1 + Pt-2 Qt-2 4. + t-n 

= -i-Qt
 

( t-l (t-l + + P-t-n Qt-n] 
x 

where 

St E is the producer price to be derived for any year t 

P t -the actual price 

P Lt the e..:pected price 

Qt : the actual quantities purchased 

QU the exprcted quantities purchased 

x and n ara weights. 

So the first element of the RHS of the equation is the price forecast 

for the forthcoming year and the second element is the correction component, 

lo the p)rodu(:,r:- ' supply re.;ltionship will- be given by:that 

= S (P , q) where 0 represents the correction factor. 
C t 

'[h2 authors contend that the approach will keep the price floor in contact 

with the trend of prices. It will- stabilize pr,ducers' incomes but wi. 1 not 

•affect tice It,' ever time. It wil1. pro\,, : ,r-ic ts of future movemoi.ts 

in fi c oe ;in; 0! ti .wil. provide no r - ', d m, t,, te0 ) -ru CIII

e(.t teive '.-i i~e produue- r!,'rnec . 

http:movemoi.ts
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P. Ady (1953) rejected this approach arguing that since the formula de

pends on two unknowns (P and t ) ,the scheme tself dcpends o guesswork. 

He believes its use is ii .i ti i. M. NicuIOSCU (145A) nide thL& same 

kind of argument agains- L ihe scheme. Mil1ton Friedman (1954) argued that 

:uch. an approach, besides being highly arbitrary, introduces an undesirable 

effect on incentives, suggesting that free market adjustment is a better 

alternative than government market interventLon. 
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Government Purcha:se-Sale and 

Import-ExporttPrograms 

As was mentioned earlier, governments may not be willing to subsidize 

either farmers or consumers direcrly. 
Direct subsidies to producer may be 

unsatisfactory because a large percentage of the subsidy payments would go 

to a small percentage ol large producers. On the other hand, direct subsi

dies to al. consumers can be very expensive. Small, indirect subsidies to 

Koth consumerjs Ld producers in the form of fixed prices at the farm and re

tail level may be a," alternative considered by a government. Setting these 

,'u:anted prices, however, is a very difficult task. The governmen. needs
 

to differen.iate 
 among farm prices, wholesale prices, and retail prices while 

using thin kind of Policy. The setting of these three prices may lead to an 

exa-ys of supply or demand in the market ai d a need to imlport or export. 

This in itself will! ead the government to a wholesale operation involving 

t', internatiounal market. So international prices enter also as a exogenous 

viriabJe that aKfccts the government profits or losses from the program. 

William C. Merrill (1967) provided a simple but useful framework to i-

lustrate hne c(nsequence of a guaranteed pri :ceprogram that in volves a whole

sale operation ,a: iiiternatinal trade in a part.icul ar crop. The model takes 

ineto account random shi fts i% supplv .and demand. A sys tem of iso-profit and 

Lso-impor curves are used to illustrate graphicaI.y the consequence of the 
g'overnment pr ice, d'ci, - . 

Merrill obse rve.d Lhatm, in gereral, the goals of the government program 

are: a) O Malintai low retail pricLs, 5) to r.maintain "fair" farm prices, 

c) to break even on ts buying and slling operation, and d) to m ii ex

ter','.i dependence for the agricul tural commodity by reducing importis. A con
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flict between these goals can easily arise because, as the farm prices of
 

the crop increase, farmers tend to supply more of it. As the retail price
 

of the commodity in2reases, consumers tend to buy less of it. The govern

ment generaly sells the imported and national production at the same price
 

in the domestic market. Therufcre, imports Lend to decrease as farm or re

tail prices increase. Wholesale and retail prices are genera Ly increased
 

tcbuther. If the retail price is held constant out 
the farm price increased,
 

then the government makes less money or losses.
 

To use this model, it is necessary to know the donestic supply and de

mand functions for the agricultural product, the cost of buying, storing and
 

transporting it, and international prices. With these data, it is possible
 

to determine the farm and retail prices required to prevent government losses
 

and/or large conodity imports. 

EsimLatijg tile lso-Inport Curves 

In order to estimate the iso-import curves, the price effects on quantity 

supplied and demanded of the crop are needed. Let the demand equation be 

given by: 

D() d y(t) + N(t) + P 
0 9 O r(c)r 

where:
 

D(t) is the quantity demanded in period t, ani d is the intercept

0 

Y(t) is an index of reaJ gross national product in period t 

N(t) is tBe popuiatlon in period t 

Pr(t) is the rcaL retail price o tLhc )llfomodity in pur od t 
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ald , Q_aad , and aQ are theDy DN p regression estimators, which express 
r how much quantity demanded changes given an 

infinitesimal change in Y, N, and P , respec

tively.
 

It is assumed that the government sets the farm, wholesale, and retail 

prices for the supported crop shortly before the harvest time. The period 
term "t" refers to the markeing year for the crop. The supply equation is 

given by: 

S(t) = S + YQS P (t-l) + 3QS Pf(t-l) 

x 

where:
 

S(t) is the national supply of the commodity in period t and so is 

the intercept 

P (t-1) is the export price in period t-l 
of a substitute commodity
 

which can be produced with the available resources, 

Pf(t-) is the real farm price of the commodity in period t

32 and are the regression estimators which express how muchj P. 

quantity supplied changes with an infinitesimal change 

in P x and P'f" 

Using the demand and n;upply emuat-ions with various farm and retail price 

combina t ions ,.vy the iso-o.m t curve. (Fig. 2-13) This t ype of curve is 

delined as the geomI; f Wous of a llo)i nat Lons of farm and ral prices 

that. y i&td tL same level of import (or export) valu.,s for the cmmoditv. 

FK.ur 
exanple a.ssumu that t'he price combination P (P r, ) is uch 
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Pf
 
1<0
 

Pf0 
 ---)0-- 1< 0 

1>0 

' .1=0 

I p 
0P 

r 

Fig. 2-13 Construction of an Iso-import curve
 

volume of imports/exports equal 
zero. Moving to the right of P the retail. 

price increases holding the farm price constant, so domestic supply will not 

be altered but domeStic quantity demanded of the com'odi v in question will. 

decrease so the excess of supply in the domestic market will be absorbed by 

government and will he exported in the international market. That is, there 

will be exports of the commodity (1<0). Moving to the left of P 0 
, the retail 

price falls while maintaining the farm price constant. This increases the 

domestic quantity demanded, but since supply has not been affected the govern

ment will need to iaport (100) from the intrnational market in order to sa.

0isfy the domestic demand. Moving to the norh of P , the farms price increases, 

therefore inducing a larger quantity supplied. The domestic quantity demanded, 

however, is not affected because the retail price has not changed. Thus; , the 

government will absorb this excess supply and 'will sell iL in the international 

market, so exports will occur (1BO). But moving in Te opposite direction 

(to south of P0), the farm price decreases, indu i ag a decrease in Wie quantity 

supplied by farmers. Since retail prices are held constant the quaLtit)' de
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manded remains constant. Therefore, there will be an excess domestic demand
 

that needs to be satisfied by government imports from abroad (>0). So the
 

iso-import curve that yield 
zero imports has to pass through P and have a
 

negative slope.
 

!so-imports curves that are above curve 
(a) represent different combin

ations of prices QPr' Pf) which yield the 
same value of export for the product.
 

Iso-imports curves that are below curve 
(a) represent different combinations
 

of prices (Pr, Pf) that yield the 
same value of imports. (Fig. 2-14)
 

Pf 

Exports
 

imports 

= 
0
 

Imports > 0
 

r
 

Fig. 2-14 [so-import curves
 

Estimatin, Ie-Prfit Curves
 

"so-profit iurves are affected by: a) The effects of prices 
on the quan

tiLies supplied and demanded, and b) the uncertainty ab3out how much will be 

supplied and demanded. In addition, the prices of exports and imports are 

dif fLoent. 

(;iven that imports are required, the government's expected profit func-


Lion, can he written as: 

H(T) = P , (D) - (Pf + C0 ) E(S) - FC - (PI + C1 ) E(1)
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where:
 

r is the government's profits from buying and selling the crop.
 

P is the wholesale price.W
 

D is the quantity of the product demanded.
 

Pf is the farm price.
 

C is the variable cost of handling and storing the 
domestic crop. 

S is the quantity of the commodity produced. 

FC is the fixed cost of the government's program. 

P1 is the price of imports. 

C is the variable cost of handling and storing imports. 

I is the quantity of crop imported.
 

E denotes expected values.
 

On the other hand, exports are anticipated, then the government's profit
 

function would be written as:
 

E() = P w E(D) - (Pffx + C0 ) E(S) - FC + P E(X) 

where: 

P is the export price of the commodity. 

X is the quantity of the product imported. 

Assume that the difference between quantity demanded and quantity supplied 

is a random variable with a normal distribution, then (D-S) N[E(D) - E(S), j] 

Tl parameters E(S) n can ob-E(D) - and be estimated from the infornaton 

tained from the dema nd and supply equations. But :xp,_cred imports and exportm 

are more difficult to cs i mate. however, the use of median impor;. ,nd exports 

can be used in pI ace of. expected imports and exports in the profit function. 
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Anticipated imports are defined as:
 

A(I) = MAX[O, E(D) - E(S)] 

Anticipated exports are defined as: 

A(X) = MAX[O, E(S) - E(D)]
 

To estimate median imports, first estimate the probability that imports 

are greater :in ;ero, say u.I . Now let A denote the event that imports are 

greater t.n zero and B denote the event that imports are greater than median 

imports. We know that P(AB) = PE) = P(B/A) P(A), where P(A) = ail
and P(B/A)
 
I. 

1 /2 bv definiLiol of median imports. Therefore P(B) = 0.50 q. Once P(H) 

I; known, we can use the table of normal distribution to find the associated 

t Value, say t Median imports are then equal. to M(l) = A(I) + tL , where
 

the qecond term of the RHS of this equation refers as that difference between 

:eciin imports and antcipated imports, which can be labeled as d(I). The
 

s.U,-.i irocedure miv he used 
to find median exports: "
M(X) = A(X) + t a wherex: 1
 
.,.d(X). 

can be
u . .r...dllre illustrated using Figures 2-05 and 2-16. 
 Suppose 

t ie retail price 1- Set at P so Q, is the expected demand and that the farm
 
r 

pnr'- is Net at PF so Q 
is the out put supplied. An.icipated imports are 

therefore A(L) + QI - QU* However, 
the possible vnriations in supn.y and de

mind are r1:1 ' ,' ,lo ,l h, e.o..)r colld occur thi s Price comb ngatin. 

Expected imports tere:ore grearr than A(J)are but aru difficuLt to esti

mate becausc thv pro.JahI 2 ry distribLtion for imp',rts would have to 1he inte

grated frcom zero to infinity. But if (D-S) is normal iv distributed, tien the 

probability that imports nre greater zero.,,no,, 
 'v
can he east; deterni e:d. 
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= 

median imports and exports canf be determined in the manner described. 

The probability tat exports are greater than zero is 2 (-¢tl) Thus 

E(S) 

Lower limit of S 

P 
r
 

Pf 
 Upper limit of D
 

E(D) 

A( 1.) ((I) 

Fig. 2-15 Effects of variati,,ns in demand and supply on imports and exports 

CL\
 

Sit
 

X u A(i ) ,(. I 

t., IIImp ,r t -> 

Fig. 2-16 Probabi i.Lv di:,trinution lor inyort.s Ald exports 
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The government's anticipated profit function, in the case where either 

imports or exports may occur, consist of two parts. If anticipated imports
 

are greater than zero, the function is equal to:
 

A(1") = Pw E(D) + c P d(I) + a 2 (P -- Pf - Co) M(X) - FC

(Pf + Co) E(S) - cQi(PI + C1 ) M() 

where: 

P w d(l) is an estimate of the expected revenue from imports above 

the anticipated level. 

if anticipated exports are greater than zero, then the government's 

anticipated profit function is: 

A(- ) = Pw E(D) + 2 1xm(X) + cc1 ()w - P1 - C1 ) (L) - FC 

- (Pf + CO) E(S) - C(P f + Co) d(X) 

where: 

d(x) too, is the difference between median exports and anticipated 

exports. 

If a constant reltionship between wholesale and reLail prices is assumed, 

then _so-profitLs curvesi can be determined using two lasw' equttions to compute 

.:tic ipatd profit;s fr varions farm and ret;ailI price rom!)inaLtions. (Fig':. 2-17) 

Assijmvtiat aht I' , P ) profiti
V 

are ,::ro. Then mo.)vingt, to righlIt from 

P will increase ret;ail price whilie olding tile arm pric con tant, thus 

anti'ipa ed profits are posit ivc. MovinF- in t. " pnt)tite directt ,un (t hIce 

left) the reail] price is reduced, and since P is':u nt. anticip,,atedIl, t i ; t x I.;l 
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f N< 0 >( 

P 
r
 

Fig. 2-17 Anticipated profits for farm-retail price combinations
 

profits are negative. Moving along the vertical line through P0 the retail 

price is constant. To the north of P farm prices are increasing so antici

pated profits are negative. To the south of P farm prices are decreasing, 

so anticipated profits are positive. Therefore the iso-profit curve that 

yield zeru profits must pass through point P and have a posiLive slope. 

iso-)rofits curves that are above curve (A) represent different combin

ations of prices (Pr' Pf) that yieLd the same losses. And iso-profits curves 

that are below curve (A) repre;ent different combinations of prices (PrW Pf) 

that yield the same value of positive profits. (Fig. 2-18) 

Pf 

0
 

.- 0 

(A)
 

r 

Fig. 2-18 CoCnstLrumction of iso-profit curve,; 
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Using Iso-Profit and Iso-Import Curves 

It is now established that iso-import curvcs slope downward and iso

profit curves slope upward. In figure 2-19, expected imports and government's
 

expected profits for any combination of farm and retail prices can be deter

mined.
 

In reality many of the farm-retail price combinations in the figure can 

be ruled out. It is unlikely that the farm price would be increased (de

creased) above (below) certain levels that are considered too high (too low).
 

The s:me elimination is applicable to 
the retail price range. Decision 

makers can ":ero in" on a "target" area by this process. The decision prob-

Lem can be reduced to a single line if the government is committed to break
 

even with the program, which in this case would be the iso-profit line ' = 0. 

Pf 

71 < 0 

r;
= 0
 

I <0 

1 0 

Fig. 2-09 Farm-retail price c, ,b ,,iati 
and governmont costs 

., Ipr 

P 
r 

ts-exports, 
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Geograjic Price Relationships 

The discussion thus far has emphasized the incentive and disincentive 

effects of government price policics. Product ion promotion programs, to 

be effective, must be supported wi r- s ff-iciently remunerative producer 

prices. Frequentl]y, ricsL'S paL to f Irme r s undcr -IOVvrnmeln pl''rograms are 

fixed with the aim of giving producers a "reasonable return" while enabling 

the marketing organization to earn surpluses to support other government 

investments and services. Moreover, these prices are usually adjusted only 

gradually over time, and while this approach shields producers from market 

fluctuations and price uncertainities, they may receive only a share of 

realized export earnings or import parity prices for the commodities 

involved. If so, incentives to produce the price-controlled products will 

be diminished reIative to other creps. 

The impact of price policies on the relative price structure is compi

cated if internaL transportation costs are considered. The most common policy 

is to establish uniform buying prices at al points in a country. In 

contrast, ,:xport-parity or import-parity prices will differ by tho cost of 

transporting the crop f em a particular production area to the export/ 

import point. The comparison of" establ ished prices to parity prices by 

region will I ikety show aipattern of cross-,subsiidization whcrebv produceri>s 

in reg ions W ith hi gh transport costs ace benei it.Led at Lila expenLIu of producers 

in reg ions witi low tra-;p-,Vt costs. This-5 crs,-s, hn id i,'O ion Will [be 

ntcns itivd if kpv inpu -tsr alI1so pri ed on I -u ifr i rou.iiut SO count ry. 

'Thus , price policies may gelilte cros.-:i;Ki oidtznLio, Wiw en rev Ions 

as well as between crop;. Somuetimes this< ind of cru;n-sibsid izattion 
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is justified as a means of attaining regional equity. This is especially 

true when least-developed regions also are the most inaccessible, and hence 

suffer higi costs for input and (outp)ut movements. h'..jvvr, t 1hr impl it t 

subsidies/taxes in a given pricing structuro is; unlikely to be the most 

appropriate in terms of producer incentive or from the standpoint of 

balanced regional development. Improvements in transportation and even 

transportation subsidies may well be superior if stimulation of reg.nal 

growth is the goal. 
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Domestic Price Stabilization Programs
 

There is no doubt that price stabilization is a theoretical and 

empirical topic of specin] ialiteresL for the developin:g nations. Traditional 

export products are subject to wide swings in market prices. Domestical.ly 

consumed products are also subject to price instabil.ity. Food products 

that fulfill bas ic needs are many times the most affected. 

The problem of price stabilization was first in 1944 analyzed by Waugh 

from the consumer point of view. Later, in 1961, 0] approached the problem 

from the producer point of view. In 1969, MNassei.l integrated both sect-ors 

in a welfare analysis of pricu instability. 

These WitNia, analyses are the basis fOr more sophisticated work on 

this topic. (;etting closer to "real .,,orld" situations means more complexity. 

1. E. JUSt. cometn t ed: 

''The general qtuestion of price . a ni l.izat.oii is one of 

those problems in economic.s where the complexity of the issue 

is far beyond the tehrureLiC(a and technicalx capabilitieos we 
now possess for analyz ing it. Coisequently:",analy'tical 

studies of sLtabl!atl.ot pol icy have 1)0:1l reduced to e.amina
tion (f only one or a ; inontl t aspeCths of tie io Dliil 

(at a time) ,il, disregarding,otne',s. As a result, auch of 

the theore tic(lI work on price stabil ization has been over

looked by ti rvmpi atks and those involved d ircd t ' Win the 

-'olicv-mak in procss." 

Genera 1 i zed Assuumiy.. on. 

Through tMeine , th I i tiraturo on price stabilization has been elaborated 

under a fIairly homogenous set of assumptions. The first assumption is 

partia.l equil ibriuim. A common ion is hieoX of asecond alSHU Lp txistL'ci 

self-liquidating buffer stoc: to achieve price ,tWii Iitv. Thir d, ignoring 

the administrative and storage costs of operating a buf fer stock has also 

http:Domestical.ly
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been typical. Finally, the concepts of consumers' and producers' surplusc,,
 

are used as a measure of welfare to assess the effects of stabilization. 

The procedure here is to find out first what the welfare effects from 

commodity price variations are, how it affects both consumers and producers, 

and under what circumstances stabilization pol ic i .,may be advantageous. 

In 1944, F. Waugh demons trated that with a downward sloping demand 

curve, assuming consumers to be price takers and start ing from a given 

price, consumers gain more From a price reduction than they lo-e from an 

equal amount of price increase for a given commodity. On this basis he 

argued that consumers gain from price fluctuations caused from random 

supply shifts and, hence, they would lose from price stabilization. 

Assume a cardinal measure of utility and two prices, P and P2 each
9 


with 50Z probabi.l ity of appearing as an equilibrium price after a random 

h;!iift of the market supply curve. 

S 

p! f 

P!
 a ,, 

Figure 2-20
 
E'.f fec ts of VarM On Co 'Price on gumers 

Basde on Figure 2-20, if P occurs then con ;umerM' surplus (CS) is equal to 

the area f + a + b + c + d; if P. apears CS is equal to the area f only. 



9 

Expected consumers' surplus is:
 

E(CS) = f + 1/2 (a + b + c + d) 

As an alternative consumers are given a single price qi with certainty
P 

where 1 pi is the mean of the two prices, or:
 p 

p= 1/2 (P1 + P2)
 

Then the expected consumers surplus is:
 

E*(CS) = f + a + b
 

Thus, compared to the prestabilization regime, consumers lose (c+d) if P1 

occurs without the stabilization scheme and gain (a+b) if P. occurs. Since 

(CS) > E*(CS), stabilization creates a net loss (c+d > a+b) in terms of 

consumers' surplus. 

Walter Oi (1966) made an equivalent argument for producers. He showed 

that producers facing an upward sloping supply curve and perfect competition 

gain from price fluctuations arising from random shifts in demand and, hence, 

would lose from price stabilization. 

P
 

S
 

K) 

,,
i l
 
P1)
 

i) 

Q 
Figuire 2-?1:I Et iec of Pritice \ar idkiun5 on Producers 
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Assume that producers are faced with either of two prices, P or P2' with 

50% chance of occurrences for each of them. So producers' surplus (PS) 

is equal to the area f if P occurs and f + a + b + c + d if P2 occurs 

(Figure 2-21). The expected value of producers' surplus is given by 

E(PS) = f + 1/2 (a + b + c + d) 

As an alternative, producers are given a single price, pi , with certainty.
P 

Where 

+=1/2 (P 1 p 2 ) 

Then expected producers' surplus is: 

I.'*(u ) = a + b + f 

and since E(PS) - E*(PS) > 0 stabilization will hurt producers. 

B. ,assell (1969) tried to reconcile the results presented by Waugh 

and Di bv using the expected value of the net changes in producers ' and 

consumers ; rp.luses as a measure uf gain. His main conclu, ion was that a 

tabi3 ized price brought abotut by a buffer stock operation provided a net 

ga [n to producers :nd consumers ta ken together. 

Massel1 ut LzeS market and functions with additiveu inear demand supply 

stochastic disntrbancts. MOrket price fluctuations arise from shifts in 

either supply or demand or both. 

,.,. eriv to Fi gure 2-20, if u can be achieved by a costless storage 

activitv through a buffer stock operation that buys and sells at price np 

rai.nLg the price from P' to U will result i ng rmainto producers of c ±- d .. . . .1p
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+ e and a loss to consumers of c + d. So there is a net gain equal to the
 

area e[A(PS) - Ij(CS) = e]. Reducing the price from P2 to Ii will result 

in gain to consumers equal to the area a + b and a loss to producers of a, 

so there is a net gain of b. Therefore where price fluctuation arise from 

random shifts in supply, stabilizing prices at p) involves: first, a net gain
P 

to producers (c + d + e - a > 0), second, a net loss to consumers (a + b - c
 

- d > 0); and, finally, a net gain of b + e to consumers and producers
 

jointly.
 

Similarly, looking at Figure 2-21, if price is raised from P1 to Ii 

producers' surplus increase by an amount equal to the area a + b and consumers' 

surplus falls by a, so the net gain is b. And reducing price from P2 to 

p involves a gain to consumers of c + d + e and a loss to prouacers of c + d, 

so the net gain is equal to the area e. Therefore, when price fluctuation 

comes from demand, stabilizing prices at 1pP produces: first, a net gain Co 

consumers (c + d + e - a > 0); second, a net loss to producers (a + b - c 

- c 0); and finally a Joint net gain equal to the area b + e. 

Massell's model can be stated mathematically. For a competitive market, 

assume the supply and demand curves each have a shift factor that is a 

continuously distributed random variable: 

(i) S = iP1+ i (a > 0) 

(2) D = -bP + (b > 0) 

where S is the quantity supplied, 1) is the quantity demanded, P is the price 

a and b are constants, and (t and i3 are jointly distriuted random vari.ables 

with means ,i and variances o.I, covar iance 0,wi o(, and and (7 which 

means that shifts in demand and supply function are influenced bN different 
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forces. That is, we assume that:
 

(3) S = S(P, r, 0) 

(4) D = D(P, Pi , 0)
 

Equation (3) 
states that the quantity supplied is a function of the com

modity price (P), 
 the input factor price (r), and the technology embodied in
 

the production process (O). Equation (4) states that the quantity demanded
 

is a function of the commodity price (P), 
price of another commodities P., 

income ([), and the tastes and preference of individuals (0). In the case 

of agricutural commodities, shifts in supply are typicallv due to weather 

cond it ions which are, unrelated to the factors influenring demand. 

The equilibrium price is given by: 

(5) P where a + b > 0 and P* > 0 
ai + ) 

Assume the 
mean price v' is known and that price fluctuation are to be 

el im-inated by establishing a costless buffer stock operation, such that the 

authority stands ready to buy or sell at price op. In any one year pro

ducers gain c J d + e (Figure 2-20) or a + b (Figure 2-21) whenever V > P.
 
p

Algecbraicallv the gain in producer surplus may be expressed as:
 

A(PS) = Gp = (Wp - P) [S(P)] + 1/2(op - P) [S(p) - S(P)] 

(6) C = 1/2(ip - P) [S(P) + S(G )] 

Also, since
 

E() a+ F(B - a)
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and 

P-I - II 
(7) li 	 = 3 Ot 

p a + b 

Substituting (1), (5) and (7) into (6), and simplifying gives: 

(/2[i p -( - )] [2c + a(P - 1 + B 

(8) C 	 = 
P a+b 	 a+b
 

Applying the expectation operator to (8) gives: 

(a + 2b) a Ct - ao3 
(9) E(Gp) = 

2(a +b)" 

Analogously, for consumers: 

(2a + b) a -bo 
(J.0) 	 E(Gc ) =2
 

C 2(a - b)
 

Therefore, the total expected gain from stabilization is given by: 

0 +0 

a b)= ( +(11) E (G ) 
9(a + b) 

and since a = VAR 0 a +0 

pp a + b (a + b) 2 

then 

(12) E(C) (a b) PP2 	 p 
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The expected gain from price stabilization is larger as price variability
 

increases and as the slope of 
the demand and supply curves inc:rvase. Produr; 

and consumers are better off with price stability than witli price variability
 

since those gaining from stabilization can compensate those losing, leaving
 

everyone better off.
 

S. Turnovskv (1978) worked with a non-linear model and with stochastic
 

disturbances that enter multiplicatively. 
Th:s led him to some modi.fications
 

of Massell's results about welfare distrbution. He found out that in such
 

circumstances the desirability of stabilization is independent of the origin
 

oF the stociastic disturbance in the price of the agricultural commodity 

and depends only ol the deterministic components of the demand and supply
 

curves.
 

In more detail, Turnovsky 's results showed the foll owing: 

a) producers will gain from having either demand and/or supply distur

bances stabilized if demand is elastic and supply inelastic; otherwise they
 

lose;
 

b) consumers gain if demand is inelastic and supply is elastic; other

wise they lose;
 

c) stabilization leads to an overall welfare gain unless either demand
 

and supply are perfectly elastic. (The assumption of multiplicative dis

turbance is quite restrictive. These conclusions don't hold when the
 

demand and supply functions are log-linear.)
 

David Biman and ahoaomo Reutlinger (1978) relaxed some of the assumptions 

and restrictions of the Waiunh-0i-Ma :-,s,]l anal.ys is. First, they argued that 

cc rta in results ari;ing from .l.inca r demand and s upp1.y functions do not

,'ueral ize to the nonlinear case. Second, they feLt. that a "complete" price 
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stabilization achieved by means of a sufficiently large buffer stock is
 

impracticable and unrealistic since the cost of stock sufficiently large 

for complete stabilization would invariably exceed the gains, and in practice 

governments are more likely to engage in only partial stabilization and 

storage capacity is constrained. Threfore, they focused on gains and costs 

from partial stabilization and on the extent of stabilization achievable by 

employing a given size of stock. Third, they noted that the desirability of 

price stabi.ization on the basis of welfare gains alone is a weak concept 

since economic efficiency is only one among several objectives of stabili

zation policy. They wrote: "In most countries the primary objective of 

buffer stocks and other stabilization policies is to ensure a regular flow 

of supplies to consumers and to meet the needs of vulnerable sections of 

the population." Their mai.n argument is that avoidance of protectionist 

trade policies can be a more powerful instrument for stabiliz~ng domestic 

agricultural prices and ensuring the continuity of supplies than any reasonably 

sized buffer stock. 

They presented a method to analyze: a) the extent to which annual 

instability in a country's food grain production and the world market price 

of food grains translate into instability in the country's food grain con.

sumption and price, under alternative trade po.licies and market structures, 

and b) the extent to which a buffer stock of varying sizes contributes to 

stabilization and at what social and financial cos L or gains to producers, 

consumers, and the government. For this purpose th-ey dIcvcloped a stochastic: 

simula t ion modtl wh iclh assumed thaL supply duc Is ions of ag cul t ura l commodi t ies_ri 

are made before the actual price is known. That is, they are made on the 

basis of the past year's price, which is the expected price. 
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Before examining this complex model in deta:il, it is useful to look 

at the stabilizing effects of trade on the domestic market and welfare gain 

or losses from price stabilization with and without trade by reference to 

a simple linear two-country model. 

Let the markets in two countries be represented by the following supply 

and demand functions: 

S. = a. + h.P. + U.
1 I 1 1 I 

D. = c. - d.P. 
1 1 1 1
 

VQ- 1,2) 

where 

P.: actual market price
1 

P.: expected priceI 

U.: random disturbances, which are assumed to homoscedastic and
1 independent 
across the two countries and time, with: 

E(Ui) = 0 and ) = A2 

Stochastic changes in demand are disregarded. In the absence of trade, 

prices are determined independently in the two countries: 

U.
 
). = - _
 
1 i d.1
 

When free trade is permitted and abstracting from transportation cost, the 

price in both countries will be the same: 

P* = Pl = P2 
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so
 

U11+ U2 
p* = p* d +dd 1 + d2 

The variance of price and consumption in country 1 without and with trade 

with country 2 will be as follows: 

Closed
 
Economy Free trade
 

2 2 2 
V(P) =01 V(P*) 0 2 + 02

Variance of price 


(d1 + d2)2
d I2 


Variance of consumption V(D) = Ol2 * (d+ (r,2 + a2 

Comparing the international price with trade and the domestic price without
 

trade gives:
 

+
V(P*) = V(P 2 V(P2)
(d1 + d2)2 (d1 + d2 ) 2 

Thus, V(P*) can be smaller than both V(P 1 ) and V(P 2 ). Both countries may 

gain from trade by having a more stable price (a risk pooling arrangement).
 

For the n - country case,
 

n n 2
 
V(P*) = Z di V(Pi)/(Z d.)
 

i=l i=l
 

Therefore, the larger is the number of countries engaged in free trade, the 

more likely it is for all countries to have more stable prices. The same 

holds for the variance in consumIpt ion levels;. 
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The expected gains from price stabilization to consumers, producers,
 

and to the economy as a whole in country 1 with and without trade are given
 

below:
 

Closed 
Economy Free Trade 

Consumers expected gains -1/2 l -1/2 d1 (c1 + 22) 

E(C i)(d]. + d2) 

Producers expected gains 

E(c;p) 12/ 2/E ( 
 dl a1/ (dl + 
d2)
 

Total expected gains 2 22) +2 

E(GT1 1/2 1 2 
T I2(d 1 + d 2 ) 

Therefore for both a closed economy and free trade, producers will always 

gain and consumers will always lose from price stabilization under the 

assumptions of linear demand functions and stochastic disturbances in supply. 

However the net gains for the economy as a whole will always be positive in 

the closed economy: whereas with trade, the country may gain or lose from 

price stabilization. 

A country will have larger welfare gains the more stable is the supply 

in the other country but the less stable is its own supply. Furthermore, 

a country is more likely to gain from price stabilization if its share in the 

world market is small compared with the other country. Thus, an assessment 

of stabilization policies that focuses on a closed economy and ignores the 

effects of trade may overstate the welfare gains. 
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Now we are in a position to present Bigman-Reutlinger's stochastic 

simulation model. This approach does not yield readily definable genera

lizations since the outcomes depend on the specific paramukters applied in 

the analysis. The followin g is reproduced from Bi gman and Reutlinger 

(pp. 10-29). 

"The model is an open economy model, prAncipaly concerned 

with examining stabilization policies for food grains. It examines 

explicitly random fluctuations in a country's production and in the 

international price of grain. The country is assumed to be "self

sufficient" in the sense that in a "normal" year, when both the 

country's production and the world price are at their mean level, 

there would be no differential between the price in the world and 

in the country to provide an incentive for trade. Yet random fluc

tuations in the supply of either the country or the world may create 

at times price difuIrentials to an extent that disp iC t ransporta

tion costs and tariffs, imports or exports could occur. Thus, 

"self-sufficiency" as such is not assumed to preclude trade. As 

we shall see below, even countries which embark on the objective 

of self-sufficlency in food supply could realize subst ant ial gains 

from trade a:; a consequence of less than ;,crfcct.ly correllat~ud ran

dom fluctuations betweer food grain production in Wine country and 

the rest of the wor]d. 

For any given level, of grain production in the world and in 

the country, the model estimates: (a) wor]d price, (h) price and 

quantity of grain consumed, stored and trad, d by the count'y , and 

(c) gains and losses to consumers, producer:, gOvCrncniL'at, and 

society. Below, the structure of the model is briefl y described. 

http:crfcct.ly
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a. 	World price 

Examination of the effect of trade policies on the sta

bility of a country's grain market requires an estimate of the dis

tribution of the world Dri:e. Since, there - litt le direct histor

ical 	evidence for estimating future variability of the world price,
 

a simple (much too simple a model for other purposes) world price
 

model is postulated which transforms any production level into a
 

world price on the basis of a pre-specified world demand function. 

World production is assumed to be a random variable with a specified 

probability distribution. 

b. 	Count r',s oroduction 

Production of grain in the country is a random variable 

with a specified probability distribution. In our stationary model, 

planned production remains constant. Allowances are made for the 

possibility of year-to-year serial correlation in production and 

for correiation between the country's production and world produc

tion (and therefore t->hworld trade).
 

c. 	Countrv's demand 

The countrv's demand for grain is assumed to consist of 

the combined demand of two consumer groups defined by their income 

level; a 3,ow incwome group and all other cons.umre s. In the version 

of the model pro sunted nere , the government is assumed to have an 

explicit food policy by which the 
low income group's consumption is 

assured not to fail below a desired level. l'l total demand func
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tion consists of two linear segments with a "kink" at the mean, re

flecting the inelastic demand, induced by the government's inter

vention on behalf of Lie oX.'lnAcome group, wi en supplies are scarce. 

d. Inturna Liona l t rade 

Trade acLivities between tie counLtry and the world are 

carried out by the free market within limits of a specific trade 

policy implemented by the government. Thus, grain is imported 

when the domestic price exceeds the import price, and grain iK 

expor ted when the export price exceeds the domestic price. The 

import and export prices are determined by the world price, trans

portcation costs and tariffs. The instruments for enforcing gcv

ernment goals with respect to trade are tariffs and quantity con

straints. 'lhose goals need not no rest ricted Lo the DaLance of 

payments and we have also considered policies whereby exports are 

not permitted when the quantity available for domestic consUtML)i on 

is below a prespecified lower level and import is restricted never 

to let the domestic price fall below a specified lower limit. 

e. Sa jpL. i c i 

Storage poilci us consist of (.a) rules which determine the 

form of storage activities, and (b) a storag;e cap"Aci[ c 'urin

ing the actual level of storage activity. In the pre:,u;nt paper, 

storage rules are defined by a quantity band. Within tie ip ,:adar

ies of the biand supply is allowed to fMuLaee fre Iy, w,,.ithnno 

storage activiLy. When dounest ic prodction (Q) XQ.:c,,d; Li upper 

limit of tihe (QH) .mlui~llI 0! A o be : ,red,;nk the "desired" L;'ii 

is the excess of production above Qt* Si£mil:rl,,,, wAen pic tio 
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is less than the lower limit V the bank (QL) the "desired" 

amount of grain to 
be taken out of storage is the amount by which
 

production fa.ls short of Q. 
 The actuil amount of grain put into
 

storage cannot, of course, exceed available storage capacity and
 

the amount of grain released from storage cannot exceed the amount
 

available in storage, at that vLar.
 

Note that trade and storage activities could be substituted
 

for each other on occasion to achieve stabilization objectives.
 

When production is short, 
the world price is low and stored up
 

grain is unavailable, grain could be either 
imported or withdrawn
 

from storage. Likevise, when production is plentiful, export prices
 

are 
high and thuru is vacant storage capacity, grain could be either
 

exported or stored. 
 We have assumed that the authorities emphasize
 

the food security aspect of the storage operations and thus grain
 

is imported via the free market. On the other hand, in 
times of 

good domestic harvest, excess suppl.y is first put into storage and 

the rtmaii Lng quantity is released for exports, provided the world 

price is attracLive enougih. 

One point is worth emphasizing with respect to these storage 

rules: the domestic pric, in any given year depends on the quanti-


Ly produced domestically, the world price 
,,don the quantity (,f 

grain in storag r rhcvacant storage capacitv at that yer. The 

latter, ir turn, depend on the quantities of grain produed domes

tical,Ly and on the ;orld prices in previous ye.ars and on the initial 

stock and storage capacity. Consequently, some degree of serial 

correlation is introduced into the time series of domestic prices 
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due to storage operations, even when there is no such correlation
 

in production.
 

f. (;jins and losses from sL.)k operaLion 

The gains and losses from a stock to society as a whole 

and the gains or losses 1o conumers, producers and the government 

separately depend ]arge-y on the difference between the price of 

grain with and without stock operations. When grain is withdrawn 

from the narkut into sterage the price is raised; consumers lose 

and producers gain. Vice versa, when grain is withdrawn from 

storage to augment current supply the price is reduced; consumers 

gain and produers lose. 

These gains and losses as well as the costs and revenues to 

the government when grain is put into or withdrawn from storage 

are illustrated in Figures 2.2-.(a) and 2.22 () and ir:c summa rizud in 

Table 2-1 terms the areas th 'The ;overnin of designated on raph. I 

ment is expected to make its storage and trade policies known. 

Hence, grain is purrha.inrd hy rho QeVrT m tfot for tor-.ct by 

porters and by consumers at the equilibrium price. In Figures l(a) 

and 1(b), the quantity supplied for curren t consimp Li on without 

storage is Q and with storage Q'. P and P' are the respective cor

respoiding prices. 

Data and Paramoters 

Simulations were conducted with the postulated model in 

order to investigate orders of magnitude of tile ]ikL,.ly effecLs of 

alternative policies and the sensitivity of such outcomes to pajraji1

eters and data. Although the data are not r:epres'ntraLivtw of any 
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GAINS AND LOSSES FROM STORAGE OPERATION
 
Figure 2.22(a): Grain into Storage
 

F 

D 

QAB
 

SOURCE: 1). Bigiman and S. Reutlinger (1973) 
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GAINS AND LOSSES FROM STORAGE OPERATION 
Figure 2.22(b): Grain out of Storage
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SOURCE: 1).Biginan and S. Reutlinger (1978) 
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Table 2-1: 	 fypes of Gains and Losses When Grain is Stored and When Grain is 
Withdrawn from Storage by Reference to Areas Shown in Figures 
2.22(a) - 2.22(b) 

Designated 	Area of
Types of Gains and Losses Gain or Loss 

Grain into 	storage [Fig. 7 (a)] 

Consumers -A - B
 
Producers 
 A + B + C
 
Government (financial) 
 - B - C - D 

Overall (economic) - B - D 

Grain withdrawn from storage [Figure 1(b)] 

Consumers F + G 
Producers 	 - F
 
(,overnment 	 (f in;icial) H 

Overall (economic) G + H 

SCJIRCE: ). 	 BLgmnan and S. Reutlinger (1978) 
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particular country, they are deliberately chosen to approximate 

orders of magnitude to a ,_ountry like India. In this section we 

describe the kind of simulations and the data and parameters under

lying illustrative runs of the model. 

a. 	 Simulation experiments 

The 	results reported in this paper were obtained by simu

lating 300 runs of 30-year sequences of production "events". The
 

total sample size consists therefore of 9,000 observations drawn
 

at 	random from the speciflod probability distribution.
 

b. 	Uountry's production
 

The country is assumed to produce an average of 110 million
 

tons of foodgrains. Specifically, production is assumed to be dis

tributed normally with a mean of 110 million tons and a standard
 

deviation of 7 mi.lion tons.
 

c. 	Country's demand
 

Tota. market demand is assumed to be the sum of the sep

arate demand of "low' and "high" income consumers. Consumption by 

the "low" income population is maintained through governmen inter

vention at a ininimum level, assumed to correspond wi their con

sumption at the median price of $125 per ton. TIhe con.shumpt ion 

maintenance policy i.simplemented through a price subsidy scheme 

for the low income populi tion. The specific parameters of the 

demand schedules adopted for the numerical :ianlvsis are listc:d in 

Table 2-2. Equ I liodgra 0 coinsuminpti ion by the 1low ;iind tMe hig''h in

come group at: the median price of $125 sub-;umes that the I ,w i.ncomc 

group consists of more than half of the toLal IIpopula tion and per 

capita consumption is less the low income group.sin 
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Table 2-2: Country Demand Parameters 

"Low" Income "High" Income Total 
Population Population Population 

Quantity consumed 

at P = $124 (million tons) 55 55 
 110 

Price elasticity of demand
 

for P < $125 
 0.4 0.2 0.3 

for P > $125 0.0 0.2 0.1 

SOURCE: 1). Bigman and S. Reutlinger (1978) 



d. 	World price
 

World price production (Q) is assumed to be normally dis

tributed with a mean of 350 million tons and a standard deviation
 

of 14 million tons. This distribution is transformed to a distri

bution of the world price on the basis of a "kinked" demand function.
 

At the mean level of world production the price is $125 per MT and
 

the price elasticities of the two segments of the demand function
 

at that point are as follows:
 

q= 0.1 for P > $125
 

q= 0.3 for P > $125
 

Notice that while production is assumed to be distributed
 

norma.l.ly, the transformed distribution of price is skewed with its
 

mean being larger than the median.
 

e. 	Trade and trade poiicies 

Shipping costs are assumed to be $25 per ton. Trade poli

cies are implemented by.' quantity restrictions and by the level of 

tariff. Imports are not permitted to increase total supply above 

112 million tons and thereby to reduce t:he domestic price beLow .95 

of the median pri ce . Expo rts are not plurmit cd to reduce the quan

tity avaii.able for domestic consumption through imposition of tar

iffs beLow LOH million tons. In addition, three trade policies im

plemenLed are examined in the base case: 

FREE TRAI)E: No tax is imposed on exports or imports; 

RESTRICTED TRADE: The government imposes a tax of $25 

per ton on any imports and exports; 

http:norma.l.ly


112
 

NO TRADE: The government imposes a tax high enough to rule out
 

all trade
 

f. Storage rules and storage costs
 

Grain in excess of 112 million tons is put into storage 

to the e'ntent that there is vacant storage capacity. Grain is 

taken out of storage when domestic production is less than 108 

million tons to the extent of the deficit or to the extent of
 

available stocks in storage, provided the world price is 
so high
 

as to prevent any imports. A handling charge of $2 per ton is
 

assumed at the time grain is loaded into storage. The rate of
 

interest for grain held in storage is 
8 per cent and construction
 

costs are assumed to be $100 per ton of capacity, storage facili

ties are assumed Lo be amortized within a period of 30 years.
 

Simu Iat i n Results 

Tables 2-3 and 2-4 provide results from simulation experiments
 

regarding the stability of a country's grain consumption and price 

under the three postulated trade policy scenarios and without and 

with buffer stocks. Clearly, in tie closed economy a buffer stock 

can have a sizeable stabilizi ng effect. But what is more noteworthy 

is the striking s;tabilizing effect of opening up the countrv to 

trade. As the country becomes more open to trade, the additional 

sta bilizing effect of the buffer stock is progr:ssively reduced. 

Comparing the results show that a moderate degree of correlation 

does not alt:er these conclusions signific.antly. 

Ii rvt,2.23 illustrates the cx:ent W sopv st;mbilizmlon at

tained by the three trade scenarios andi increap~ing sizes of buffer 



Table 2-3: Stability of Food Grain Consumption and Price Under Alternative 
Trade Policies, with and without a Buffer Stock 

Storage Capacity 
 No Trade Restricted Trade Free Trade
 
(million tons) 0 0
6 	 6 0 6
 

------------ Probability (%)------

(No 	correlation between country grain
 
production and world wheat production)
 

Grain consumption
 
(million tons)
 

< 100 	 7.2 4.2 
 0.8 0.4 0.3 0.1
 
100 - 105 16.3 9.9 9.8 5.2 5.9 2.9
 
105 - 115 52.9 72.0 72.4 83.v 81.1 88.0
 
115 - 120 
 16.0 10.2 12.4 8.3 11.0 8.0
 

> 120 7.6 4.6
3.7 	 2.5 1.7 1.0
 

(Correlation (R2=0.3) between country grain
 
production and world wheat production)
 

Consumption 
(million tons)
 

< 100 	 7.2 4.2 
 1.8 1.0 0.7 0.3
 
100 	- 105 
 16.3 9.9 12.4 7.3 E 5 4.8
 
105 - 115 52.9 65.8 74.2
72.0 78.8 	 83.2
 
115 	- 120 16.0 1.0.2 14.1 9.7 13.5 9.7
 

> 120 
 7.6 3.7 5.9 3.2 3.1 1.9
 

Source: Bi.gman and Reutlinger.
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Table 2-4: Stabilization Effects of Buffer Stock Under Altera1ive
 

Trade Policies
 

Storage Capacity No Trade Restric ted Trade Free Trade 
(million tons) 0 6 0 6 0 6 

(No correlation between the country and_thje wrw.id_rin p2roductio.q) 

Quantity (million tons): 110 110 110 110 110 110 
Average (S.D.) (6.9) (5.3) (5.0) (4.0) (3.9) (3.3) 

Price (S/ton): 145 140 139 136 136 134
 
Average (S.D.) (54) (43) (35) (28) (27) (22)
 

Balance of trade
 
(0 milions):
 

Average .. .. 3 -2 -4 -16 
(S.D.) .... (600) (515) (767) (696) 

Subsidy payment.i
 
($ millions)
 

Average 1,700 1,250 1,175 935 900 750
 
(S.D.) (2,500) (2,050) (1,465) (1,185) (1,150) (900)
 

Farmers' revenue
 
($ millions):
 

Average 15,650 15,200 15,070 14,825 14,800 14,635
 
(S.D.) (4,750) (3,600) (3,000) (2,300) (2,435) (l,940)
 

(Correlation (R 0.3) between the country_ and the world rifLin_roduction) 

quantyit (million Tons): 110 I0 11(0 110 110 110 
Avorqe (S.D.) (6.9) (5.3) (5.6) (".5) (4.6) (3.8) 

Price (S/ton): 1,45 140 140 137 137 135
 
3
Average (S.D.) (54) (43) (40) ( z) (32) (26)
 

BalanCe of trade
 
($ millions):
 

Average .. .. -40 -31 -54 -53 
(S.D.) .... (452) (392) (626) (567) 

Subsidy payments
 
(0 millions):
 

Average 1,700 1,250 1,300 2,000 1,000 850
 
(2,500) (2,050) (1,700) (1,400) (1,350) (1,100)
 

Farmers' revenue 

($ millions):
 

Average 15,650 15,200 15,100 14,850 14,850 Ih,,650
 
(S.D.) (4,750) (3,600) (3,400) (2,600) (2,800) (2,200)
 

,Seurcp,: B'i r.man and RM.,It.!n,,,r
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Figure 2-23: Relative Frequency of Serious Supply Shortfall with 

Alternative Storage Capacities and Trade Policies 

Probabiity (Z) I 
of Shortage iAl 

excess of 5 
tliilion Tons Irade! 

Restricted Trade 
-..... ---- Free Trade 

24 

20 

\N 

16_ __ 
\N 

\N __ _ 

\N 

12 

0 36 9 12 

Storage Capacity (Million Ton) 

Sou rce : BiIgian and Rcti.Inge r 
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stocks (storage capacities), as measured by the probability of a
 

serious grain consumption shortfall. The graph illustrates that
 

even as larger a buffer stock as 11 per cent of annual average con

sumption would not have provided the same degree of proteci:on
 

against extreme shortfalls as could have been obtainedl by opening
 

up the country to trade. The s.lope of the c urves depicts tLe mar

ginal contrtbution to stab I ity of each add.i t ona l uni t of storage 

capacity. Clearly, the marginal effects are smal ler when trade re

strictions are relaxed and in all cases decline sharply for increas

ing levels of storage capacity. For instance, increasing the stor

age capacity from 6 to 9 million tons will reduce the probability
 

of a serious shortage bv some 3 per cent if no trade is permitted
 

and by less than 0.5 per cent under free trade. For an illustration
 

of the decreasing marginal stabilizing effect as storage capacities
 

are increased, note that without trade, invreas ing the storage ca

pacity from 0 to 6 mil.lion tons reduces the probabilitv of a sertous 

s,,hortf.all from 2 to 14 per cent but a similJar increase from 6 to 

J2 million tons reduces the proba bilitv of a s erious shortfalL only 

from 14 to 1 1 per cent. 

As seen so far, the stabilization benefit from a bufFer stock 

can be much hiih.r in a closed economy than in a country whichLakes 

advant;pe oFIoppnrtunittes for trade. This relationship is of corse 

reflected in the net cost of the buffer stock operation. This net 

cost is redtuced as the number of transaction:s (acqui.sit ions for and 

sales rom stor;ge) and the price differentials at which these trans

actions take place incrases. Table 2-5 gives the y: in. and losses to
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Table 2-5: 	 Annual Economic and Financial Gains (Losses) from a 6 MNT Capacity 
Storage Operation 

No Restricted Free 
Trade Trade Trade 

(No correlation between country and world grain production--$ millions)
 

Total economic gains -12 
 -59 -73
 

Consumer gains -30 
 -35 -8
 
Producer gains -380 
 -180 -125 

S.;'g .oeration account -371/ -62 -79
 
Ciangie in tax revenue 2/ 
 • • -12 -4 
Saving on subsidy 435 230 143 

TotI government account 398 156 	 60
 

(Correlation or R" = 0.3 between country and world grain production--$ millions) 

Total economic gains -12 -46 -60 

Consumer gains 	 -30 
 -65 -33
 
Producer gains -380 
 -183 	 -131
 

Storage opui-rLion account 1/ -37 
 -53 -69 
Changp.q in raw revenue 2_/ . -9 -2
 
Savings in :;ubsidv 435 264 
 175 

To taI gove rnmuit C.,oUt- 398 202 104 

SOURCi: Bigan~i; and Runtl inger
 

--!Inciudin. $53 mil1ion amortization costs.
 

/"Ouanti tv rest ricttIms" on imports and exports are implemented by an
 
appropriate tLariff. Thtius, tie government will have some tax revenues in
even 

"free trade" pol icy.
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society as a whole and their distriburien among consumers, produc

ers and the government from a 6 million ton capacity storage oper

ation.
 

For the cJo.t d economy, net annual economi (ccosts of a 6 

mi.lion Lon buffer stock would be onl1v some $10 million. However, 

with fr?. trade such a buffer stock would not only contribute much 

Jess to stab. 1. iza rion of domestic grain consumpti on ;nid price, but 

its net annual cost would be over $70 million. 

ie distribution of losses and gains is al so interesting. 

With tie spc ifid.c demand fonetinm, stabi1-i zaLion is expected to 

yield a posi ti ve consImn.r surplus and a negative producier surpl us. 

Yet, coiisumers ",re seen to suffer losses. The reas"'; iK that under 

t-he postulated subsidv program, low income consumers doli It gain 

from tLto redUt: Li in in price when grai;n is cremoved from storage. 

They pa. the ,same the )r whteni Price regardless of minrke t c'u supplies 

are scarce. When the subsidy program is pract ied, this surpl.s 

ace cc n.una ri Ly to the g eroMen in the farm of savi ngs oi ub

sAd' paymnt s. Thc mIe co sed the 'cononv is- to into rna tiojim 

trade, and the larger is the buffer stock, the larger are h.:;e 

fiscal benef its. 'lit s shou ld not he interprie d to iu.an, however, 

that gavernm.nts olt,d favor prote_:ct In st po ice; and l'ar'e buf

fer stocks. , the . i, r ins' itv, Lieu ";,g , rhu ,,,}vrlmn t fromia 

:stoek nlv part Ni.Iy cInlenqaL for the add!it I.n! V! cal burden 

te g'ventment incrs in the tirst p ace, as ,ail'osvtueitci of greaLter 

inst:Abi 1I tv in ,r-in prices introdced by Kle t rde l',, rict 10115. 

of I.n,'re; ny'. M,:cv.: A7f',,Fr,,r n ,,k ,'or:lt , .,'''n,, a'! 
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Total Net Figure 2-24: Economic Cost and Supply Stabilization 
CosL of Stock 

($Million) with Alternate Trade Policies 
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scenarios. While the probability of a severe shortfall1 in con

sumption declines with increasing stock levels, this increased
 

protecti on .is bought at rapidl.y acceuerIating costs to the economy.
 

Only in the ,roseof a c.losed economy and only for a very small 

stock would there be a sinail gain while the prolbahiIiLy of a se

vere shortfall is reduced. Under the restnc Led trad,. scenario, 

and annaL outlay of $45 million for huffer sto cks would reduce 

the probability of a severe shortfall by 5.0 per cent. However, 

and additional, outlay for buffer stocks of the same magnitude 

would reduce the probability of such a shortfall by only an addi

tional J.1 per cent. 

Conclus tons
 

The single most important conclusion from the theoretical. 

a nalysi s and tWte simulation experiments wi. th the model presented 

in this paper is t at in most cases, trade and buffer stocks are 

strong suit tes for stah.il iz n. a country's food grain supply 

and price. To the etent tht trnde and buffer stocks are equal.ly 

effective in .ichileying a desired level of stbIiLty, countries can 

choose l)twi,i libt r, i zed ti ,d, and buffer torks. If a high level 

of stn iL Ltv in d,'ired, Lt v buffer ,torkoption ran be very costly. 

obviously, Lhe tr:ilt option has its costs a wel n the ',urm of 

larger flurnat i5 in forei exc:.h.ange ba lanies. Havig recognized, 

however, the staMbilizi ng fUnCLs ofr in ternationa l trade, the choie(: 

5st of va ri, ,; po iI s aimed at ;,chi,,vi a , pres;i ifif ,d stah liza

tion al s nhio ld inuI dn trade . NY tahe ghourde p",i cie deci sion IU 

)(_, Ill!, o,! lr , K!;:i> 4 of' C 1pt efftCC' t jV 'pVSS,>; Thet opi "{!o f rodW e 

http:equal.ly
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should also suggest different directions in the efforts by the 

international community to ensure 'istable flow of supply to 

developing countries." 
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Income Stabilization Schemes
 

James P. Houck (1973) identified two groups of income stabilization
 

schemes. The first group includes thos;e that operate outside the market to
 

adjust incomes of primary producers without altering the market mechanism,
 

for example, a) progressive income taxes, b) flexibility in debt repayment
 

schedules, and c) flexibility in credit availability for production purposes
 

and famil' expenses. This type is often carried out by specialized credit
 

agencies, insurance programs against crop yield failures, direct payments to
 

farmers or lrovision of road and railway faci.:i.ties. The second group
 

include pro rams that affect the market mechanism in their attempt to 

stabilize incomes.
 

For this second group of income stabilization schemes, Houck established
 

the following specifications. First, assume that the central government
 

decides to stabilize the incomes of primary producers. It decides the 

device to use, the e..tent c stability of income to be achieved, and its 

d istrA.t on among participants in the market. Secondly, assume that the 

aggregate annual or marketing season gross income for the agricultural.
 

commoditv in q. ,ion is to be stabilized and that the level at which :it 

Nsunh l zed will be the .long-runopen market trend value of price multiplied 

by averagre annual outut. Then, the government wilh act onlv if the income 

Mlw threatens to exc eed or fall short of some acceptable zone, which is 

tself a function of the resources aval.,able to the authori.tv. 

In F.igure 2M. the hyperbola UU represent thbe upper bound of the
 

acceptable zone, sucih that any pair on this ctrv yields the maximumf
 

:ucupntable incomu. Simiarv, the hyperbola U!.reproev,.L 5t.h lelower bound
 

http:authori.tv


123 

P 

Ds
 

/7/
 

Figure 2-25: Zone of Acceptable Prict'-QIdunt iLy Combinations 

p 

U 

S
 

L D 1
 

(~i U 

S~I) 

;rockBu Fuiud With 

Fl ic tualt I n ', Demand 

Figure 2-26: Bu-f fer oi- fe r Oppurations 



124 

for a miniunm acceptable income. Therefore, the shaded area represents
 

the acceptable zone of combinations of prices and income. If the annual
 

equilibrium in the market for the commodity occurs inside the zone, the
 

government does nothing to alter market operations. Otherwise the authority
 

intervenes in the market. 

Houck gave the example of buffer stock or buffer fund programs designed
 

to stabilize aggregate gross income rather than producer prices. Under the
 

assumption of inelastic supply response, income fluctuations caused by
 

filuctuating inelastic demand, such that in periods of low demand (as given
 

by SS) the open market equilibrium will be at point f, which is below the
 

lower permissible income given by the curve LL. Point e could be achieved
 

tither through a buffer stock operation, which will require buyers the
 

Nmount do in the market, or through a buffer fund operation making, per unit 

S, .ymnLtsto farmers equal to ef (Figure 2-26). With the former, price for 

the entire output will rise to the e lcvel. With the latter only the 

runlaA d price will be adjusted while the market wi] clear at point f. 

Tje oppos ite situation wi11 prevail at a h.iglh demand level D)'. Either 

the quantity b can be sold in the market or a per-unit tax of ab can be 

app lied. 

'The case for a given demand curve (dd) and f.,"ctuating supply curves 

(!..,u,. to in planned productions)due a cnange in weather conditions, or changes 

is Elustrated in Niure 2-27. Point a reflects an equ. oibrium for the 

open market st the low leve. of suppl-y, which Is outside ,f tl'l prmissol)le 

A buffer stock peration would require sale of ;m1 . oaN atmounL h 

pus i ta't! marke t to it,qcu! I lbru pricyv down the ma:: v!mum Aeii';cce A '. A butffe 

fund operationi tl] used by ,atax the prLdccr f price inO be imlposin on 
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order to 
reduce the producers' per-unit return to the permissible level.
 

Similarly, in periods of high supply, a buffer stock operattion could
 

acquire an amount de 
or a buffer fund operation could subsEdize producers by
 

ef to move producer income up to the minimum desirable level.
 

With more elastic demand (in Figure 2-28) in periods of larger supply,
 

the equilibrium on 
the open market above the maximum acceptable point.
 

In this case opposite operations of buffer funds would be needed 
to maintain
 

the maximum acceptable P-0 combination given by point In periods of low
e. 


supply, acquisition by 
the buffer stock agency equal to ub or subs idies by
 

tMe buffer fund equal to ab would be made return
if to to b the minimum
 

;ccuptable combination. In this case, however, the buffer stock would add
 

instability to the market by acquiring more stocks in periods of low supply
 

or by setling inventories in periods of high supply. As a result producer
 

prices will 
be unstabl.e and positively correlated with the elasticity of
 

d .and. Nonetheless, gross income will be stabilized.
 

Fp S 

L 

S1!
 

S 

Fi.tre 2-28: Bufter Stoc'k,.!i r r.' p'r(. With 

F.lucttlat iny5K".PA YJ -P, M- IS. , nu ", 
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In summary, price stability and income stability can be achieved 

jointly, depending upon the sequence and correlation of shifts in demand 

and supply. In iouck's words: "Generally speaking, price stability and 

income stability are achieved jointly when (1) demand shifts are large 

relative to supply shifts, and/or (2) --mand is relatively inelastic at the
 

producers' level."
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Objectives of Price Stabilization Programs 

Raj Krishna (1967) pointed out that objectives of agricultural price
 

policies may be quite different in different parts of the world. For 

example, in Western Europe and USA policien are more concerned with problems 

created by deceleration of demand and the consequent accumulation of surpluses. 

In most of the developing countries the problem is a growinv gap between 

demand and supply. Sene countries have a diversified pattern of production. 

in other, one, two or a few crops dominate. In some countries land is still 

available for settlement and cultivation, but in others there is overpopulation 

relative to available land. Therefore objectives of price policies may be 

different in these different situations. 

Generally speaking, the objectives of agricultural price policy in Europe 

and the USA have been price stabilization and income support. A report 

from OEEC (1961) stated: 

"A reasonable degree of stability of prices and of agricultural.
 

markets. . . was a istorica.ly the first objective of price sup

port p l icies . . . An impo:tant objective of price policy con

tinucs to be. . . the avoidance of sharp pricc fructuat ions but
 

its primary feature Ls to centribute to the hong run assurance
 

to producers as regards the support of tMi r income."
 

Agricul. Lural prLcing policies Ln developing countries hmave often 

been used negatively to lower the price of food and other agricultural 

goods and to increase the relative prices of manufactured goods. Brown 

(1978) surmised that the reasons s)C.have used pr ice poi Lc ivs based 

against agriculture include: 1) aggregate gr icultural! production is not 

very responsivt to price changes, 2) the chie f beetmficimarites of higher prices 

would be the larger size farmers who res o'o d by inc reas;[ing output, 3) that 

higher prices for food and other agricultura h-rel1atvd basic goods much 

http:istorica.ly
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as clothing would most adversely affect low-income consumers, 4) manu

facturing provi.des a more rapid means of growth, and 5) achieving a target 

rate of growth depends on large transfers of income and foreign exchange 

from agriculture to manufacturing. A negative agricultural price policy 

(involving both prices and taxation) Ias been a common feature of policies 

in the early phases of development in both capitalist and socialist
 

countries, although very dissimilar institutional, mechanisms have been
 

used for impiementing them (Table 2-6).
 

Krishna (1967) argued that there is some critical minimum rate of 

agricultural growth without which a plan would not be able to achieve its 

general targets over the plan period: 

"If the circumstances of a country permit this critical minimum 
rate of agricultural growth to be realized while the terms of 
trade of agriculture are depressed against it in the crad'tional 
way, there would he no need for a positive agricultural price 

policy. But the cvidence shows that in many developing countries 
the minimum rate of agr icul tural growth consistent with rapid and 

sustained general g r(owth can be quite hi gh and that a negative 
price pol icy cannot be followed without risking failure to achieve 
the desired growth." 

Table 2-6
 

Countrv Nature of Price Poliicies Source 

United Kingdom Corn laws; in tih 19th Cntur had the :im 
of lowering ti, relative pr icc of Iood and 
raw m tur ,ils in relation to the price a,
manu faicture;. Tracy, 1964 

Russia The vol Ict iviza t in o ;gr i u rt was 
thucorntail,cal ds(le1,1:d bv Imnin a;nd (corgscu

hrai(' i cal lv carried tL W ' Stai in ,X- Rougen 1960 
pl iAci t Ivrau -lri]lu froms,,uy~:l:tOutput
th I ct .V:; tr, ;It a . i , . Kahan 1964 
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Table 2-6 Continued 

Country Nature of Price Policies 	 Source
 

Asian Countries 	 (With the exception of Sri Lanka and Japan)
"The interests of agricultural products
 
have been relegated to second place. Such
 
that the agriculture sector provided a
 
large part of the surpluses required for FAO/ElAFE
 
investment in the nonagricultural sectors". (1958)
 

China 	 "As early as 1953 the regime was forced to
 
abandon the market in favor of centrally
 
determined compulsory quotes for major
 
crops ....The relative poverty of China
 
made these quotas only a temporary respite
 
of little more than 	two years in length...
 
By harming individual farmer incentives,
 
they probably hastened the need for
 
measures which would get to the real
 
problem, that of agricultural output...
 
Between 1955 and 1959... the Chinese
 
communists tried first the cooperations, Perkins
 
and then the communes." 	 1964
 

Japan 	 During the early period of rapid development
 
(1878-1917) the agriculture was taxed 
heavily to finance industrial growth. The 
land tax provided about 70% of government 
revenue during .878-1907 and 40% during 
1.908-1917. Rents remained at more than 
half of the rice yield in the earlier Ohkawa and 
period. Rosovskv 1.960 

Argentina 	 (Commonly cited as an example of a negative
 
price policy carried to excess).
 
During the period from 1.944 to 1955 prices
 
received by farmers were kept low and part
 
of the foreign exchange received for exports
 
was diverted for the benefit of industry by
 
means of multiple exchange rates. At the
 
same time Argentine industrialists were
 
protected by high import duties on competing
 
Products and by a system of import
 
licensing. These had the double effect Inter
of lowering agricultural income and American
 
raising farmers' cost of production. Comnittee 1963 

Ghana 	 About 40% of government revenue Is 
derived from the profits of govern
ment marketing boards and mcrit of
 
this revenue is u.sed to fj!;1Tr.e n 'u Mv i f.
1 

trial development. 	 1964 



131
 

Krishna further reviewed some reasons why so many developing countries 

have experienced constraints imposed by the rate of agricultural growth 

on the general rate of growth: 

1) Early decline mortality without matching decline in fertility 

increases the rate of growth of population. Thcrefore the demand for food 

increases to a level which a slow-growing agricultural sector cannot meet. 

2) The option of importing cheop grain and raw materials is not
 

available anymore.
 

3) The peasantry of the 20th century in many developing countries
 

does not seem to help the policy makers by keeping up the rate of agri

cultural growth at the desired minimum level when the terms of trade are
 

turned against them.
 

Table 2-7 presents a FAO survey of some less developed countries that 

have had to turn to a positive price policy because they were unab)lc to 

realize the minimum required rate of growth of agriculture output without 

it. 

Krishna made some recommendations to be followed when appl ying price
 

polic ies:
 

_) The growth of agricaltural output has to be induced primarily 

through institutional and Ir.ihnol gi cal improvements wit h a great increase 

in the supply of inptL modying these improvements. 

2) Price variabil ity can retard these cihinges ... twr-worc a favorable 

price pol icy is needed de; t.ciO-or i L i t.LiOnalal oni e cliamig'c:s.
 

3) It is desirable to restrict a po":,i , price guueir '
va c- . rogram to 

d few major commtod ities; whic h are p rs' is i i hrt s ipply. 
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T:11le 2-7- T.,) ( 965.) l'rvv 

Commodity Countries WiiiMiinuni Price Poi.cv 

, lind ii P,.ir;iguay 

WHEAT Pakis t,' Syr ia 

India Nicaragua Tanzania 
RICE Pakistan Peru 

/ u;,t t e I Senegal 

t uatemalaMAIZE )hIZ"t'anzania 

BARLEY and 
OLIV!-E Libya 

.Kr i s ia (967) 
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4) The minimum guaranteed price should cover the full bulkline cost of 

improved technology package adopt on, including imputed values of fami ly 

land and labor inputs. Parity prices, in t:he western .Aense of moving average:, 

of market prices, or prices derived from gen er Ialequilintrium niio els of the 

agricultural sector will be either inappropriate or unreali stic option for 

LDCs. 

5) A policy using public stock and distribution operations fur the 

benefit of low income consumers is preferahle to othlr t''pe's of inter

ventions. But In lstres taken to protect cns:mrs should nut damage pro

ducer incentivs;. 

As was well stated by Fletcher (1967), SabilzaLion of prices does 

not guarantee an opti mum price stfructure for economic development. Hie 

defines an efficient price s'UstM in terms of .he re-ults it should achieve: 

"...An opt imutm pric, . Li IcU 't i a'ii ; ,oatc.Mnt',uet '.i.na, rauMpiki: 

all of tiue J l lowili : I) allocatte fact : to insure tihe ,d .. t 
Output and Il[inlUM ritit U MI:: it .rodlch ) i illl- hIit Pt lie-

sirati good;; praocN At inovoln an c irniv,are opltiu wot ~i wfa; 

Wut deaild n,.,:l ide'.'y, ",) far;e i . * .. iton.; 5, t i 

prjit, L i:, d i nt: t,, l . ili(ci imprav,.iam ii nti .'. rl 
Liv stLiu- withai :a-a, i itud~c .:1C I itaa 

Objact iV. , h) Acie ve . v ditLi ntl al.atd a, in i. ua on : .i 

incOela I l.,', i,!liA in ca , il .;ndt i', aii siii: etwcin or hie 

economy.n 

Since there is, no price St'ucture thlaL can do ail tof ,ibove at the 

sanme t:ilie ',what wais s u,t.ad i:n tt poli:v IVevai makers sould a prices 

on the b i is wa,. iit; or I LatSite',..alich d tto ,A .c .a i imI jAii o Kt vCusy 

5 Iique a i al aThere is l s I ica' i>n of ,anipti it at fillnt iiLtl . .i;tt Id 

he rct.iignized , , t rvsptoina a , ; >: i ;pooritlwt'Vcr t;,tha la to i )t.ln U I 

estfl wl ri This plicu leco i si15i l a I iii. res,,-ip; iv'tii,,;; in An imoll ta _liL 
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factor to consider within the context of price stabil izati on and support 

p rograms. 
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Food Security
 

Valdes and Siamwalla (1.980) defined food security as the ability of 

food-deficit countries to meet target levels of consumption on a yearly 

basis. As a target level they selected the trend level of consumpt:ion for 

the given society. They concentrated on food supply variability due to the 

impact of fluctuating weather on the size ef the harvest. They identified 

two distinct food supply prblems faced by many LDC's. First, a large 

and growing long-term deficic in domestic supply. Second, and more related 

to food insecur i.tv probl ems, the uncertain abi Ii tv to finance needed imports, 

to meet immediate targets for consumpt-i on levels:. Also, there are two main 

causes of food insecurity: 1) shortfails from domes -ic production ti'ends, 

which are usuallv weather induced; and 2) sudden Wi'reases in world prices 

for food imports and/or decreases in the price of exports used to earn 

foreign exchange for imports. 

These two sources ol insecurity lead directly to fluctuations in real. 

income ..'itin the country, where the poorer households are the most sensi

tive to sucih variabilities. Thus, if the fl]uLLUL.Ions in realI income can be 

smoothed, food secur ity could be attained. Thu liutnor s arnue that in order 

to ;chieve the aim of food scur i[V, tne capital I market Iechanism needs 

to be operative at ali levels for the counLrv as a whole.as V'! I an for 

individual Ihuscholds. The in;rket m Mu in:-vocapita] Pchanis; nyclve as;s.LCs 

that posss;; ;i high degre. of liquidity7, as tiir conve rsio to food must 

be cffected relativvly quickly. T''e tp o flmuclanism pr ,;..;idis to hold 

a;sseCts'; in the form of ei thier Mock m eV_,s infood tih i2.' or theI'forIm of monetary 

ins truments such as foreign exchange reserves to) he used to pnurcliase food 
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in the short perLods. It has been found that under perfect competition in 

the world food market, food security can be achieved for some LDC food 

importcrs at lower cost through varying the levels of imports while 

operatinig a relatively sina..l buffer stock. ThaL is, the problem of which 

t:ypes of assets to hold is amendale] to soltiti oji using conveni. .1onal 

econom!llc critoria. Hlowever, regardless of th form in whicli assets 

are held. att;inglug food securityiLs a costly process, the cost essentially 

being measured by the difference in the rate of return in non-!.iquid versus 

!Lquid asset: multiplied by the volume of diversion in invest:nent required. 

I t may he a i-gu ed that a country suffering from food s ocUt10 v can bor row 

r;ther tLhan divert its own resources into i iquid assets. However, because 

thi s overall abil itv to borrow is 1imited in the Long term by the wealth of 

tilP country the access to a particitliar line of credit: wi.L] tend to be at: 

Of -- rldf t for onir-tcLrm invstmenLs. Again food secur it'y can be 

.,Lnained but only at some Cost. 

'hu anuthors sugscLed that an exact measure of food insetiriLv would 

rc ,on rc, income fliuct:uat ions, but an approx ilate measure ma. he obtained 

Ry 2401minn ion rom the trend in fore ig~i exchange earnings minusd!t' 05f 

Lo excess exOeldit,rt over thii s trend in food iprtis for th curre'nt 

ver (d nud as.."du \v iaL Lonls inI rcl exporL (0, rn s,' ') 

Wdeai s of the Initernat Lanal Marken for Cereals 

Soe argue Lht.it oath c:oiiii toAh.oul] o! comoi seIf -so ff7icien in food, 

and tiilerfforn ui Id i (''.., n syLsem of nat:iqioa food secur itv. lhe iUMt-

fic.i.Lion for such polici es Ls t.haLt. eich iitt:i alces h igly unr li ble 

otcrnntional sup!) los. In much of the discussion,no dn oi madeRsticti is 
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between concessional and commercial food supplies. Valdes and Siamwalla 

conwell pointed out that the reliability of their true source differs 

siderably. TIe general percep tion is Aht concessional suppl ieso are com

1971-74). Furtliernwru, inpletely unreliable (i.e. reduc tion in food aid in 

oncess ionsindividual cases donors have used food aid to obta in pol i ti cal 

food adfrom the recipients. Thus a national food policy hl at relics on 

supplies is highly ri[sky. However, they argued that Lt is qu itU unjus t If:ied 

inde d.ce al. oi food imports withoutto move to comiplete fom a1701 ftrilS 

suop pl Iies are also un-cl Labl1, whi tiey believeshowing that conunercial 

cannot be documented. 

Barriers to internal Lrade 

In many cases, the state has assumed the functions of the trader in 

food grains. Many governments have attempted to insure food security 

by insulating domestic pri.ces from i.eternaLtional price. This pol icV [Splies 

that the biden o ral income ii-lCtlionst 1 esase b.( pvpicc iS in the 

world rmirktt is borneI'v tile. s lc i: treasury. These ntervnUions L 

stab iliz e p rices can indeed insu0re stabiftv of food consumptL ion n o urban 

W a ;n-;s lion the . ncral 'ier'eit iontia inareas. That in why ther' has 

of food edurciLy ,.: ithi sLability in t prcice of food . Io,.),'.. , P i n 

i re)m domestic rotuctt ion Fluctiiation s, ,tch a policv by
sOCUI'i.tv ar se-

itself would be i osuific irn , -speci al yi ot rural ,areas. 

Hti.lh t rlri.sp cii cost dutne tO g ogripiii iiI i sol ation of many",' areas is 

out a form o - tradc bWicrrier, ;ch tlii t iel(hVdIvemuLO of" food 'iai ins in and 

of these regions is iOCnoical. Thilsl, lls fholctLed areas arc M-

mens that the market for lod grains woold alwaV clearsuffic:ient, which 

http:sOCUI'i.tv
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in response to the local demand-supply situation. Fluctuation of production 

away from We normal level causes chnanges in the real income of the communit,. 

Therefore because of the high transport cost, locail storage of food grains 

may be preferred to holdi ng, other forms of assets or approaches to food 

security. 

Shortcomings in the calpitai morket 

The authors ,,gest introducing credit fac iities as a practical way to 

avoi odood It is argued that in urban areas tLhere is aiosacuriLv problcms. 

straight re!a.tL onh:hp betweeln food securi'.t:v and pr ice s taLbility. This can 

beach icved whin tho co ntry adjuts it' imports of food or the level of 

:;tochks to conpunsatW exactly tLhu agregate fluctuations in domestic pro

dLctions. However, a large reduction in agricultural output could resul t in 

,N unfavorable impact in the .industri al sector and hee reductiu Wemployin 

:eIIt and income in the urban arLas. In this case, price stahilization is no 

I .or ;a qa ( l con for food secur itv. Furthermore i. rural1 areascI.I! :1diLion 

r..'tha ! I income of househol ds are diroct!v ,affcated by fuctul.,tions ill 

f:Ii produ.tion, tbi.it of Food( ci nit u)ton cannot he aILei.e've by means 

or, price st i:; n ,chec. 'rodlut foo changes a f fect ' 0h tie deumand 

side an11d y s d Ow t,t r.;lso to b l ive that thetof mirk 

capi ta.l market wi I act to stabilize the effective demand for M1,od ot tLhe 

,;e I U met. i H;' tIo, ::;Iwrt fal. in i.t s income. Any attmpt by the 

,',t1v,,r!t'Ato itr,,d uce substitt2S for a capIta1 . market at thi.; level would 

sp:p -d:; i~i I no 

t 

b, admini strative l' costly. Therefore, in t .bescircutistaic's income transfer 

Lime; of short age s . I*''hv suggest that ('rp insnulanceKcome; imota y'id;a ble at 

is o e p5oss I e means of accompl :-Ishitn g thiis; ;i.l K may, bLra 's ci , thon. h 
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difficult to implement. Public food distribution is another way, but unfor

tunately there are few of these programs that reach extensivelv into the 

rural areas. 

Conclusions
 

These authors suggest the following general points ill connection with 

food security policies: 

1) The solution of food insecurity problems must begin at the national 

level. 

2) Such an approach should include large investments in food distribu

tion systems, transport and commuaications, early warning systems, and a mix 

of stock and trade policies. 

3) Relying only on domestic grain reserves to cover yearly fluctuat ions 

may turn out to be an expensjve solution, where trade is a real possibi ity. 

4) Three i.meportam impi ications of food securi.tv programs are: I) the 

incentive for prvate domost ic stockholding would be re.,duced, I 1) the foreign 

trade balance and the govurnmonLt WmuLnt wou].d have to aiurA rb te ns tabi ity; 

and iii) the l{ss in purc asing', power or rcal ILcomL il I K: nat iricultural 

suctflr, due to crop i lure. woil d av. Lo be compensL Lu for. Othewir s. 

stabilizing national food sup;i. I' pyr'. would be instffic ienL tLo off.set 

decli.nes in effective demand in the rural areas. 

http:securi.tv
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A.lricultural Comparatilye dvantage and Price Uncertainty 

Jabara and Thompson (1980) examined analivtical lv as well as empirically 

the ,mplicatfs of i.t .rnationa price uncertaintv for agricultural, con

parati ve advanLtag, in Senegal ann;tnqU risk-adverse p, i cymak.rs. The 

,na!',L'iC part of thuLr work is revicwed here in order to identifv thu 

main "ssuu: of comparative advantage under nutrnLit 1)15 pr ice ,nticertainty. 

For thi, purpose, imagine a smal open economy wh ich has: ") one 

dominant arcul a :.:polrt (product X) anO one dominantuzai apricultural 

iTert (product Y) that can al so ', produced in t . curnntrv :nd b) a 

,. ii -r t func'tiion , Y7() which is a function of ouant ttIes of both 

':roditi e " conn umd. Ay. comparative adva rita,g is rueferred that r:ix of 

trded product at whict this welfare fonction is maxim.ized. 

Q 	 ian t Case
 

The production Function for this economy is assumed to be:
 

9 9' 

Y - '( ), with 'Y /QjX < 0 and Ag" /5X <0
 
, P p p
 

The domerst ic ,roduct ion of the conmod itv that is comnonlv imported (Y) 

- inVurs.IV rul aid' to the qUantityV producd(I ihe common! u.xnorted 

'I,,ot1L (:), and this.. 'w ufive rui rtlatonlsip i-; diminishin g. Note "'(' ) 

i,':rc:uny t :1;ar; I domestc opportunity cost of X producti on in terms 

, V ,11dllV' 02qt 

Thce cori t r7.' can exchlange X for on them /[eFml/t ionIal mIrket at a price 

rat io '- P /P ' , in xn-',rmrr: i\ iv\, (e. wn.! 1 ointrv ssmtrp ii on). 

iu i ntim\-rip I , I j hru i 1n t:n . halanc of sm, ""In * x ' rc, i on a nd 

io a-tr i -1 inkuAro m t r ade by thu fo i wIP rc t InQ a os: 

http:inVurs.IV
http:cymak.rs


X =X -X 
c p e
 

Y = F(X ) + P X
 

where subscript c refers to consumption, p to production and e to net 

exports (or imports if X < 0).e 

The objective of the country is to maximize its real income: 

Max U(X Y )
c c 

Rewriting, 

max U[X c(X p , X ), Yc(Xp , X )] 

The first order conditions for an optimum solution are: 

3 U -i A-c ..U . ..c. 0
 
JAX v Y X
 p c p c p 

:X ,3Y 
C ILL ++ U C = 0 

5X ,NX bX Y t}X
i c U c e 

Rewriting, 

=41L +Li-4: 0I:'(\ ) 
c c 

and ' ) ( 

+ 1) = o 
c C
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Therefore, under perfect certainty the optimum point on production occunrs 

where the terms of trade equal the marginal rate of product transformation 

P = -F'(X ), as:uming the second order conditions are sat-is;ied. So, no 

policy intiervention which distorts ' can improve the society's welfare. 

This implies that free undistorted international trade is the bust policy to
 

follow and the optimum tariff rate for a small countrv is zero. So in al 

eiv r()nment of certv f. v on.para Live advantages .11 gs t Ltat we! fare is 

maximized when each conmtry specializes in and expor ts th ose goods 1in which 

it is a relatively' low-cost prodiu'er and imports those goods in which other 

coountnries are lower-c'ost producers. Thu coul trv 1s said to have a compa ra-

LIV, advant age in thie good exported and com arative disadvantagc, iA the 

od imp,)rted. 

In thiis case the terms of trade, P, assumed to be a random variable 

with mean E'(P) = P. The country planners will try to maximize the expected 

Mx.E W'(x Y )
 
C C
 

Lbjuc(t to 

XC = X1) -X e 

Y Y + P, X 
C P C, 

The first order conditions for an interior solution are: 

=:!.X ) = F(L, ) + I, ,(U ) 0 
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-E(U) + E(U2 P) =E(Ui) 
 0DX2
 

where U = nd U22 .
1 1CX 2 JY 

c 	 C 

Note that P) W(U P + 2 so 	 and substitutingE(U 2 = 2 ) COV(U P), rearranging 

yields: 

coU(u P)
 
P + E(U2) -F'(X )
 

where COV(U 2 I)/E(U2 ) is interpreted as a subjective cost associated with 

uncertainty in internationnli prices. 

The si;gn of the covi. nce te rm depends on th e l(,ss functLLn or risk 

associated with uncertaint' is well as on the relationshI~ i t i.L , and P. 

> and then COV(U.1 0.if X 0 polic',,makers ;ie risk-averse, 	 P) ( If ponicv-
C 

makers are risk sekers. then COV(U. P) -- . If Ml:hy are risk neutral, then 

C()V(. P) = 0. 'thusthu expected terms of tugde can he lower, greater, or 

equal te to mlrginal rat'tu 0 trisflorlation depending on Whe risk pre

ferences of t he dcci ; i a> rs 

For risk-advcrs ('Io, .. a, Cl~ sr , :' -V' ( ) 'THe reP((lrlihcndd pol iey to 

max liiZLe txpec ted utilit yt llidtr uncertainty in not ,a free trlale puli.cv LI.t. 

the internatioli:Ii terms of trade reflected in undistorted dolmest ic price;. 

opt i mum cv t OIf heRather, tLe trgde poli is for tht domustic tormsLi tr;el to 

set equal to th,, expecte inte.rn1tiol fld l pirice ri () pratiotil te st) jectMV 

ic i'; nOlrisk cost. This oi p that sOele divor,, i 0 tWie pr'oCdu chtiont)I 

;lgricllltu-ail commodities in lhe countrV ci i . icutd 01 ai rvnul O1 	 tIe 

auncertainty. That is , smaill countries in tils s itullt i WOllid promote 
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poli cy of substitution of domestic production for importcd products at 

the e:.:pense of exported products. This is the mix of products that would 

maximize expected Util ity. MeI, results of this analys s al so suggests that 

a small countr y in an (liv ironmene:t r uncertL nintv can i ncre:se wel fare by 

distorting domes tic prices away from the i.nitcart itnal terms of trade. 
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Bigman, D. a . Shlomo Reutlinger 

Food Price ,d SUR1ilj. Stlbi izaLton. National Buffer Stocks and Trade Policies, 

Wo rld Bank Rashingtcun D.C., May, 1978. 

This ,ruicle is part of a studv undertaken by the World Bank on 

o F food sLii iiaL on poIic ius in devclopi ng countries.various 3pects 

.ors agree that not always will free trade in food comnoditiesThe aut 

provide instability in domestic markets and protectionist policies such 

as buffer stock schemes will encourage food production and domestic mar

ket stability in times of poor domestic harvest and/or high pr ices for 

imported grain. Avidanre of protectionist trade po.licies, therefore, 

can be a far moret powerful instrument tor sLabtilizing domestic grain 

prices and ensuring the continui.ty of supplies tian any reasonably sized 

buffer stock. They also argue that the proposition arising from the 

obecties o"augh-Oil-Massell type analysis is only one among sever.ii 

swtaibi t i tnoza pol i cy. In most: counltries, rather than bein g the conbined 

and producer surplus the primary objectives of buf ur stocks and other 

is that to ensure a regularstabiliZakion poLicies, tite primary objective 

flow of suppl ies to consumers and LU [eet the needs of vulnorale sucti.ons of 

the popul.ation. Their asSertion is based in FA() studies Lhat sNOW that 

a ftO f Sppl Omust countiesi i rate tiii; insurance of conin"os NOW ".' Lhu 

main obj ec Liv of tleir ccru i stock policies ".otr their or.'tk tev make 

5 i111ulat ion model. This tdel in an ono econiomy.' mode].,use of a stocliastic 

mainly concrned with ea::aminin g stabilization policies for food gorains. and 

it examines explicitly randlm fluc tuations in a countr' :-. rodtUCt ioi and 

ilten'atii t i inal price ol g'ri" . lliT h i cl.. , UnOd t, C iI A. nKLiil Ip ne of 

n stabil izit ilon. 'i i i, ill c"n ,luhsioi irio:altl(d and stock pol icie.s 

Wtrongtheir analy,'sis was that in Most cases, trade ;in itr sLtocs "re 

http:sever.ii
http:continui.ty


substitutes for stabilizing a country's 
food groin supply and price and the
 

choice of any type of policy should be made on this basis of cost effectivcness 

assell, Benton F. (1969)
 

"'Price Stabilization and Welfare, Quarterjly Journa l of Economics 88, May, 
pp. 284-98.
 

This ,rticle tried to reconcile the analyvses presented by O 
and
 

Waugh concerning the gains to producers Pad 
consumers resulting from a 

stable as compared to fluctuating pi,:es. Using the expected value of the 

chanqe in produce'rs ' and cOnsumei-ar' surp)luses as a measure of gain, it 

wa, shown that price stabilization, brouglit abot by a buffer stock, 

provides a net gain to producers and consumers taken together. 

Massel], Benton F. (1970) 

"Somek! Welfare Implications of international Price Stabi lization", 
onroa of Pl.1i t ical :Econmv 78, March-April, pp. 4i06-417. 

This on;.r deal-; with some welfare impi [cattions of price stabilization 

.h:ioeved a': Ocurnatona! btfU ,r stock. Stabilization is taken to mean 

not a ,ucuctiou ovurti:m. in prica Fucttji uns, but a reduction in riski

noSS of Lhis vai; ' Income as viewed hv the procter ol an agr culJtiral. 

commodity at planLii ,ptime. (Income will depend in vieid and 
price at the 

time of harvest ing;, whi ch are stochastic variables.) Massell conic ludes 

Oilat a thtolug a !,uFf.r ,tock m:V provide a large increase in ;..eLfare (to 

thu p'rdup-r) tLhan would a forward contract, thu former atlLe'ri tive is more
 

-pn.ive than thu latter. The 
 etLent of a p:rticula r crop planted has 

1,5;it u,,eroat io.ship to the expeicted value of inocumv arnud tliefrom sale 
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of the crop and a negative relationship to variance of such income.
 

Massell uses a linear demand-supply model.
 

Oi, Walter Y. (1961) 

"The Desirability of Price Instability Under Perfect Competitions," 

Econometrica 29, January, pp. 58-64. 

This paper analyzes the behavior of a competitive firm faced with 

an uncertain demand, which takes the form of an instability in the price 

of the output, such that time price is taken to bc a stochastic variable. 

The analysis reveals the conclusion that instability in prices will always 

result in greater totaL returns for the competitive firm under the assump

tion that firms max imize short run profits during eachU peri of time, and 

the marginal, cost of each firm is upward slopinug throughout its relevant 

range, such that producers could make more profits when the price of the
 

good varies, than when its price is stabilized at the arithmetic mean
 

of variance.
 

Paish, F. W. and P. T. Bauer. (1952) 

"The Reduction of Iuctuat ions in the Incomes of Primary Producers," 

Economic Journ1il, (2(248), D)ecember, pp. 750-80. 

TIhe a1uthnors prtun;Led a p roposal] for rdllciC g the vjo lnce and 

, tioni 

Th ey examined the :;upply restriction schemens in tlie imt er-war period and the 

stabil iza t ion schemes I the post-war Bri tishimColonia P,'olicy tiyt were 

used. They Ltndcd toLmainiita;m I or to r;i se p)rodtucc inicomiues. h'iy L tLnded 

magnitulde of Lemnpfayl'h flutuaiu s il tihe incol e of pr ima ry prod uc.rs. 

lncorrc tsuchto show tir :doptio ns were used in an L waiy ,i L !lot on]' 

prolonged the d ifficulties the government indtnded ito solve, but have also 

teLndd to restrict the supply. 
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Bauer, P. T., and F. W. Paish (1954)
 

"The Reduction of Fluctuations in the Incomes of Primary Produceis Further
 
Considered," Economic Journal 64, December, pp. 704-29. 

The princ ipal purpose o- this article is to replyv to critics of their
 

.1.952 article. Bauer and Paish argue mainly that tlhe inflat ion 
 problem
 

brought up by Hill and Adv is essentially irrelevant to the probl em of
 

reducing fluctuatio in producers incomes; 
and that the attempt to reduce
 

fluctuations in 
incomes rather than merely in prices, as being suggested
 

as preferable by the two 
ladie s , is that violent accidental fluctuations
 

in output with prices constant may have economic and social effect less 

frequent than violent fluctuations in prices with output con;tant, such
 

will reduce instability. Also they think that there is no real problem in 

preventing year-to-year fluctuations in producers' prices and output such 

that the effects of inaccurate forecasts of output and price on the operation 

of their formula as discussed by Hill and Ady is also trivial. With respect 

to Professor Friedman they feel that the differences were a bout the functions 

"f governveF in societies at diffe-ent stages of d,,olopment, such that in 

the case of undurdeveloped economies it is not true that free market policies 

are always better alternatives a, suggested by Friedman. 

Turnovsky, Stephen J. (1978)
 

o ,"The Distribt tin of Welfare Gains from Price Stabilization: A Survey of 
o.<"'lret !s " Stabiliin, World %omoditvvarkets, . C. AdamsIca es, 

and S. A. KIn, ds. Lcxgin .ton:Iath .e>i4ton, pp. 1.19-48. 

The purpose of this paper is to survev Nome cf the most recent develop

::nts about this topic which were first stataed 5V Wanmgh-Oi.-Ma.se1.. Here 

in con: idered the case where demand and supply funiony are nonline ar 



and the stochastic disturbances enter multiplicatively, such that t~Lis
 

specification lends to substantial modification of many of Massell's con

clusions. (Massell's work deals with linear demand ..nd supply curves and
 

additive disturbances.) It iK also considered tie welfare effects for
 

both producers and consumers of stabilizing prices in the case where firms
 

make their supply decisions on the basis of expected prices, before they 

learn the actual market price, and are unable to modify these decisions
 

in the short run.
 

Briefly considered is how the Waugh-Oi-Massell model can be extended 

to deal with the worldwide nature of current inflationary condi tions. It 

is also considered an alternative form of government intervention (like 

government influences on movement of prices by ainnounci ng forecasts which 

in turn influence the behavior of private producMr:3) rather than entering 

the market directly. Finally a general extension of the basic Waugh-Oi

:,assell mode] is considered through the mul.timarket situation in a multi

commodity context. 

One of the maj or conc I us ions i.s that even though price stabilization 

always improves aggregate welfare, the distri bution of these wel fare gains 

in the soc-iute in highly wenstitive to the preise s'cification of the 

model and the nature of the stochastic disturbances. 

Turnovsky, Stephen .A (J976) 

"MI.e Distribution of Wel fare Cains from Price Stabiiizat ion: The Case of 
Mul] ipl.icat wiveDisturbance.s,," Internati.onal Economic Ru.,. w, Vol. .7, No. 1, 

Febi uary, 133-1/48. 

Massel], integrating the conl]usions f ,.agh and Oi and ;assum i-l', 

linear demand and supply curves with add i tive ,tov)iIastic d isturbaneS, 
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showed: 1) producers lose (gain) from price stabilization if the source 

of instability is random shifts in demand (supply); 2) consumers lose 

,gain) from price stabilization if the source of instability is random shifts 

in supply (demand); 3) where both demand and supply are random, the gains 

to each group arc determ.ined according to the relative size of the variances 

and to the slopes of demanc and supply curves; 4) total ,atns from stabiliza

tion are always po.sitive (gainers comnen sati-ng losers) if the demand and 

supply curves are not perectlv elastic; if so. all gains tend to zero. 

With only minor i'iodifications, Lt.Ie sano results oIold assuming non-]inear 

funatcions as long as the stochastic disturbances are still add ive. Dis

tribution concu!us;ions hav, major modifi'ation when multiplicative stochastic 

disturbances are assumed. The author includes in his partial equilibrium 

fr:amework, assumptions of non-Iinear functions, a se]f-liquidat ing buffer 

stock and ignoro any storage and administrative costs related to operating 

such s.tock. An important considerat ion i.s that w.ith random disturbance.s 

occurin g t n both s ides of the market (supp ly and demand) the . tabil ized 

price wi N dWrr from the mean of the fluctuating prices to have a self

liuidati1 nu ofr stock. 

Assumin, m,,.l tiplicative random disturbancs, the desirability of price 

s tabilization does not depend upon the source of tme price instab:ility, 

which is the case when additive disturbances are assumed, but on lv upon 

the true shape o f the deterministic components of the demand and supply 

curves. Generally, producers gain and consumers lose from stabil.ztitIon 

if demand is clastic and supply inelastic; if denand is inelastic and supply 

is e.lastic, consumers tend to gain and producers tend to lose. 



An e:x:amp.e of log-linearity (constant elasticity functions) with
 

multiplicative di.sturba'ces is illustrated. Under this functional speci.

fication, producers gain from stabi lization only if the elast:icity of demand 

exceeds unity, if not they lose, but consumers always gain from stabilization, 

irrespective of the underlying elasticities, the allocation of we fiare gains 

in this specific case (of particular interest because it i.ste exact 

multiplicative analogue of assell" linear-additive model) is asymmetric. 

Another example is presented through a .1inear function spocification, 

where producers lose from stabilizati.on if the pr.i ce Jasticitv of demand 

is less thin half the price elasticitv of supply. in this .linear case, 

consumers lose f the supply curve is relatively inelastic compared to the 

demand curve. Reversing these elasticity relationships would Piso reverse 

the gaining and los ing rulationships. 

The main concl.usion the author states in this paper is the importance 

of the nature of the stochastic disturbances when assessing the distribu

tional effects of stabilization policies: TIe assumption of multiplicative 

disturbances can be justified as natura.ly as additive d i.sturbances, with 

either assumption price stabilizat ion will lead to a gain in total welfare. 

Waugh, Frederick V. (1964.')
 

)o LS (onsum Con Price I nstai i ty ?'' Quarteriv Journal oftile rBone ftL 
lconomic:h, August 1944, pages 602-614.
 

Wait,,Ii .sippc;rt. tt1 idca tha t consumers henief tL_fron p rice instability. 

Using consumer sulrp lus an an indicaLtor he conl Auded tLht consumers will. 

enjjoy a grea ti r giver age consumer 's suirplu ienCI-cu areI ehat" ing.] 


Tlu anal.;si s is presented for one cmioImdi tV lame and subsequent.ly L.; 

extended L) n commodi Li e5 . The ba±sic results are proVen tO told for the ii 

commilodi t ies case. 

http:subsequent.ly
http:natura.ly
http:stabilizati.on
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Waugh, Frederick V. (1966)
 

"Consumer Aspects of Price instability," Econometrica 34(2), April pp. 504-8.
 

In this article, Waugh makes use of graphic tools to 
prove that welfare
 

aspects of price stability depend upon the level at which the price is 

stabil ized and whether one is concerned with welfare of the consumer or of 

the producer. TF prices are stabilized at a very low level the producer 

is harmed and the consumer benefits, but if the prices are stabi]Lzed at 

a very hih.level, the opposite will occur. 

'augh,Frederick V. (1945)
 

"Does the Consumer Benefit from Price Instability? Reply," Quarterly

Journal of Economics 57, February, pp. 301-3.
 

auwh repii.ed to critics pointing out that he certainly did not intend 

Lo corn ude that consumers would be harmed by any price stabi1ization, 

regardless of level!. Hlowever, he attempted to show that stab iljzing the price 

of a commd. Itv at a level equa] to, or higher than, the arithmeti.c mean of 

the tunsta hi l zed pric,.. wil . be harm ful to the consumer. 

http:repii.ed
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CHAPTER 3
 

ANALYSIS OF INPUT PRICE POLICIES
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Introduction
 

Farmers in less developed countries (LDCs) have been shown to receive 

substantially lower ratios of output ti input prices--especially fertilizer-

than farmers in developed nations. Peterson (1979) concluded that those 

lower real prices result in a significant reduction of agricultural output 

and, hence, ec,nomic growth in LDCs. le listed several policies which he 

feels have contributed to this situation: "the imposition of export taxes 

on farm commodities which have the effect of holding domestic prices below 

world market levels, the overvaluation of currencies which reduces the export 

demand for farm products, and the use of state marketing monopolies with 

power to set farm prices below the levels that would be determined by 

competitive free markets" (Peterson, p. 12). In addition, certain govern

ment trade policies result in artificially high input prices to farmers in 

LDCs. In other countries, inputs such as fertilizer are subsidized, often 

to offset low output prices. The motivation behind most of these policies 

is to increase government revenues and to keep food prices low for the 

non-farm population. Peterson concluded that there arc "social costs" I 

inherent in such policies which bring about price distortions tflt reduce 

incentives to agricultural producers. Table 3-1 shows the loss of agri

cultural output and its accompaning social costs for 27 LDCs in 1969. The 

total social cost to all 27 countries represents 3.76Z of their combined 

national income. Peterson explains that "at first glance this appears to be 

a small figure, but it is interesting to note that a nation which is able 

For an explanation of his concept of social costs, see Peterson (1979). 
Also see chapters 1 and 2 of this manual. 
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Table 3-1: Loss of Agricultural Output and
 
Social Cost of Price Distortions in 27 LDCs, 1969
 

Los, o ()Ilupt wn 

IWen~h .Mark of "ice'. [),,l.' 
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Mchl! o I, , 25 2.72., 7 

t'hXilij 1,4t1 S. 9 '.u63 -

M'roccu 5,001 1.073 4.7e,4 it, 
1,c¢¢e12.635 4.4 32 48.727 .58 

Iu1niaa 1.489 58 (,.( '.7 c2 

"',rlugd 7,391; 3.406 42.72,84 
Kcna 1.820 2,(24 31.453 2.45 
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Jordan x,X 516 0.278 1 48 
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kIw , .t'i 6.916 3,O0 I 3, 114 1o 
ICaii 

I vuc .a.', 
S,58 I 
4.571 

6,241 
3,369 

I111.4.: I 
94,101 

4 4 
4.4' 

, ic 21. 15 15.,71 4M1,42 . 6 
;ppt VoIaI I G.6.1, 1.294 4.2!7 6 

k, mllna 53.2(y) 42.097 1,3"2. 15X 6 
1)OIox 
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I, 11 
1.m) l 

1.172 
Iq.,1] 
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710i.I 7 

24 24 
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(, .,a .1.135 1.125 7 
W,"; Rcpubl'c 7. )1 6.41 261.-.2 33 v' 

4',;g~).31j 4.. 7 Ik.'A It.7 ti 

",'ce .2X4 2.1184 Iaa1I',2Il 28 "/2 

Ioat 221,1 6 140.293 4.0'i".f,4 

* taiifamr S,5 NA pei l! kli ,,l.. of %, c.i aql,adent as in eqk3Iallaiu:aL plt" l 1 s1 i i" I I! 2"tr pta.aI., 

Source: Peterson (1979) 
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add 3.76% to its real national income each year, by eliminating social
to 


costs or for any other reason, will more than double its output every 

twenty years" (p. 21). 

This chapter of the training manual deals with the welfare effects of 

inpuL p.ice policies, i.e. government interventions which set input prices 

lower than would occur at competitive equilibrium. Iteither higher or 

endeavors to provide the necessary framework within which analysts can 

evaluaLe the costs and b,.nefits of input pricing policies, with special 

referen-P to Nretilizer. Mudahar (1978) points out that although such 

policies are widespread, there is little accurate information available 

on the implications of different types of policies. 

This chapter is divided into two sections. in the first, a general 

price policies is presentedtheoretical framework for the analysis of input 

and a specific application of the effects of an input subsidy on input 

and output markets is considered. The second section eXamines the special 

case of fertilizer, using the theoretical model developed in the first 

section. 
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Theoretical Framework for Analyzing an Input on Subsidy
 

In essence, the d[rect impact of an input subsidy is to change the 

price of the input and thus its impact can be analyzed in that manner. In 

order to illustrate the use of a partial equilibrium model to :Ludy the 

impact of a price change on input use and output production, input utiliza

tion and pricing in the model of a firm and industry in perfect competition 

is deiloped. 

Firm Level
 

Assume that the firm produces an output Q by means of two factors of
 

production X1 and X . Assume further that the firm can produce output Q 

at constant average cost. Given these circumstances the firm's production 

function (1) is iLnearly homogeneous. 

(1) f(X1, X2) = Q 

Assume given factor prices P], P2 and a given product price P. For a
 

given output costs will be minimized if
2
 

(2) P f = P1 

(3) =
P f 2 2 

where
 

3f(X 1
fl (, DX , X2)) (Marginal product of input X.) 

= f(x 1 , X2) 
f2 D I (Marginal product of input X2) 
2 .R 2
 

,)}enderx on . . O1uandt , . E . (1980) 
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Hence, cost minimization requires that the value of the marginal product of 

each input be equated tu price of output. 

Given (1), (2), and (3), explicit expressions of the demand for factors 

X and X2 for a given level of output Q can be derived. They are of the 

general form:
 

(4) 	 Xl = X1 (PI' P2' Q ) 

(5) 	X2 = x 2 (Pi1 P2' 
Q) 

The elasticity of substitution is needed for this purpose. It is defined
 

the least cost input
as the effect of a change in the input price ratio on 


combination needed to produce a given level of output.
 

At a constant level of output, changes in input use will be given by
 

(6) 	f1dX1 + f2dX2 = 0 

specified above.
where f and f2 are the marginal products of X1 and X2 ) as 


Solving for dX2/dXI gives
 

(7) 	dX2 fI
 

dXI 
 f2
 

The absolute value of the slope of the isoquant Is called the marginal
 

It represents the additional amouint of the factor
rate 	of sbustitution. 


X2 necessary to maintain output unchanged when a small reduction is made 

in the use of the factor X The elasticity of SUbStiLtiion (0) is the 

change in the factor usu ratio to the proportionalratio of the proportional 


change in the marginal rate of substitution. Expressed in propcrtiona]
 



terms, it is independent of units of measurement. Hence:
 

(8) din 'X"din 2 


ff9 
_1 '1 

where (9) d 1 dX 

and l Il f 

(10) d2 =X• dX + X dX 

f 21  1. 2 

From (7) we know that
 

dX =_- dX2 f 2 1 

Substitute in (9) and get
 

(11) d  2 f 2 

f21l
 

Substitute in (10) and get
 

(12) D3 1 X f2 dX1 

There fore, 
f xf+ ±x 
f ] I fI 2 

____ _1_...... dX1 

~~2 

Kf 

f T2 -
f 

2 ldX 
bX] ):'2
 



3 

fl1(Xl1fl1 + X2 f ) 

(14) f21 ff2 

I 1 X X2 ] 

homogeneous of degree one, it foll'ws

If the production function is 


-x1
-x2 

f = f and f = f1 

11 X 21- 22 X2 12 

Substituting in (14) gives 

f f2 (X1fI + X2f2) f1f2
 
+ x f 2
11
(15) of f12 (Xf1 2f2) or Qf1f2 

Substituting again,
 

ff2
 

fIf(16) 
 Q.-X2
X- f2 

and
 

X2 fl "f2
 

2 f1

(17) f 22 	

22
 
22. xQo
 

For 	f we have
 

flf2
 
12
 

(18) a 
Q.-x 1

X f
 
x211
 

=
3Totally differentiate q Xlf I + f X'. Let dX' 0 and divide by 

dX before solving for fl. See R.G.D. Allen (1968). 
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and
 

X1 ff2
 

1 1f22(19) fll 


Finally, f1 2 is given by
 

2(20) f 1 

Equations (4) and (5) can be log linearized as follows: 

take the total differential of (4) and (5) 

3X1 ax 
+ 

x1 
dP 2 Q 1x (4a) dX dP -- + - dQ 

a 1DX 1 3X2 2 3Q 

ax 1 x2 a 
(5a) dX 2 = p- • dP 2 + - dQ 

1 2+2 aQ 

Multiple (4a) by 1/X1 and (5a) by I/X2 and rearrange as follows:
 

-X, = _1 1 
 id 1 +3 1 P_ 2+ l 1(4b) X1 aP1 X d1 + P 2 x 1 dQ " d
d 

dX1 1 P (+1X d M1 Q d 

dX X P dP X P dP2 X(4c) 1 .1 _1 __ 1 2. . +~ l dO 

1 1 2 1 2 1I 

The term MXi Pi is called the input elasticity of demand. It indicates 
DPi Xi 

the percentage change in the demand for the ith input as price of the ith 

input changes. It is representud in general as: 

e. . -- the percentage change in demand for input i given a 1%
increase in the price of input j. 

In elasticity terms
 

0iP(21 .(IX e e 2 ( 
(21) " °21 l 
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where
 

eAQ is the percentage change in demand for input 1 given a 1%
 

increase in output.
 

also
 

dX2 = e(22) - 21 1 22= dP2 + 2QdQ 

The purpose of 	this part is to derive explicit expressions for the e...
 

To determine ell, differentiate equations (1), (2) and (3) with tespect to 

Pl. holding P2 	 and Q constant. This yields 

dX2
dX1 

1 +(la) 0 + fI dP- f2 dP 1 0 

dP + dXl 	 dX2(2a) f P f +P f 

1P 	 dX dX1
 

(3a) f dP + p f i + p f2 022 dP1
2 P1 21 dP1 


Utilizing previous equations gives
 

d(
 

A 2 	 dX1 P Q 
(23) 	 Qo X 1" 2 P2 dP - P 

1 11 

X dX9 
0Qo P l P


1 X2 " 1 1 
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The determinant (A) of the lefthand matrix equals
 

2Qo p2 . 

(24) A = Q 1X2 2
 

Use Cramer's rule to find
 

dX! X1 X2P 2
 
(25) 1 - -2
 

dP1 P1 PQ 

and therefore
 

= P1
(26) 
MX1 P2X2 =
ell Pp XI pQ -A 
2
 

where k is the cost share of the second factor of production:
 

PX2
 
2 2
(27) k 

PQ 

Similarly, obtain
 

dX2 aXX 2 

(28) 2.. 1

dPI1 PQ 

and therefore
 

dX2 PI P1X1 
(29) e21 dP1 X2 PQ 1 

where k1 is the cost share of the first factor of production: 

11 

PQ
(30) k 1 PQ 
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It also follows, from using Cramer's rule, that
 

Pd PIXI 
(31) d' 1_11=k
dp P PQ 1
 

Generalizing the above results
 

dX1 P2 
(32) e 2 = - k

22d1 1 
= 

2
 

dX2 P2
 = (33) 	 e2 2 klC
 
22 dP 2 X2 1
 

It will be observed that the factor demand functions are homogeneous of de

gree zero in the factor prices P1 and P2 because for equal percentage varia

tions in P1 and P2
 

(34) e1 1 + el2 = 0
 

= (35) e 2 1 + e 2 2 0 

In order 	to derive explicit expressions for eiQ and e2Q differentiate
 

equations (1), (2) and (3) totally with respect to Q. This yields the 

following equations.
 

dX 2dX 1 
(36) 0 + f I + f = = 1 

1ldQ 	 2 dQ 

I dl dX dX2 

1 P dQ ll dQ 12 dQ 
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dP dXl dX2 
(38) f dQ + f --- + f - 02 P dQ ldQ 22 dQ
 

Construct the matric equation
 

0 	 P1 p2 dP
 

x
2
 
(39) 	 Qu - P P 2 dX 

1 dQ 

IQU 	 P1 - X1 P2
p 
 dX
 

Tlc determinant of the lefthand matrix is the same as in (24). 

Using Cramer's rule to find
 

(40) dp 	 0 
dQ
 

(41) e1Q 	 dQ X1
 

_dX .2 1 

(42) e2Q 	 = 2 dQ X2 

Rewriting equations (21) and (22)
 

dXl dP1 dP2 dQ
 

(43) 
 2 P1 2 P2 Q 

dX2 dP1 dP 2 (I
(44)1 1 2 

0 
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or
 

(43a) lnX1 = k2olnP1 + k2alnP 2 + lnQ
 

(44a) lnX 2 = klolnP - kl1lnP 2 + inQ 

These equations provide explicit expressions for the demand for factors of
 

production by the firm, under the specified condition.
 

Industry Level 

Therc are two difficulties when moving from relations that reflect 

firm behavior to relatLons thLt- reflect industry behavior, especially when 

doing farm policy analysis. In thc first place a process of aggregation of 

the production response of different firms is necessary. At the same time, 

the prices of inputs and outputs are not fixed for the industry as a whole 

while they are given at the firm level. 

Assume that the ith firm operating under perfect competition has the 

Cobb-Douglas production functioi,: 

1)1b 
(45) Qi = ai.i X 2 . ai > 0; bli b 2i> 0 

where
 

Qi: total output for the ith firm
 

Xli, X2 i: inputs 1 and 2 used by firm i
 

A convenient device, although unrealistic, is to assume that all firms 

have identical homogeneous production functions, then 
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(46) 	 Q=aXa > O; b2, b1 > 0; 

and b2 + bI = 1 

Q: total output of the industry 

TL X2 : total inputs
 

The key factor for optimal resource allocation and output determina

tion by an individual firm is 	 that the value of the marginal product of an 

input equals its price. 

Denote marginal products of X1 and X2 as: 

(47) " = Q A X bl-i x b2 
Xli 1 1 2 

xlbl x b2-1(48) =QQi a b 
Xwi X2 1 2 

Equality of the value of marginal product of each input and price is:
 

=(49) P1 ab1 xlbl-1 x2b2 PQ 

=(50) P2 a b2 x 1 bl x2b21 PQ 

For the industry (not firm) more inputs can only be secured at a 

higher price. Assume the industry supply functions for inputs are given by: 

(51) X1 h I P1
gl 

(52) X, = h2 Pg 2
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where
 

g, = supply elasticity of input 1
 

g2 = supply elasticity of 
input 2
 

The price at which output can be sold by the industry will vary with
 

output. Denote this demand relationship as
 

PQ = cQf 
(53) 


where
 

f: 	 price flexibility coefficient, or inverse of price elasticity
 

of demand (e )
 

How will the industry's use of input X1 vary if the price of XI changes?
 

We inquire about the elasticity of demand for the first input when all other
 

inputs are held constant. For this case equations (51) and (52) are dropped
 

from the system because the desired quantity of the first input is assumed
 

to be available at the given price because the quantity of X2 is assumed to
 

be fixed.
 

The 	system becomes
 

(45) Q a X1bl x2b2
 

(49) 	 1 bl-i x b2 Py 

(4)P1 a b1 . 1 2 

(50) P2 ab 2 X1bl X2b2
- 1 Py
 

(53) PQ cQf
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Solving for X1 gives
 

(54) X 1 l/b(l+f)-1 b2(1+f)
 

ca abl 	 bl(l4f)-l
 

now,
 

i-b 2 (1+f) 

denotea K bl(1+f) K thus
 

ca Ab 1' b1(1f
 

K2
(55) el 	/b1 (l+f)-i X2
X1 KI 


and
 

(56) 	 n X in 1 A P + K2 n X2 

1l b (+f)li 1 

The elasticity of 	input demand for XI is given by 

d n X1 1 

(57) 11 d in P1 b1 (l+f)-i 

Since f = 1/e then 

(57a) c 11 	 (11)
11 b 1 +1)-i 

The elasticity of demand for input X1 when the quantity of the other 

input is held constant will depend on the elasticity of demand for output 

(e) as well as the partial elasticity of input X1 (bI). 

In this case, PL and X2 are the exogenous variables so that we can 

calculate the elasticity of a change in Q(industry output), P (price of 

output), or P 2 (price of X2 ) as a result of chwnmo in PI or X2 (one at a time). 
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This general model can be modified according to the particular assump

tions made. We will look at three variations.
 

1) Otieinputr i .rLcs constanL 

Assume that inputs arc available in any quantities necessary to 

satisfy demand. The same system as above can be used, however, variables 

(X, PQ) XI , X9) will be a function of P1 and P2 (input prices). 

The elasticity of demand for X when the price of the other input is 

held constant is given by 

1 bI (l+f)
 

1l=b (l+e)
(58) = 1 - 1
 
11 f 1
 

Again the demand for the input depends on the elasticity of demand
 

for output. The elasticity of demand for input XI is more elastic when the
 

price of other inputs is held constant than when quantities of other inputs
 

are held constant.
 

The cross-elasticity relating changes in the quantity demanded of input
 

(the other input) as a result of changas in the price of input X1 is
X2 


b2(l+f)
 

(59) 	 = b (l+e)
 
21 f 2
 

2) Neither prices nor (uantities of other inputs constant
 

To analyze this case the model is structured as follows:
 

X2b 2
 (46) Q a X1bl 


=
(49) Pl
 a bI x 1bl-1 x 2 b2 PQ 

(50) P2 a b2 X x2b2-1 PQ
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= 
h2 P2 g2
(52) X2 


f
 
= cx
Qy
(53) 


The generalization can be made that the demand for an input is dependent 

on the elastici:y of derand for output, regardless of what happens to prices 

and quantities of other inputs, so long as the parameters of the system do 

not change.
 

3) Output rica is changed
 

The answer to this question can be analyzed using the model dropping
 

equation (53), giving:
 

(46) Y a Xlbl X2b
2
 

= 
 b -I X2b2 Py(49) P a I x 

(50) P2 a b2 x1bl X2b2-1 y
 

h P g
l 

(51) X= 


g22 h 2(52) 


The elasticity of supply of output is given by:
 

+ b2g 2
+ bl19
g(g 2 
(60) I + b1 2 + b2 1 

If both inputs have the same supply elanticity (WON=g2=g), the supply 

IV the supplies of inputs are perfectlyClasticty of output is also g. 


elastic, so is the supply of output. If the quointities of inputs are Axed,
 

so is the quantQt of output. 
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In conclusion, the long run demand for inputs is often thought to be 

relatively inelastic, although this concept does not apply over time 

where farm technology is rapidly changing. Actual short-run demand for an 

input might be elastic because it might have previously bean used below the 

optimal level. It wust be remembered that the Cobb-Douglas production 

function results in unitary input substitution, hence substitution among 

inputs might be overstated. In the event of lower substitution the in

elasticity of demand for inputs is strengthened. 
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Graphical Analysis
 

In this section a graphical representation of the theoretical 

framework is presented. 

Profit maximization indicates that an input will be used up to the 

point where he value of its marginal product (VNP.) is equal to its 

price. That is, 

(2) 	 P f = P.
 
1 1
 

where 

P is price of output
 

P. is price of input i
1 

and f,1 is 	 the marginal productivity of input i 

In essence, when only one input is variable, its demand curve is equal
 

to the value of its marginal product curve. For illustration, consider
 

the demand for labor when the market wage rate is OW (Figure 3-1). Under 

these circumstanc(.s the demand for labor is equal to 01Q units. If only 

OL units were hire:d, the VMP will equal I, C wlliJe the cost of employing 

labor is OW (LIC:DOW). It will pay the entrepreneur to hire more laborers. 

On the other hand, when OL2 units of labor are hired the VMP (L.2F) is less 

than the wage rate (OW). lere a decline in the employment of laborers is 

the appropriate step. Based on this analysis, the optimal demand for labor 

is OiL when the wage rate is OW. 

This same graph can be used to exhibit the effect of wage rate rugula

tions. Assuming, that the equilibrium market wage rate is OW, the demand for 
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L LZ
 

UNIT5 OF LAbOR 

Figure 3-I: Analysis of In~mrl Demand 

with only one variable input 

L 
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labor would be OL. A government decree raising the wage rate to OW1 will
 

result in less labor being employed (eL1 ) as employers adjust to the new
 

wage rate by decreasing the number of their employees so that the marginal
 

productivity of those remaining increases. Implicit in this analvsis is 

the fact that labor is the only variable input used and that the price of the 

final product is invariant. In the section that follows, the first assumption
 

will be relaxed.
 

Individual Input Demand Curves When Several Variable Inputs Are Employed 

This case is more closely related to the theoretical framework pre

sented earlier.
 

When the production process involves more than one variable input, the
 

curve representing the value of the marginal product for that input is no
 

larger than its demand curve. To see why this is so, consider Figure 3-2.
 

A change in the wage rate (denoted by a change in the slope EF to
 

EF') has two effects on the amount of labor utilized--a subst itution effect
 

and an output effect. Assume that there are only two variable inputs, capital
 

(K) and labor (L). and 0., are production isoquants, and the initial 

input price ratio (when the wage rate is OW,) in iven by the slope of EF. 

Equilibrium is attained at point A. with inputs of O I units of labor and 

OK1 units; of capital. Now let the wage rate fOli to OW2, the cost of capital 

remaining =anstLnt. The new input price ratio K represented by the slope 

of the n',:. snort urve EF'. Holdinag total e.pend iture on inputs constant 

equ ii L)riumn is attained at po int C on the h i Eher isoquant Q29 with OL units 

of a OK,) of capital employed.bor anid units 
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The movement from A to C can be decomposed into two separate "effects."
 

The first is a substitution effect, represented by the movement along the
 

original isoquant from A to B. To understand this movement, construct
 

the fictional isocost curve GG' with the following characteristics: (a)
 

it is parallel to EF', thus representing the new input price ratio, but
 

(b) it is tangent to QV'thus restricting output to the initial level.
 

The movement from A to B is a pure substitution of labor for capital. The
 

movement would occur if the entrepreneur were restricted to his original
 

level of output at the new input price ratio.
 

The movement from B to C represents the output effect. When the price
 

of labor falls, more labor, more capital, or more of both may be bought
 

for the given constant expenditure on imports. The movement from B to C
 

shows this, and position C indicates the ratio in which the inputs will be
 

combined if expenditure on resources remains unchanged.
 

In summary, the substitution effect resulting from a reduction in the 

wage rate causes a substitution of labor for capital. This effect alone 

shifts labor's margvnal product curve to the left because there is less of 

the cooperating ,tor (capital) with which to work. Thr output effect 

generally repults in an increased usage of both inputs if both are normal. 

Thus the output effect alone tends to shift labor's margal] product curve 

to the right because there is usually more of the cooperating factor with 

which to work. 

Additionally,', as the wage rate falls, the marginal cost of production 

is reduced. In terms of cost curves, the r"trYi nal Lost curve shifts to the 

right and the prof it maximization level of output for the firm incrases. 

This effect is called the "profit maximizing effect". As output increases,
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Figure 3-4: Minimum Cost Combinations of Two Inputs 
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more of both inputs (capital and Labor) is demanded causing the marginal
 

productivity of labor to increase (i.e., the value of the marginal product
 

curve shifts to the right).
 

Once the effects of a price change are understood, we can restate the 

change in the demand for labor as the wage rate decreases (Figure 3-3). 

A fall in the wage rate from OW1 to OW2 causes changes in the demand for 

labor and capital so that the marginal productivity of labor increases 

(substitution, output, and profit-maximizing effects). This increase in 

the productivity of labor is reflected in the shift of VMP curve from VMP 

to VMP . The equilibrium usage of labor at B is OL2 units. Connecting A
 

and B generates the labor demand curve (dd') which is in general not equal
 

to the VIMP curve due to changes in the quantitive of other factors.
 

This model can be used to trace out the impact of an input subsidy on
 

the usage of the subsidized input, the other inputs empl.oyed in the pro

duction process, and output.
 

An immediate effect of an input subsidy is to change the price of the 

input. At lower prices more of this input can be purchased for the same 

amount of money as was previously spent on it. Lt is also Po,,s ible to 

now re!Ntiv ye]vo ,xensivu inputs. 

2
 

substitute the uid i zed input for the 

However, the substitution may not be technological.ly feasible once a 

certain level of input employment is reached. The ease of subttitution 

aimong inputs is indicoted bv the elasticitv of substit ution ;Palameter. 

Figure 3-4 :;hows alil the p ssiLblh coibfnat-on4 of InputX.-X and N that 

can produce a given level of output Q (i.g.10 units). 1iv price line 

(' /P2) represents the minimum cost of producing 10 units of Q provided 

that the input prices are F1 and P2' An input subsidy on X. will lower
 

http:technological.ly
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the price producers have to pay for the input. In terms of our graph the 

price line rotates. A new minimum cost combination of inputs results, 

that is, :rind X2 with tangency at A Note that use of input X2 has in

creased (compared to tangency point A) and use of input X1 has decreased. 

The decline in XI compensating for the decline in X2 is measured by the 

elasticity of substitution. 

The welfare effects of an input subsidy can be determined using the 

Marshallian concept of producer and consumer surplus (see Figure 3-5). 

A subsidy on an input will shift SS to the right (S'S') giving the loss 

in producer's surplus = caAC, loss in consumer's surplus = CAEF, cost 

of subsidy = caEF and net social loss = aAE. 

The supply elasticity (in relation to output price) as well as the 

output demand (as r function of the price received by producers) will 

determine the con;t, total benefit, and the distribution of benefits of an 

input subsidy policy. 
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Figure 3-5: An Input Subsidy Policy 

DD: demand curve for product using siubsidized input 

SS: supply curve for product using subD.icizcd input 

S'S': supply curve following input subsidy 
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Determining the Welfare Effects of an Input Subsidy 

This analysis of the costs and benefits of input subsidies utilizes
 

the following two relationships:
 

1. 	The supply of agricultural output (Q) as a function of input 
price (P ). 

2. 	The demand for agricultural output (Q) as a function of its own
 
price (PQ).
 

To obtain these relationships, output is made an explicit function of
 

input price, and the resulting system of equations is hus transformed
 

into elasticities. This is shown in matrix form:
 

1 -	 dQ/Q 0 

0 Q/PQ = 0 

1 -(l-a!)/ dX/Xi dP /P 

where
 

e: demand elasticity of output as a function of output price
 

a1 : elasticity of output as a function of input use
 

a: 	 elast icity of substitution
 

Q: initial level of agricultural odtput
 

PQ: price of agricultural output
 

X 
 amount of subsidized input
 

P : price of subsidized input
1
 

The solution of tli s svstm will yield the following result,: agrI-

M1lural output elasticity as a function of input pricey (E1) elasticitv of 

the priice rc d vr(ducr a ctinn NDUt i - (. NO' by'.' as- fu or , Of,
 

:'3)
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1) Cost of an in2juc Subsidy to the Covernmont 'irurnsury 

Remembering that output has been made an explicit function of the 

input price, the cost &f the subsidy to the government is found by deter

mining the amount of subsidy necessary to attain a given level of output. 

The cost is then 

(61) C = dP (Q+dQ) 

Note that (dQ/Q)/(dP 1 /P I ) =e 1 

or dQ = e (dP /P PQ 

so 

(62) C = dP 1 Q(+ e dPI/P) 

where 

dPI: amount of the subsidy 

dP /Pl: subsidy as a percentage of input price 

of input pricese1: elasticity of output as a function 

2) Benefits Acc ru ig to Producers f rom an in[ut Subs idv
 

Benefits to producers are equal to:
 

(63) Bp K I (ME13 )] pQ Q • dPI/PI 

Where 

E1 = (dQ/dPI).(P]/Q)
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E2 = (dPQ/dPI).(P1 /PQ)
 

E3 = (dXI/dP1).(PI/x 1 )
 

and
 

9l = supply elasticity of subsidized input
 

When the demand for agricultural products is perfectly inelastic, the 

benefits to producers due to an input subsidy becomes 

(64) B ) Q ' dPP(-g Q • 


On the other hand, if the demand for agricultural products is perfectly
 

elastic, the expression becomes
 

B gl PQ Q "d P l
 

(64a) P g P Q /Pl
 
Q 
 P1 

3) Benefits Accruing to Consumers from an Input Subsidy
 

(65) Bc11= - Q • dP1 = 1/2 dP1 * dQ
 

or
 

(dP /P) PQ . dl 
(66) B = -E2 [1 + 1/2 E 


2 1B1 1 Q 
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When the demand for agricultural products is perfectly inelastic, the
 

benefits accruing to conisumers are greater than zero. These benefits will 

reduce to zero when th. elasticity of demand is perfectly elastic. 

4) Total Benefits Resulting from an Input Subsidy 

Total benefits from a program of input subsidization are obtained by 

adding equations (63) and (66). 

= 
 l2
Bp + Bc [(El- g1 (1+E3)-1/2 " E 1 E d/PI]P Q d/P
 

Under competitive conditions, output elasticity (g) is equal to the ratio
 

of the cost of the subsidized input to total production cost, i.e.
 

Q
P1 ' XI/P0 .
 

4 
Nerlove and Wallace evaluate a number of types of government pro

grams in agriculture. Nerlove looked at three alternatives: 1) The govern

ment sets a support price above the equilibrium price and purchases and 

destroys all the excess. 2) A support price above equilibrium price is set. 

The output is sold in the open market with the government giving a subsidy 

equivalent to the difference between the market price and the support 

price. 3) The desired price is achieved by directly restricting output.
 

kFigure 3-6.)
 

For the analysis Nerlove assumes that SS' represents the marginal 

social cost of the resources used to produce the commodity and DD' re

flects the marginal value of the commodity to the community. 

4Taken from Currie, Pt. al. (1971).
 



190
 

PA
 

L 

I, 

ID 

'5 I 

0 A 6 C 

Figure 3-6: Analysis of Three Government Support
 

Programs in Agriculture
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When all programs are focused on obtaining price OM, the net losses
 

are given by
 

Program 1 = ANJPC
 

Program 2 = JPE
 

=Program 3 NJI 

Nerlove pointed out that program I will never involve a lower net social 

loss than the other two programs. Wallace added that
 

NSL (3) < NSL (2)
 

as
 

n =c 

where q is the absolute value of the price elasticity of demand and E
 

is the absolute value of the price elasticity of supply.
 

Wallace also analyzes the effects of output restriction through con

trolling the input of a particular factor of production. (Figure 3-7) 

The result of the program is to shift the marginal social cost curve from 

CS to CS' as a result of a less efficient use of other inputs with the 

limited input. The net social loss is given by the area CAB. Of this 

loss, ABD is due to output reduction and CAD is ouQ to the inefficient 

use of the other resources with thu .imited input, if output were re

stricted instead, the net social welfare loss would be ADB only. Thus, 

output restricLions entail a .lower net social loss. 

The basic formulae for calculating the nut social loss in consumption 

(NSL ) and the net social loss in production (NSL ) for an input subsidyc p 

policy are given below: 

(68) NSI =-- (Pd - Pw) (Qw - Qd) 
c 2 

(69) NSL - ("dMY - 'w) ('w - ,'d) 
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p
 

Figure 3-7: Effects of output restriction
 

when use of one input is limited 
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where 

Pw = world price
 

Pd = domestic retail price
 

= 
Qd domestic consumption at domestic prices
 

Qw = domestic consumption if world price prevailed
 

P'd = subsidized input price
 

P'w = world producer price
 

Q'd = domestic Production at subsidized prices 

Q'w = domestic production that would be forthcoming at world prices 

For the calculation of net social losses in consumption, retail prices are
 

used. Use of wholesale prices instead of producer price:3 will over

estimate the net social losses in production. 

In the following example, world retail prices are calculated by applying
 

the existing wholsale/retail margin to the landed prices in Japan for the 

relevant commodities.
 

The cstimated supply and demand equations to calculate the losses are 

presented in the tables that follow. To get the net social loss of the 

1985/86 level of production in terms of current prices substitute the 

and priceproduction goal into the supply equation get the implicit that 

is required to bring forth that level of production. 

Description of Variables
 

Endogenous Variables (units = 1,000 tons) 

=YI wheat consumption
 

Y2 = wheat production
 

Y3 = rice consumption
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Y4 = rice production
 

Y5 = soybean consumption
 

=
Y6 soybean production
 

=
Y7 food barley consumption
 

Y8 = malting barley consumption
 

=
Y9 barley production
 

Y10 = dairy product consumption
 

=YII milk production
 

Y!2 = pork consumption
 

YI3 = pork production
 

YI4 " chicken consumption
 

YI5 = broiler production
 

=YI6 beef consumption
 

YI7 = beef production
 

Exogeneous Variables 

A = retail bread price, Tokyo, Yen per kilogram 

X2 = retail rice price, Tokyo, yen per kilogram 

X3 = consumer price index, all Japan, 1970 = 1 

X4 = gross national production (GNP), trillion yen 

X5 = implicit GNP price deflator, 1970 = 1 

X6 = producer wheat price index, 1970/71 = 1,000 

X7 = producer barley price index, 1970/71 = 1,000 

X8 = retail fertilizer price index, 1970/71 = 1 

X9 = producer input price index, 1970/71 = 1 

X = time trend, 1950/51 = 1950, etc. 
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XII = 	 dummy variable representing unusually low yields not directly 

attributable to included economic variables, zero when not 

applicable, one in 1963/64. 

X12 = 	 dummy variable representing the government program to increase 

wheat, soybeans, anJ barley production, zero through 1973/74 

and one thereafter. 

X13 = producer rice price index, 1970/71 = 1,000
 

X14 = producer soybean price index, i970/71 = 1,000
 

XI5 = dummy variable representing unusually low yields not directly
 

attributable to included economic variables, zero when not
 

applicable, one in 1953/54, 1954/55, and 1971/72
 

XI6 = retail miso price, Tokyo, yen per kilogram
 
= X17 = wholesale barley price index, 1970 1,000 

= XI8 = 	wholesale wheat flour price index, 1970 1,000
 

X19 = wholesale price index, 1970 = 1 

= 
X20 = retail beer price index, Tokyo, 1970 1,000 

X21 = wholesale milk price, Tokyo, yen per 200 milliliters 

X22 = producer milk price index, 1970/71 = 1,000 

= 
X23 = retail dairy cattle feed price index, 1970/71. 1,000 

X24 = retail pork pirice index, Tokyo, 1970 = 1,000 

X25 = retail. chicken price index, Tokyo, 1.970 = 1,000 
= X26 = producer swie price index, 1970/71 1,000 

X27 = producer broiler price index, 1970/71 = 1,000 

X28 = retail swine feed price index, 1970/71 1 

X29 = retail broiler feed price index., 1970/71 = 1 
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=
S30 retail beef price, Tokyo, yen per kilogram
 

X31 = producer beef cattle price index, 1970/71 
= 1 
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Analyzing the Effects of Outpt Price Policies on InputMarkets 

Before specifically discussing fertilizer price policies, the connec

tion between output price po icies and input markets will be reviewed. 

Floyd (1965) considered three types of price-supprt programs: where 

output is not controlled, controlled by acreage restrictions, and controlled 

by restrictions on the quantity of output farmers can market. 

In Figure 3-8 P, - 0" represents the equilibrium price and quantity 

of output. Tf price is supported at P but there is no restriction on 

quantity, gross income will rise accordingly. Similarly the demand for all 

factors will rise. Since land is less elastic in supply than labor, land 

prices will increase relative to labor prices. 

Figure 3-9 shows that under acreage control there is no limit on the 

amount farmers can produce. Hence they will produce by intensive use of 

non-land inputs and costs of production will be higher. The supply curve 

shifts to the left reducing quantity produced and raising price to P - () 

respectively. If the demand curve for a factor (in this case land) is 

downward sloping, the value of land in production will rise. The quantity 

produced and price of labor could decline despite increased demand for 

non-land in puts. 

Under a policy of marketing restrictions (Figure 3-10) output can be 

reduced by any method farmers choose. Assuming maximizatio: of profits, 

farmers will produce the given quantity at the lowest price. This can be 

accomp.lished by issuing marketing certificates to producers bas .d on their 

proportional contribution to the total production. The certificates may be 

tradeable or nontradeable. 
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In any case the demand for all resources used in agriculture will decline.
 

Those rescurces characterized by elastic supply will .xperience the great

est decline in quantity; those with the least elastic supply will exhibit 

the largest decline in price. Hence returns to land will fall more than
 

farm wage rates.
 

The arguments presentcd above can be developed more rigorously using
 

the model of a competitive industry developed earlier in this chapter.
 

(46) Q= a X 1 x9b 2 

(51 1 = hI Pl1l 

(52) X2 h2 P 22
 

cQ f(53) P 


Equation (4 6) gives the production function where Q is output, X is 

land and X2 is labor and capital aggregated. The production function is 

linear and oog;ercous. Agg;ret.,ation of capital and labor is justified 

when th, Lr qupply elasticities are equal and their elasticities of substitu

tion for land are tLh same.
 

P and P2 denote factor prices and PQ equals price A farm Output. 

Equnations (5L) and (52) give the supply relations for factors I and 2. 

C! and g, (elasticities of factor supply) are assumed constant in the relevant 

range. 

EquatLon (53) is the demand relation fo- farm output.
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Price Supports With Output Not Citrolled
 

To calculate the impact of this policy, drop equation (53) and consider
 

PQ as fixed. Sciving the system of simultaneous equations we obtain:
 

(0 + g )
(70) 7 (XI PQ) = +K 1 g 9 - K2 g 

=
(2'PQ) 	 a+ +K glK I g 2 2(71) 7(X2 ) (Q + g gK)2
 

where
 

Ki, K2 are the relative factor shares
 

X1 , X2 are the equilibrium levels of factors 1 and 2 respectively 

a is the elasticity of factor substitution. 

These two equations can be identified as the elasticities of the equilibrium
 

quantities of the factors with respect to product prices.
 

The elasticity of the prices of the factors with respect to product
 

price can be obtained by dividing 7r(XV, PQ) by gI and 7r(X2, PQ) by g2 )
 

r.fulting in:
 

(72) 	 Tr(P-
Q) 

( + 2
 
X, + K 1 g2 + K2 g1
 

7T(P- = (a + g1 )
(73) 	 7T(P I
 

Q)  
X2' a + K 1 g2 
+ K 2 gI
 

Price supports will increase the price of factors when:
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a) The supply of the factor is not perfectly elastic. 

b) The supply elasticity of the other factor is greater than zero; 

c) or the elasticity of substitution is greater than zero. 

d) The price increase will be larger the smaller its own price 

elasticity and the greater the supply cinsticity of the other factor. 

The change in factor price due to a change in product prices will vary 

directly with its relative share and the elasticity of substitution where 

its supply elasticit' exceeds that of the other factor. 

If the supply of the other inputs is perfectly elastic, the elasticity 

of the price of a factor is equal to the reciprocal of its relative share 

in total revenue.
 

The percentage increase in factor prices will equal the percentage 

increase in product prices where the inputs are perfect substitutes in 

production , L. e. , O - -. 

Given that elasticity of substitution is positive but not infinite 

(leaving aside t'c very short run) and that the supply elasticity of labor 

is larger than that of land, price supports without output control will 

raise the pri,, and quantity of both land and labor. Land values will rise 

more than labor returns and the quantity of labor u'ed would increase more 

than the quantity of land. 

Price Supports and Acreage Controls 

A price rise resulting from acreage Lontrol can be analyzed by dropping 

equation (5) and having "X, assume the rank of a parameter. The remaining 

equations are then differentiated with respect to land (X ). 
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The elasticities with respect to equilibrium prices where all of the
 

price changes are induced by acreage control are given below.
 

- g2 (a + e) 
=
(74) 7T(X 2 $PQ) 0 + g2 

- g 	 + K1 o - K2 e 
(75) 	 7r(P PQ) * + g2
 

(X2 Q = +g
 

)- + g2e(76) 	 P 

22
 

In general labor (X2) returns will rise less when acreage is controlled
 

if a) the elasticity of supply of labor is very low, b) the share of land
 

in total revenue is less than the share of the other inputs, c) the
 

elasticity of demand is less than the elasticity of substitution.
 

Marketing Control Using Production Certificates
 

When the production certificates are tradeable, the elasticities of 

quantiLies and prices of the factors with respect to the price of output 

will be:
 

P Q )Tr(Px' same as (72) 

r (P2PQ) same as (73) 

T(X 3 , PQ) same as (70) 

7T(X2 ' PQ) same as (71) 
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and the elasticity of output supply is derived as:
 

(77) c = K1 • 7r(Xi PQ) + K2 * 7(X23pQ) 

Application 

Table 3-3 provides the range of values for the parpmeters needed to 

carry out these calculations. Where a range is given, there is no consensus
 

of available empirical evidence.
 

The relatlive share of income attributable to land is calculated by
 

taking the ratio of 5 percent (the capitalization rate for land rents) of
 

the value of land to gross farm income. The relative share of income
 

attributable to labor and capital would be one minus the land share.
 

Estimates of the elasticity of demand and the elasticity of substitution
 

are also illustrated in these summaries. 

The estim.ted parameters were used in measuring the impact of 
a ten
 

percent increase in product prices. The resulting changes are given in
 

Table 3-4.
 

Table 3-6 indicates several important results if people involved i. 

agriculture are divided into four groups: landowners, tenants and hired 

workers, owner-operators, and prospective entrants. 

Landowners benefit most under these circumstances: 

a) price supports combined with non-tradeable production certificates 

issued to them. 

b) price supports with no contro.s on output. 

Landowners will benefit less when: 

a) the certificates are tradeable and issued to producers. 

b) under acreage control. ystem unless compensatory payments were high. 
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Table 3-3: Plausible Values of The Parameters 

Symbol Parameter Value 

e..... Elast'icity of product demand -0.5--0.25 

a ..... Elasticity of substitution 1.5- 0.5 

g2 .... Supply elasticity of labor and capital 3.0- 1.0 

gl... Supply elasticity of land 0 

K ... . Relative share of land 0.2 

K2-' Relative share of labor and capital 0.8 

SOURCE: Floyd (1965). 
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Table 3-4: 
 Extreme Cases of Effects of a 10 Per Cent Government-Induced
 
Rise in Product Prices on Variables Under Study, Given Alternative
 

Assumptions About Output Control
 

R4sULTING (IANGL0 

1) l'I' i,I Ilrtdut i 	 arn 1o I f l Mr
(I'+i tti . l) R'5l , I it n l arkr Cent) 	 W lr Ptj tL. .. I ing 

(,. I I . I,..i S
+
' 

+ 
Ut+.l l'.ti ili~att,d, 

( l r v'o'l)S-- - -	 t 1'" lit ) l t (.'lit)-....... 
 . . . . . .. 

+t-Ir 4-17.0 +8.8" +13.5" +31.8' 0.Mji,,r,,,,........--	 Not a)pli,,, 0 4- 5.74, -1-4.5" + 8.8' + 7t C;
 
-1..... 5- W.0 


r.r ti, 'it-| ttrol+:	 0) :,, 
+10.0 ' +5.0" + 5.0' -+10.0" -52 0 No 

.- i-imum M 0.0' 0.0' 4- 60' 12 0 Ca)e+int -12 


.\Ii1111i .... l)04-l 


M'iarlk.t iii t+L t, 	 5)", 

- 5.0 -3.0' - 6.3 -_1401" 0 70.2" 

Minimum. . +. I0.0 2.5' -2.1" 	 - 3.0' 0 67.4' 

owl KaI I .t It i. hli Ix+< ., 02. A'h - 0 I, a )t .- ii. Itens narke-d v:tI a invIh ,iti A t). trt- aulatti d on th. -- I0 23 . 0 - I ,. ot 1 I*0 h istoliirke l t ,tW ,u ritt O tit . ' lk ,~lh 	 iA:ioI . i i ti .,i t h t 1 - -. 0 3S- . I I o, j4 II Il t~l'l+ it' AIril~vaqik apl(iva|,+'r, iwuC4lnttid Iht.) 0 I+.l dw~ , it 4%.is, s, aI;i: ti:t 0. 'j 

f t ,.4-,u',l[ , Ia'u'lt,e aws,|:peif t)' . (1';1t'l y swb. t'ti. n"i ty h l,:ttt<il pl
 
, " i t') 131"! .11 ot Ox "!- ,)|fL+
c, Ict - w . r, , 	 rt uri , la.b %++.)Ll be' iI 11" d, q)I, ' .'(j t .~tr .011fil ;1 , f+
 

"I!w t, ,I, , ) t[x It'd, 0""Y+'til;. altv 0.3d'
I" |+41: ill lef1i %a.h:c,' W', l x;.%01,1 0 1.:1 .t lll m" '. ?n, If- . Li to- I tl!,.

+. ei'P'+' 1 l rid h!0 , +- II~:fl.,.il I l ll 1.11! \Il", +\I-.ll u:!."lt.] in nlfix!1 l tllt.fi !"~ 1,.:.,II .',,
 

.
[+''+]i)', m1 irigir,t. It'f i t' i• 	 ,t, 'ullt j 'i I, 'n~1a fri;1 XII f ! qas0tlet nl~f 

SOURCE: Floyd (1965). 
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Tenants and hired workers will benefit the most when:
 

a) prices are supported and output is not controlled.
 

b) some gains will also result under an acreage control.
 

c) marketing certificates are issued to them.
 

Tenants and hiredl workers will be worse off under price supports com

bined with non-tradeable production certificates.
 

Under price supports with no output control, the owner-operator gains 

both on his land and labor. With non-tradeable production certificates, he 

gains on land but loses on labor. Owner-operators will gain more under a 

program of marketing controls, since the amount of land they own will be 

large relative to their labor resources. 

Prospective farmers would not benefit substantially from any of these 

programs. With price supports the anticipated future returns are capitalized 

into the value of land mking it more difficult for them to get into the 

industry. In the case of output: controls via productior certificates, 

prospective farmers will certainly be worse off, since che purchase prices 

of land and the production certificates will include the capitalized gains 

from the program. 
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Fertilizer Pricing Policies
 

With their increases in agriculturl production due in substantial
 

part to the increased use of fertilizer, many developing countries have
 

adopted national fertilizer policies to make supplies cheaper and more
 

readily accessible. This section examines fertilizer price policies and
 

subsidies 
'n light of the preceding theoretical analysis of input price
 

policip.
 

National fertilizer policy 
can reduce relative fertilizer prices in
 

the short run 
in one of two ways; either through the use of a fertilizer
 

subsidy or by raising output prices. 
 In the long run, fertilizer prices
 

can be decreased by in-country mixing of fertilizers, expanded domestic
 

production, and more efficient 
distribution.
 

Subsidies on fertilizers are sometimes preferred because the benefits
 

farme rs derive are it proportion to their use of the input. At the same 

time, input s:ubsidies may be less costly than product price subsidies and 

possibly more uesilv reduced. The establishment of a subsidy, however,
 

does not ,utort aicly mean that it wil.I benefit the group for whom it 

was intendd. >Mnre wi ll be said about the l-imitations of fertilizer sub

sidy' prog rams later. 

!rigeneral, a fertilizer subsidy may be expected to have the following 

social effects:
 

- Strongly positive effects 
on crop production and consumer surplus,
 

- Positive effects on 
exports and producers' income,
 

- A negative effect on the governmentalaibudyc,,
 

- A w.idening,ga p in 
 incomie between farmers us Lng fertilizers and those 

not "sing it. 
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Pui -,ose of Subsidies
 

There are several reasons given for subsidizing fertilizer in LDCs.
 

The major traditional purpose has been to encourage its use by farmers and
 

thereby expand total agricultural production. Fertilizer prices in LDCs
 

are typically higher than in most developed countries. LDCs must generally
 

depend on imported supplies and therefore pay additional transportation and
 

distribution costs. At the same time, if supplies are domestic, production
 

costs may be higher due to outdated production proces,"es and inefficient
 

management.
 

Fertilizer subsidies are justified by the claim that they reduce
 

fertilizer price and therefore, cost to the farmer, providing the necessary
 

economic incentive to expand fertilizer use.
 

In general a subsidy is also justified given that fertilizer prices are
 

high relative to product prices. In the event of a sharp increase in fertilizer
 

prices, a subsidy may help maintain its use, expecially when product prices 

have not increased accordingly. 

Another reason for subsidizing fertilizer rests on the assumption that 

fertilizer production exhibits economies of scale. A subsidy of fertilier 

will help expand t!e markct , ind poss ib.]y 1nakL" the establ~i shment of fertilizer 

manufacturing and di-stribut ion Inci ]i.LOs conomicaiL. 

Finally, a subsidy on fortilizers may also be part of a package to 

increase food production. F",r example, a program of input subsidies may 

include not only fertilizer, but other farm chemicals, credit, and seeds as 

we I I. 

At any rate, in almost all cases of subsidization of fertilizer use, 

it is implicit that it is a temporary measure and will eventually be with
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drawn. Those who benefit from the subsidy, however, normally resist any 

movement toward withdrawal, so it often remains in effect longer than 

anticipated. Mudahar (1978) points out that: 

"Since only those farmers who use fertilizer benefit from 
the subsidy, income disparities may widen through both direct 
impact on income and also through an indirect impact on 
increased land values. The use of fertilizer subsidies can 
also result in an normous cost to the treamsurv and hence 
increased tax burden. Finally, subsidy p rogrammes are diffi
cult to terminate or phase out because of incre1ased expecta
tions by rmers" (p. 55). 

Tips -of Subsidies 

Classifying fertilizer subsidies is a more difficult task than it 

normally appears. In some cases the efforts to equalize prices between 

regions or for certain types of fert.ilizers does not invo lve an a tua]
 

,,vurnment subsidy. 
 This is the case where prices are controlled in order 

to a) equalize prices of imported and domestically manufactured fertilizer, 

or b) Lu provide price uniformity in different parts of the cotntrv. 

1 theIn oft-t cses .overnment Lcvies dut ies or taxes or imports or 

production NO. then returns an approximatelv qua. sum as a Ferti.izer, 

subsidy. Al.turit lyevc,a price cef.ling may be placed on domestically

poduced fort.lizer. Such a price may well be below the price in the 

world market. 

A subsiyv on fertilizer may also take the form of a preferunt al. 

exchange rate or when the import, production and/or distrfbution is 

government control led, the price clarqd mav he behlow the nIctual (:ot. 

The problem of classifying subsidies is : ,:p.mndud by the faci that 

tlhP subsidy n;v be applied at many di f ferent poinots: fWm11 tproducer or 



213
 

importer to final user. At the same time the subsidy may apply to only
 

certain crops, types of fertilizers, or certain regions of the country.
 

In view of all these problems a very aggregated classification is 

utilized. For presentation purposes subsidies were classified as: direct 

subsidies and indirect subsidies. 

Direct Subsidies. Direct subsidies involve a government payment to 

some group in the fertilizer production and marketing chain. The major
 

groups are manufacturers, importers, transport firms, distributors
 

(including cooperatives), and farmers. The latter two groups, however, 

appear to be the most prevalent. This is documented in Table 3-5, which 

summarizes three different tabulations. 

While the data are not complete and not entirely comparable, it would 

appear that from 1968 to 1974 there was an increase in the number of sub

sidies applied at the manufacturing and farm levels, while from 1974 to 

1975 there was an increase in the number of subsidies applied at the 

distributor level and a decrease at the farm level. 

In certain cases there are restrictions for the application of direct 

subsidies with regard to the type of farm and/or the type of crop subsi

dized. That is, they may be limited to smail faruers, to producers of 

specific crops or differentia i pr icing by type of crop. 

Indirect Subsid ius. Many of the indirect forms of government assis

tance are much more difficult to classify as subsidies. Many of these were 

mentioned when discussing the problems associated with classifying sub

sidies by type.
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Table 3-5: Points of Application of Fertilizer Subsidies
 

Recipient OECD 
 FAO FAO/FIAC
 
(1968)* (1974)* 
 (1975)*
 

- number of cases -


Fertilizer manufacturer 
 1 6 
 10
 
Importers 
 1 1 4
 
Internal transporters 3 3 6
 
Distributors (inc. coops) 
 3 
 5 14
 
Farmers 
 9 22 7 
Unidentified 0 0 
 11
 
Total** 
 17 37** 52**
 
Number of countries 17 35 
 43
 

*The year stated is the year the data were reported; they presumably 
apply to the previous year or years. 

**Payments were sometimes made to more than one theof above recip
ients.
 

SOURCES: 

OECI). !Thpjplv and Demand Prospects for Fertilizers in Develo ingCountries-, 01-C), Development Center, Paris, 1968: p. 169. 

1AO. (NentoFertilizer Subsidies," Rome, January or Februaryn FAO, 
1974, Table 3, Col. 3. 

FAP/FIAC. "Possibilities for the Development 
Use of FPrt ilizer Subsidies in Agricultural Dee 
Party on the Economics of Fertilizer Use, Rome, 

of Cui
lopment," 
March 17, 

delines for the 
FAO/PIAC Working 
1975, Chp. I, 

p. 3. 
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A common form of indirect subsidy is the fertilizer transport sub

sidy which takes the form of a subsidy on costs to remote areas. Credit
 

on concessionaL terms for fertilizer purchase is also a form of subsidy.
 

In some countries a double tax writeoff has been allowed to farmers 

on their fertilizer costs. In the 1950's Brazil used a package involving 

a favorable exchange rate for fertilier imports ;as well as tariff exemp

tions, state and federal tax exemptions, and highly preferential rail 

freight rates and port fees. 

A less common type of fertilizer subsidy is the set of fertilizer

related services that can be provided by government infrastructure,
 

particularly the extension service.
 

Limitations of SubsLdy Programs 

On the management side, administrators of subsidy programs face at 

least two major problems: reaching the intended recipient and establishing 

the appropria te subsidy level. 

Reachin, the Intended Recipient. Since the subsidy can represent a 

sizeable source of inc,,,, mhny people would like to profit from it. In 

the process, the benef its to the intended recipient may be substantiaLlv 

reduced. In some cases, although subsidized fort ilizer was sold through 

authorized wholesalers and retailers, it was hoarded to furMc th. price 

up. As a result, it was sold to farmers at more than double the subsidized 

price. 

An almo:;t unavoidable resul.t of fertilizer subsidization is that some 

farmers may benefit more than other:;. in Some cases tho, :o ecoionically 

and politically influential farmers reap the greatest benefits from thi. 
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subsidies. 
 With this in mind, it has been suggested that the removal of the
 

subsidies should neither dampen fertilizer demand significantly nor cause
 

undue hardship to the poorer farmers.
 

in most cases subsidized inputs are only a small fraction of the costs
 

of production. Consequently. lower price for those inputs does not 
imply
 

improved levels of income in the face of downward fluctuations in price.
 

The use of input subsidies does not lend itself to discrimination between
 

products or income gruups of 
users.
 

A more 
inportint problem associated with input subsidization is that
 

Kney distort both te choice of commodities to produce and the choice of
 

technique of production. As a result of a subsidy, too much of the input
 

may be used or an inefficient cropping pattern may be selected.
 

A rise in the price of fertilizers is likely to cause the folcuing
 

effects:
 

- A drop in the use of fertilizers,
 

-
A change in the pattern of utilization,
 

- The price of food to consumers might rise due to higher input 
costs 

and/or lower vieds due to less fertilizer used. 

Farmers with limited i inancial resoucts mav be unable to buy as 

much fert illizer at u:ns.ubsid.ized prices. As a result, fertili..zer use in 

this inc,:, group may: fal. Change in the pattern of utMi izattion also 

cc'acs about as 
crops with highest returu absorb almost all fertilizer 

available. 

As mentioned before, an alternative policy to foster fort izer use 

is 5y work, on the produ't price via adjustrent in the pr ice .ipprr. lovel 

and/or in offivi al wholesale/retail prices. In 4oneral. constraints on 
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fertilizer use range from delivery problems to lack of farmer knowledge about
 

its potential payoff.
 

Cost of Subsidy Programs
 

Subsidy programs for fertilizer can be very expensive for the modest
 

agricultural budgets of many LDC's. One of the earlier programs, in Chile,
 

was discontinued several times due to lack of funds. In Uruguay, from
 

1961 to 1966, the annual cost of a relatively modest subsidization program 

was $2.53 million and the government "from time to time" had difficultv 

in meeting paymen s. The cost of subsidies in countries with more exten

sive subsidy programs is substantial: in South Kore-i the fertilizer sub

sidy cost $8.84 million in 1968 and $17 million in 1969; the expected cost
 

of the fertilizer subsidy program in Afghanistan in 1975 is $15.1. million, 

while in Bangladesh the proposed subsidy in the Five Year Plan totals $50 

million. 

Curiouslv, there does not seem to be a great deal of evidence avail

able to demonstrate the effectiveness of these vast expenditurus in 

stimulatin ,, fertiLizer use. This absence has been noted in at Least 

several natir-:;--irazi 1, Jamalica, Kenya, and Tunisia. This is not to say 

that subsidies havw been jim flect ive, only Lihat remarMablv lit.e evidence 

seems to be :ivailable considering the substLint i 1 fUndmS whi ichhave been 

involved.
 

M'idahar (1978) comparud the expenditure oM fert il izer subsidies with 

that on ;lg,rictl.t ra research and cen(.,nded t at: 

"T e xpend i iirt, on fer t:i iie r I i fv a ueS; the
 
expenditure on PuSwirCii tt',:fl tilili V'es.
Lagriii 1trai tie} n.Lnt
 

i n agr l ii;r;en0 resear-c raYiLeS a str r;;:ol ic r:n(i
i returns 
for all inde-liniL period ;IS riomparcd to Jinvct;;,,i aiint in .heform 
of ;erti] zer s.nbsidi e' (p. 55). 
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Table 3-6 shows his findings for a few selected countries.
 

Estimating Fertilizer Demand
 

Griliches (1.959) developed a model for estimating regional demand 

functions for fertilizer. A summary of other fertilizer demand studies 

is shown in Table 3-7. Baker and Hayami (1976) analyzed fertilizer sub

sidies for two crops as a means of attaining the goal of food self-sufficiency. 

This article is reviewed more in the next section. 

The Griliches mode2 assumed that the desired or long-run level of 

fertilizer use is a function, linear in the logarithms, of the "real" price 

of fertilizer. Real price is taken to mean the price paid per plant nutrient 

unit divided by an index of prices received for all farm crops. Adjustment 

in the use of fertilizer is incorporated by adding the lagged fertilizer 

use to tWe demand fumntion. 

The model can be sumarized as follows: 

(78) log Y = a + a log X + U 
t 0 1 t t 

where Y is the "desired" or "equilibrium" level of use of fertilizer; X is 

the real price of fertilizer. 

The adjustment equation is denoted by: 

(79) og,Yt - log Y t-i = b(log Yt - log Y tl) 

where Y is actual level of use of fertilizer; b is the "adjustment coeffi

c Lent. 

(&'0) b I og Y4.. 
= log, Y + (b - 1) log: Y 

' : t t
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Table 3-6: Fertilizer Subsidy, Agricultural Research Expenditure in
 
Selected Countries (1969-1975)
 

Subsidy as per cent 
Agricultural of agricultural

Country Subsidy rr'sarch rmseach 
expenditure expeiieliturr expenditurr 
(million S) (million S) (per cent) 

Afgbalistan .. .. .. 15.10 0.63 2,397 
Bangladesh .. .. 14,63 1 ,40 1,045 
Indonesia .. .. .. 71.90 3.42 2,102 
Iran .. .. 36.08 16.G6 217 
Soith Korea .. .. .. 27.26 2.44 1,117 
Pakitan .. .. .. 20.97 1.26 1 fiG4 
Philippincs .. .. .. 36'77 7,96 462 
Sri Lanka .. .. .. 5.25 2.4-1 215 

SOURCE: Mudahar (1978).
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Table 3-7: Summary of Fertilizer Demand Studies i.n Developing Countries
 

Cuityy 

l1atil 
Ilhazil 
Ini.1ih, 
I 
l, .a
.l;un., 

K, . 
K,"r',eI 
lPakis~ia 
1'buli~trin:, 
ItiaIn 

"laiii% 1 

'!iu n', 
'I -,al;kl 
U S.A. 

Iertili/er 

N IK 
N 'K 

N 

N
N!'. 

I,K' 
N1K 

N 
N 
",' 

NI K 
N ItK 
NI'K 

Adapted 

bDenotes 

CDentes 

dDenotes 

SOURCE: 

lim e pcriod 
Elasti it, 

. .. .
shwit-rI1n 

of dinand 
. .

LI., lg!-ru n 

AdIust
't c'-

,'fla i,'nt 
. ,rc 

19 1.7 1 
1'9.1.71 

-I. 121.... 
0 33c -- 191 0 1' l.rstoShauus 

n.,], 
and ,20) 

M 
1''7' ,.l7Tuil 

0.31d 
- 0.5%-

0.3 
-I (,3 

0-
0. 

2I 
,M 

' 

R (31 

I'-,' -,i/
60/17/q. 

10 0.72 
I17 

--1 20.1 
... 

.. 17 
-1'70b 

- 2.5 
-f.74l, 

-- IM.11 

0 . 

0.20 
-.- . 

'.uikh (27)
1[:I,.at, i I1i) 

D';t,:, l).d l amd Shim (31 ) 
"- D.1)11la:d utim (36) 

lN -'.1'1 .72/73 
T)";-72 

P--in 
'I 1.1 

0. ,2b 
- 0.'lb 

.5 
- -2.1)3b 

...-
..... 
-

-- 2-99 

-at 

(0.I 

• (31. 
R',1h 'uz '32) 

1,u 17' 

1'",1-7,. - .2')c % Ptilip tn' h' 30, 
I' .,4-72 
1911-

0-27c 
-- 0f)3 

- .37 
-- 2-99 

0.72j 
1 23 (;rilihcs (13, 

From Timmer (39).
 

sigrificance at 0.9 or higher.
 

signi.ficancc between 0.8 and 0.9.
 

significance between 0.7 and 0.8.
 

Mudahar (1978), p. 53.
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,
 

Multiply (71) by b and substitute for b log Y
 

t 

(81) log Yt + (b 1) log Yt-1 = b a0 + b a1 log Xt + b Ut 

=
(82) log Yt b a0 + b a1 log Xt + (1 - b) log Yt-i + b Ut 

This equation is then estimated by the method of least squares.
 

The Variables: Definitions and Sources. The fertilizer variable is
 

measured in terms of plant nutrients. Individual nutrients are weighted
 

by their relative prices before aggregating. The weights were derived from
 

a regression of average 1.955 U.S. prices of different mixed fertitLizers on
 

their respective percentage contents of the three nutrients. Regional
 

differences were taken into account by dividing the plant nutrient tonnage
 

by a regional index of cropland used for crops.
 

1.62 N + .93 P + .45 K
(83 tyt 
=
(83) Yit 
 A.it 

where (1.62) (.93) (.45) are the weights derived by the previously mantioned
 

regression approach for Nitrogen (N), Phosphoric Acid (P) and PoLash (K)
 

respectively.
 

RegionaI prices paid by farmers for a plant nucrient was calculared by 

dividing regi',inal esti:nates of farmer's expenditures on fer t Li,,.e r and by 

the price-we ighted regional aggreg'ate of plant nutrients described above. 

Region;l indexes of prices receivud by Iarmers for crops was ca lculated 

ind exes regitoaI I .by dividing the of o a ua v;,lue:; of crop:; by r.giona farm 

output index for crop:;. 
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The Results and Their Limitations. The regional regressians nre pre

sented in Table 3-S. The regression coefficients (a) were computed using 

the e!-ion. 1.timat:e of the "re. 1!" price received by farmers as the 

independent variable; the (h) couftfic ints were computced us .ing the US series 

on real. pr ices ruceived by farmers. 

This very simple model of demand depending on real price received and 

on adjustment process e>:plains a very high fraction of the variation in 

annual us. of fertilizer. 

The estimates of the adjustment coefficients (b, a ! ) are less satis

factory. Te estimation technique used is l.ike-y to result in an upward 

bias in the est:imnated coefficient of the lagged dependent variable and 

hince in a downward bias in the estimated adjustment coefficient. The bias 

results from aving out some other variables that affect fertilizer use. 

Th,:in, vari;bles will introduce serial correlation in the residnal term and 

intercorrel;tion betweien the residual term and the la'ged dependent variable. 

A, a rsuslIt, Oe us-imated coefficient of Y is biased. 

Te'iWtrOction of a lag'id dependent variable (Y M-) into the 

regression isa useful device to take seria.l correlation into account. 

Ne,,rthc is nil1 serial correlation cannot be attrllonted to the adjustment 

me 'hanism. 

FTe estimates of the long-run elasticity can be obtained bv dividing 

the ,stiitu or the solrt-run elasticity by the estimated adjustme:t ,oefVi-

Th,'' jusqtmnnt coeffi cient b) may be low due to serial c -rrh_,la)t:iot in 

h, res iuna s ,id also due to errors of meast!'ee.,nt in X. T'h'ur., two I,;tcto. 

connr int e L" much ",."s rorier" .>: or'ower than X. 
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Table 3-8: Demand Functions for Fertilizer by Regions and for the U.S., 

log Yit =ba + baI log Xit + (1-b) log Y t-1 + buI 

Coecffiicits of 
Region IV ) 11 

log Xj, log 'iL.I 

New England (a) -. 196 
(.100) 

.9-1 
(.()o ) 

.919 .08 -1. 

(I) -. ,).901 
(.080) (. 0 ,) 

.051 .10 -1.q9 

Middle Atlantic (a) - .ql6 .908 .982 .09 -2.35 
(.08g) (.0w9) 

(h) -. 185 .877 .985 .12 -1.50 
(.057) (.0m8) 

E'nt North Central (a) - .4:1 t .878 .985 .12 -3.50 
(.087) (.038) 

(h) - .514 
(.097) 

.823 
(.04) 

.986 .18 -2.00 

West North Centrnl (a) -. 600 
(. 0 8) 

.859 
( . 0,:1) 

.089 .14 -4.0 

(h) - .771 .845(.16-1) (.o()2 .987 .10 -4.97 

South Atlantic (a) - .8.05 
(.074) 

.755 
(.,065) 

.P(6 .24 -1.41) 

(I) - .370 
(.064, ) 

.7.14 
(.059) 

.971 .26 -1.45 

East South Central (a) - .624 .7qt, .908 .28 -2.26 
(.126) (.06H) 

(.) -. 647(.13S0) 
.79,(.069) 

.061 .97 -2.19 

West South Central (a) - .f57 
(. Is1) 

.7.1 
(. 0(5) 

.969 .26 -2.67 

(h) - .7S0 
(.155) 

.771 
(.060) 

.970 .Q3 -- 3.41 

Mountain (a) - .319 .965 .)70 .O4 -9.11 
(.173) (.037) 

(h) --..40.It)) .$60(. m,3) .972 .1 . -3.21 

Pacific (a) -. 051) .'10 G .985 . A0 -3.23 
(.137) (.o,5) 

(h) -. 4WOS .,fl. . I)70 .1l6 - .5' 

(. 182) (.067) 

U. S. (log Z) - .393 
(.075) 

.816 
(11( ) 

.18:3 .18 -2.11 

J. S.* -"log) .8 9-.518.1)86 .16 -3.16 

Source: Griliclies (1959) p. 94 
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Regional Differences i the Coefficients. Several hypotheses about
 

regional coefficients were tested. The first hypothesis was 
that the
 

more experiaenced farmers Ihave had in the use of 
f rt, izer, tie faster they
 

adjust to price changes. The spearman rank correlation coefficient between
 

the estimated adjustment coefficients and the 1931-56 geometric nverage of
 

plant nutrients used per acre of cropland was used to test this hvnothesis.
 

The second hypothesis: the demand for fertilizer is more price elastic,
 

in the long run, in regions with Low level of fertilizer use. This
 

hypethesis refers to the fact 
that effect of additional fertilizer use on 

crop yields decreases after a ceiling is reached. Pence, regions further 

away from the ceiling wil react more strongly to changes in the price of 

fertilizer. This test used the spearian rank correlation coefficient 

between the absolute of the long run ferti.izer price elasticity and.value 


the average quanwity of plant nutrients used per acre of cropland.
 

Estrablishing1:~ Subsid, Levels 

One of the ma jor managenent problems of fertilizer subsidy programs 

is the estabbis2hment )f the proper subsidy .evel. If the subsidy is too
 

low, it 
may not a(' ((ompi)ish its intended purpose of encou,'aging farmers to 

adopt or maintain frti1izer usu. if the subsidy is; too high it may lead 

to wasteful -resour:eailocation. In either case, fertilizer use may be 

more prof italeuI ' m -;r!''c cUps thran others--and these mav ion be the ( ones 

fur"wh i dr itcwAs N aended. lust how the subsidv level is actualv established 

in r t IDC's is, at this point, a m;atte.r of some Il\s te ry. I. woul d ap)ea r ,
 

however, thit in it least so. ' (untri e; there in NN ef1oct to strik :1 

blance between official fert ilizer and product price.:-. In some countries 
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a given fertilizer/output , rice ratio is maintained or ac least the sub

sidy is adjusted to keep it within a certain range. In this case the
 

fertilizer/pcoduct price ratio or real fertilizer price is used as a
 

guideline. Both Mudahar (1978) and Peterson (1979) point out, however, 

that there is significant variacion in the price farmers receive for their 

products and hence, such a ratio does not have country wide validity. 

Griliches (1959) suggests that disaggrepation to the regional level to 

estimate the elasticity of demand for fertilizer is justified due to the 

existence of such regional variati, In some cases, as fertilizer prices 

increase, the subsidy level may be set at a level which would maintain an 

earlier level of farmer purchasing power. 

National fertilizer policies are usually cast in terms of price 

options or of cost-benefit analysis of alternative price levels. 
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Fertilizer Subsidy for Food Self-Sufficiency
 

This application illustrntes how analysts can evaluate the impact of
 

alternative poJicies. It is based on Baker and Hayanmi (1976). 

A true self-sufficiency goal can be achieved only if the agricultural
 

production function is shifted via technological improvement (irrigation,
 

research and estension). In the short run, more production can be generated
 

along the same production function by policies such as supporting product
 

prices or subsidizing specific inputs.
 

If an input, such as fertilizer, is not being used in an optimal
 

quantity a subsidy on this input may result in a net gain to the society.
 

On the other hand, a support of product prices will induce increased use of
 

traditional inputs as well as of modern inputs. The likely result will be
 

more social cost than benefit.
 

An alternative way of increasing the supply of rice (without resorting 

to supporting the price at P as above) is by shifting the supply curve fromS 

SS to S'S'. The relevant parameters for this kind of policy are the pro

duction elastici,ty of fertilizer in the rice sector and the price elasti

city of demand for fertilizer used in rice production. The production 

elasticity of fertilizer will ind icate the expected Lncrease in ,,utput 

forthcoming from ,additionaluse of fertilizers. The price elasticity, on 

the other hand, will provide an idea of the add itiona1 furt i.izer that will 

be purchased for a given decrease in its price.
 

Fifgure 3-12 depicts a model of fertilizer subsidy where two crops are 

considered . LetW's represent the demand curve for fertilizer in the rice 

sector as ) D ind that o! the sugar sector a:D!)) . Total demand lor 

fertili zer will be denoted by DU and doestic smply of fertilizer by SS. 
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Figure 3-11: A Price Support Policy 
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Figure 3-12: A Fertilizer Subsidy Policy (Rice) 
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The world supply curve is assumed to be perfectly elastic (S ) at the world
w
 

price of fertilizer (PQ ). 

A subsidy to maintain fertilizer prices for rice at P. will cost the 

government and amount equal to the area represented by ADP fs Pfw . 

Rice producers will receive a dual benefit: one from being able to 

buy fertilizer at a lower cost and another from the increased output they 

can now produce due to more favorable fertilizer prices. Before the sub

sidy producers bought quantity X , whereas after the subsidy, this same 

quantity will cost them CI)P . P - less. Similarly, the additional output. 

produced ((Q in Figure 3-11) will bring them ABO Q in additional revenues. 
0 c 0 C 

Net revenue from the increased output will equal ABQ 0c - BDX X in Figures 

3-11 and 3-12 respectively. 

Net savings in foreign exchange are given by the difference between 

the expendituores for rice imports, area ABO (Q in Figure 3-11, minus the 

foreign e:chan:ge rqui.rements for fertilizer import, area ACX0 XS in 

Figure 3-12. 

A Fertilizer Subsidv for Sugar 

In the a)ove anaal-ysiis two prices of fertilizer existed: a subsidized 

price for rice priodurce, and anothe price for sugar growers. In this 

section the cost.s nd. h it:; of fertil izer subsid L ioM are estimated 

when no n is; wd. between crops on whi a i l isdi.stinc'ot .- izIice ascd. 

In Firirc "- 3 D I3 ad SS ,upre, .nt. dow:vstic dtown!gk up1.11 g, and siied"Ic 

for sugar. S'S' reprsnts a shift in t t. ivly ,upc udul. d l t-rtihe slt-

M y on lertI-tilizer. Let R rupresu.m ti. :-i,, ,"t prico o: :ugar "nd R' the 
w w 

price producers rCective it'er" p)(i}'ilg an export ti:;: on1 the product. 
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Figure 3-1.3: A Fertilizer Subsidy for Sugar 



231
 

In the absence of a fertilizer subsidy, sugar growers would produce 

the output given by OY which implies domestic sugar consumption of R'J 
0 w 

and exports of JB. If the government sets a price of R, at which pro

ducers must sell to domestic consumers and such price and quantity para

meters are fixed, then consumers' welfare does not change when a subsidy 

for fertilizer is put into effect.
 

A subsidy on fertilizer used in sugar production will cost the govern

ment an amount equivalent to area EFP fs Pfw in Figure 3-12. Assuming that 

all additional production can be sold in the interniational markel, exports 

will increase from Y Y to Y Y (Figure 3-13) resulting in an increase of 

government revenues (from export taxes) equivalent to the area BCEH. Sugar 

producers obtain dual benefit. In the first place they realize a cost saving 

by purchasing fert-ilizer at a lower cost (in re lation to the pre-subsidy 

pli ce it amounts to the area 1GP fsPfw in Figure 3-12). In the second 

place they realize auditional revenues from the sale of the incrensed out

put (area BCY Y in Figure 3-13). To obtain the gain in net revenues sub5 (0 

tract the cost of the additi nai fertilizer purchased by sugar producers due 

to the more Fivoraihle price (area FGZ Z in Figure 3-12).O 5 

Theforeign exicnge S-,Wt t', as lows. foreign. ',e Ion s fl Adi.Lionai 

exchange Is generted f'rom the sale of the increased output of sugar (area 

HEY Y in Figure 3-13). On the other hand, foreign exchang.,e is used up in 

securing the needed lertilizer and is represented by the area HEZ Z in s o
 

Figure 3-12.
 

Fo rmulae t) Estimate Benefits and Costs AssoackIt ed with ALt ernative Policies 

Denote: 
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5: price elasticity of rice supply
 

a: production elasticity or fertilizer with respect to rice 

6: production elasticity of fertilizer with respect tr sugar 

-y: price elasticity of fertilizer demand with respect to rice 

-C: price elasticity of fertilizer demand with respect to sugar 

1) Fertilize-rSubsidy for Rice 

Let X be the amount of fertilizer that must be used in order to s 

achieve a given level of rice output (Qc). Xs can be estimated using this 

relationship: 

((84) Xs = Xo(Qc /Q ) - X1 o 

Let P be the subsidized price of fertilizer that will induce farmers 

to apply more of it so as to reach X . Also let: P 0 represent the unsub

sidized fertilizer price. The required subsidized price to accomplish the 

tanret fert Iiwr use is given by: 

(5) P P f(X/Xo)_ /y + (Qc - Q0)i -I/ye
f•f fo O 

The government cost of the subsidy to attain the production goal (Qc 

in this case) is equivalent to area ABP fs in Figure 3-12. It can be 

estimated by: 

)(86) Xs(Pfe - P.s 

The revenue that the government is nct receiving by implement ig this 

policy is ABEl. It represents the profits obtainud by buying at price Pt 
w 

and sel1 lingnr t price P , it is g vcn by: 
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c
(87) (Pd - P') (OQ - OQo) 

The benefits accruing to rice producers as a result of the subsidy on 

fertilizer price is given by:
 

+(88) (Pfo - Pfso) X ( - Mr ) (OQc - OQ ) Pd - Pfs (Xs - Xo) 

Net saving of foreign exchange is given by the saving achieved by not 

importing rice minus the expenditure in importing the needed fertilizer. 

Net saving of foreign exchange vill be given by: 

P r o (89) Pw (OQc - OQ ) - (I - Mf) (X s - Xo ) 

2) Fertilizer Subsidy for SuMr 

Thu demand for fertilizer input by sugar producers when the price of 

fertilizer is at the required mubsidized level in order to bring about a 

given rice output is denoted by: 

(Q C Qo))L Z(P /P(90) Z = Z 
s o fA fs 0o 

where Z is the ferti izer usagie at the subsidized price P and Z is thes fs o
 

fertilizer usage at the unsubsidizud price P, 

Ouput of sugar at ti usidWzed price of furLilizer is given by: 

(91) Y + (Q.,- Q) way 

s 0 S 0 0 ,) 

where Y is tLe suga r uttpL at the subsidized price of forci.zer and Y 

ta a
 

that at the unsubsidized price. 
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The cost to the government of the fertilizer subsidy for sugar is 

given by the area EFPF s P fw in Figure 3-13. It can be estimated using the 

formula: 

(92) Zs Wro - Pfs ) 

The government revenue coming from increased sugar exports (via an
 

export tax) is ca]culated by:
 

(93) t • r (Y - Y ) 

where rw is the export price of sugar and t is the rate of sugar export 

tax. 

Sugar producer's increased revenue is given by: 

(94) (Pfo - Pfs ) Zo + (I - t)( - Ms)(Ys - Y) r P (ZZ)s Z 0
 

where ,M is the rate of processing and marketing margin for sugar.S 

Foreign exchange net gain rrom this n-,]icy is given by: 

(95) r" -V:Q Y - U - Mf)(Zf) - Z P o) 

where M, is the marketing margin for fertilizer. 
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forc they suggested that in case of producers' uncertainty, government
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Pakistan," pqers Proceed ings--Aperican Economic Assoc tion 76, May,
 

pp. 580-91.
 

The purpo-;e of thi s paper is to examinc thle direction and magnitude 

of farmer rcsponses to pri cei in a low incomr.e economliy. Thu discussion 

here is in the context of West Pakistan . 'in main conc.usions arrived at 

are that even in a low income rg.., ion huch aA Vest Pakistan, there may be 

significant avcr,a rpv;olSp to chianged rel ative prices. There is a 

lilited price r..5pspo .s in t be "!liocation nI FacLors (i.e. yVield)of nland 

Lecause changes in rainfill, irrigation water "vai abiA icty and other 

,.ographic factors stil.1 are the major determinant:; of changes i v ield. 



239
 

The author also suggested that it is possible to shift the composition 

of agricultural output bv changing the relative prices within agriculture. 

If there i s a t horoughgoing reform in the services and facilities made 

available to farmers, there will be response to economic incentives such 

as higher price policies. It was also observed that uncertaintv is a 

major factor in farm planning and it is likely that price responses would 

be higher if Farmers were assured of guaranteed prices. 

Harris, Duane G. (1977)
 

Inflation-Indexed Price Supports and Land Values," American Journal of
 

Ar icuLtur-il .LEenmics 59(3), pp. 409-'95.
 

Harris de-.uned a theoretical model of land value determination as 

a f nnctC ion Of cost- indexed support pcicr s. The analysi.s iL wirhin the 

framwor' pr cc mincertain wor 1d, where, pol icy makers are allowed to 

control tUe p1rce0tag of non.1amd operating cost and the percentage of land 

coss ,;L ered Iv a suw)port price. The support-price mechankiml is genera. 

I[zO tie .,-,'Th,,(date ithcr a target price or loan rate pr ,ram. !Parris 

conelud at the particular s;cheme used to imp].emeat. a gelera1 cost

indexed support -pri-ce policy [,S crucil t oa the result[n}; impact on future 

l.and walues. it alSo will have an impact en the sa ci a I co:;t of the Farm 

progrm ftar vars In whi-ch actual commod i. v price falls below th(. support 

price. rml].ment;tio of a 1oe tilia t guaran teed a rate on .1and -reater 

than thunrkt capit al iz:at ion rate could have substantial impact on land 

values before the pol.icy authoritiLes can make the necessary adjustments. 
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Hushak, Leroy J. (1971)
 

"A Welfare Analysis of the Corn Diversion Program, 1961 to 1966," 

American Journal of Agricultural Economics 51(2), May, pp. 173-81. 

Welfare effects of the voluntary corn diversion program are analyzed 

in this paper. Under this program, the government buys or sell s enough 

corn to maintain the price and also make direct payments to producers for 

taking land out of production. Hlushak developed a three sector (corn, 

other crops, and the rest of the economy) supply-demand model which in

corporates substitution in production and consumption hetween corn and 

other crops. This analysis is within the VolUn arv corn diversion pro

gram in 1961 to 1966 peric ;I. Fr .umarket equilibrium is also estimated. 

The net welfare costs and inceme trans fers are computed from the two 

equilibrium points. The analysis shows that the net wel fare coszs are 

small. The major effect of the program was on the transfer of incme from 

consumers to producers. 

Johnson, Paul R. (1965) 

"The Social Cost of the Tobacco Program," Journal of Farm Economics, 

Vol. 47, May, 242-55. 

surplus woa used illMarshaliian devices of consumer and producer 

this article for tie calculation of the social gains and o,sses from the 

tui U.S.A. and its long run implicat ions W.Ltlhin thetobacco program in 

stronig monopoly posicontext of wel fare theory. The U.S. has been in a 

tion in world trade. This advantage allowed the Ir.S. govtrnment to affect 

the traditional welfare los ses associated with price support po'rm,-; in
 

tobacco. The mainly r:u.ns tiiat evcr
author v eV,'II ogih the Ko i al ',,;t of 

a
tihe tobacco plrogram his beeu rel atively small , lit .1long ni iImp it [tils 

arc that transfIerr.iniig income ro tobacco prtoducers w,'i II become more Costly 
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in terms of lost producer and consumer surplus. The conclusion arrived at 

from the Marshallian analysis, however, showed that in the decade of the 

50's the social cost of operatLng the tobacco program was quite small. 

Thus the transfer of income to tobacco producers was net as costly as it 

might have been. 

Lele, Uma (1976)
 

"Considerations Related to Optimum Pricing and Marketing Strategies in 
Rural Ievelopmunt," a paper prepared for presentati on at the XVI Inter
natjonah (onference of Agricultural Economists, Nairobi, Kenya, July 26-
Au gust 45, .1'976. 

The autnhor advocates the use of price and sunply stabilization programs 

Involving the fixation of maximum and minimum Priccs and buffer stocks. 

The factors that need to be considered in the fixation of maximum and minimum 

prices are discussed. 

Due to the sensitive political conditions of the urban centers, govern

ments commit themselves to control.ling the level of prices and ensuring 

adequatv f w. :-upp.1i vs to urban centers. This can be accomplish ed by: 

a) fixing: prkes ranging from the farm gate to the consumer; b) using imports 

to stabiliz domt. i pricecs and suppli.es: c) retail distribution (it has 

been confined t" ,rban centers). 

The effects of urban-oriented pricing and marketing strategies is 

discussed . Accord ing to thn ,author, government intervention has been 

destabilL'ing rather than stabilizing. 

Finally, another objective of pricing policy followed by government i.s 

to assuire a m i imum return to resource use. 

Price stab ilizaticjn Is discussed as well as the cons iderations that 

have to be exa.:ne d. These are: costs of holdiny buffer stocks vis-a-vis 

http:suppli.es
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alternative uses of government resources; the effect of price stability on
 

production incentives; and the incidence of taxation and/or subsidy by
 

sectors and classes.
 

Ryan, M. E. and M. E. Abel. (1972)
 

"Corn Acreage Response and the Set-Aside Program," Agricultural Economics
 

Research 24(4), October, pp. 102-12.
 

This paper adapts and modifies a model previously developed for the 

price support programsempirical. evaluation of the impact of commodity 

analyze the effects of the seton corn acreage. The model is used to 

aside program on corn plantings. The main objective of this research has 

for policy advisers to use for estimatingbeen to develop reliable tools 

the aggregate acreage consequence of changes in government commod:itv pro

has been devoted to empiricalgramun provisions. The emphasis of this work 

of policy variables on acreagemeasurement and analysis of the effccts 

by plantingplanted. These policy variables are the support price weighteci 

and the payments for diverting land from corn production.restrictions, 

The corn acreae ptlanted in the U.S. is exprc-.L;sd a aafunctiin of [lic 

policy variables and thu supply dete rmi.ncint.s and randomabove meolt ioned 

factors. Through the calculation of these poi icy variablef , the authors 

finally predicted thc! rise of corn (in acres) planted for 1.972, to refect 

the set-aside provisions as offered in 1972 corn programs )y tle U.S. govern

ment. 

Vogelsang, I).L. and J. 0. Dunbar (1963)
 

"A Method for Analyzing the Effects of Voluntary Land-Retirement Programs,"
 

,Journa.iof Farm Economics 45, November, pp. 789-98.
 

This paper out line; aI graphic model. which ha-is ben used to inalyze 



243
 

the effects of voluntary land-retirement programs. Under these programs 

the government wou d offer paymentFr to farmers in amounts that at lenst 

are equAn!. to the neut v;i!L,. D roduct from the crops that ot ,, rwis would 

be grown, such that ;iven a sufficient incentive payment farmers would 

then ret-i-re land from production (-in a voluntary the objectivei. 

of these prorams is to raise prices of agricultural products so that the 

farmer's income will increase. 
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CHAPTER 4
 

ANALYSIS OF INTERNATIONAL
 

TRADE POLICIES
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Introduction
 

This chapter on the analysis of international trade policies covers
 

trade policies, effective protection
three topics: welfare costs of 


rates, and devaluation. A common framework based on a static partial
 

equilibrium analyiis is used to provide a homogeneous discussion of the
 

the
 
topics. Where possible, graphs and simple algebraic formulas are 


For each topic, concepts within the established
 basis of the presentation. 


framework are presented first and then expanded with numerical examples.
 

trade policies are also reviewed.
Empirical studies of 


The first topic, the welfare cost of trade policies, deals with six
 

the quantity of imports

specific policies affecting either the price or 


to identify geometric areas that
 or exports. Graphical analysis is used 


represent social welfare costs, which are then quantified 
with simple
 

Empirical studies are discussed for agricultural and 
industrial
 

formulas. 


products.
 

The second topic covered, the ustimation of effective protection rates,
 

deals with computing the percentage excess of domestic 
value added, obtain

able through the protection of an output and its inputs, over world 
market
 

concept of nominal protection rates,
prices. Starting with the nitia] 

complexity is added when non-traded goods and over-valuation 
of 
the ex

change rate are incluided in the analysis.
 

third topic, the effects of devaluation, deals; with the short-run
 This 


the trade balance (the difference between
 impact of a devaluation on 


is dis-
Thu-wel1-known Marshall-,rner condition 
imports and exports). 


cussed and the empirical estimates of the elasticities fOr Latin America,
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required for the fulfillment oi this condition, are presented. The 

different approaches to devaluation analysis and recent resuits of 

empirical studies on devaluation are also discussed. 
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The 	Welfare Cos's of Trade Policies
 

Six trade policies, three affecting imports (tariffs, import
 

subsidies, and import quotas), and three affecting exports (export
 

taxes, subsidies, and quotas), are discussed in this section. Their
 

impact on the economy is measured following the traditional treatment of
 

social welfare costs in economic theory, which implies the use of
 

concepts of consumers' and producers' surpluses. Although the theoretical
 

issue of the economic surplus approach is far from settled, the analysis
 

proceeds within the traditional partial equilibrium framework of welfare
 

costs that measure changes in consumers' and producers' surpluses.
 

The 	Partial Equilibrium Framework of Analysis
 

For each poLic a price-quantity graph based on linear demand and
 

supply curves is presented, and five types of effects (production, con

sumption, trade, revenue or expense, and redistribution) are indicated
 

for each policy. Non-linearity can be introduced in the analysis without
 

changing the qualitative directions of the effects although the absolute
 

magnitudes would change.
 

The specific assumptions for the static pattial equilibrium frame

work, extending those made by Corden (1971), 
are:
 

re1) 	Pure competition, where domestic production has constant 


turns to scale and is vertically integrated.
 

2) 	An importable g)od is homogeneous and a perfect substitute 

of it is produced domestically. An exportable good is also 

homogeneous and i s accepted in its respective domest:ic and 

international markets. 
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3) 	 The elasticity of foreign sipply of all imports and of foreign 

demand for all exports is infinite. The nation under considera

tion plays a reduced role in internation:.l trade of the goods 

affected by the trade policies. (This is the so-called small 

country assumption).
 

4) 	 When quantifying the welfare cost, each mo~wKary unit (dollar, 

peso, etc.) has the same weight for any of the five types of 

effects considered.
 

5) The pri ctsof imports are c.i.f. (cost, insurance, freight) and 

the Pricv-.s of exports are f.o.b. (free on board). 

6) The exchange rate is not changed when any of the trade policies 

is applied. 

Import Trade Policies 

The first two trade policies affecting imports (tariffs and subsidies) 

are price policies while the third, import quotas, is a quantitative 

policy. Tariff ,nd subsidy policies affect the price of the importable 

directly, whMI the quota affects its quantity directly and its price 

indi rect lv. 

.) Tariffs 

Based on Corden's (1971) discussion, Figure 6-1 shows the effects of 

placing a tariff (import tax) on an importable good. Imposing the tariff 

rate ST/OS increases thu price of the Jmport by ST (from OS to OT) which 

then causes its quantity demanded or consumption (curve DD') to fall by 

BB' (frem OB to OW,') and its domestic prodct io (curve H!H') to ri. ; by 

AA' (from OA to OA'). Given the higher price ;nd the increased domestic 

AH to A'B').production, Mraorts decr''::-;c by ' plus AA' (from 
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Price ! 

D
 

III' = deadweight lose 

T
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J ,, 
_, 
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0 A A' B' B Quantity of importable
good
 

Figure 4-i: Tariff (import tax) 

SS' = foreign supply curve of imports. 
1rH' = supply curve of domestic production. 
DI)' = domestic demand curve for importable good. 
nS = unit: price undor free-trade. 
OA = production level under frre-trade. 
OB = consumption level under free-trade. 
AE = imports under free-trade. 
A.JKB = value of imports under free trade. 
ST/OS = tariff rate (import tax). 
OT : unit price afoter imposing the tariff. 
OW prduc itcn level after impos ing the tariff. 
O' = consumption level after impnsing the tariff. 
A'B' imports after imposing thy tariff. 
A'FGB' = value of im;)ort. after imposing the tariff. 
FLMfG = ,,ov,rrnmenL (, Ln's rovenue. 
JFL + CAK = deadweight loss.
 



250
 

These changes in price and quantities generate changes in consumers' 

and producers' surpluses. Consumers' surplus decreases by STIMK (from 

SDK to TDM) while producers' surplus increases by STL (from HSJ to 

HTL). Thu difference between these ,anges is partialv a revenue to 

the government (FIM]) plus the residual triangle a.reas JLF and GMK that 

do not benefit any participant. The sum of these two areas is known as 

the deadweight loss, which is an estimate of the welfare loss due to tte 

[m1sitlon of the tariff and is measured as the difference between the 

increase in producers' surplus and the decrease in consumers' surplus 

plus government revenue. The triangle JLF reresents the incremental 

cost of producing domestically the importable good which falls on 

consumers. The fifth type of effect, called redistributional by Corden 

(1.971), shows that consumers are paying producers STNJ more for the 

original quantity OA thatn before the tariff 

At the end, imposi ng a tarif. implies that consumers subsidize 

producer, and governme:t by paying domestically higher than free

trade prices "r an importable good. if a tariff already exists, its 

removal will benei. fit consumers who would then pay a lower price and con

sume more. unit:; al tie effects of the imposed tariff wouId he reversed 

dtrec ti onal I , and th.r: would be an efiici ncv ga in. 

2) Obs idv 

iigure. 4-2 depicts the effects of imposing an import subsidy on an 

importable good. A subsidy of ST per unit wou.ld imply a decrease in 

the price that consumers would pay from OSto (wOT.This decrease in 

price will. cause production (curve HiII') to fall by AA (from OA LiO OA') 

and consumption (curve DD') to rise by BB' (fronm )B to OB'). lower 
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D H1
 

N 

T T1
 

0 A' A I '' 

Quantity o' 
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Figure 4-2: import Subsidy 

SS' = foreign supply curve of imports. 
1IM' = supply curve of domestic production. 
DW' = domestic demand curve for imnportable good. 
OS = unit price under free-trade. 

=
().A production level under free-trade.
 
03 = consumption level under free-trade.
 
., imports under i ree-tradc,
 
AL>B = valuc t, f imports under free-trade.
 
ST/Os = irmporL subsidy.
 
OT = uniL !;r c, :1fter imposin.; tih subsidy.
 
OA' = prioucLi, mn level a fter imposing the subsidy.
 
(3' = consi:,ptin leve! after imposing the subsidy.
 
A'13' import,; :t Lcr inposin,, time Subsidy.
 
A'NVB' = vWiI I , ,0 i':port.s after impos;Ing the subsidy.
 
,JNVK = subsidy expense I or thu :;ov nm t
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production and higher consumption would require a higher level of
 

imports of A'B' (from AB, increasing by AA' plus BB') to cover the gap 

created by the subsidized price.
 

Government e:x:pense for the subsidy paid to the importers is JNVK.
 

There is no welfare cost in this situation since the subsidy as well
 

as the surpluses ,o to someone. The increase in consumers' surplus is
 

TSMK (from SDM to TDK), composed of the loss in producers' surplus of
 

TSLJ (from ISL to Ta) and the subsidy. Finally, the redistributional
 

effect from producers to consumers is TSNJ.
 

An import poic codbe1(1 lieud in the( case of an importablesusid y)0 1 

gcod for which an amount required for the population cannot be provided
 

entirely by domestic production. For example, if a government has the 

;oal of in reas ng the consumption of wheat at a low price and the 

domusti-c pruduction industry cannot deliver more wheat at thi low price, 

then increased wheat consumption at lower than domestic prices will
 

require an import subsidv.
 

3) (~ i 

The uF fect- of imposing an import quota on an importable good are 

shown in .' i;uru 4-3, ,hich is based on Kindleherger (1978). With a fixed 

quantitv to he imported consume rs face a supply,' curve (QQ') ecual to the 

(.0eti:;tc :r oduct ion supply curve plus the fixed quota, for any price 

above OS (fvc -tLcde price). Domest production (curve H11') then rises 

by AA' (A=', from OA to ()A') and :since the quota was fixed at a 

qantfitv mmillcr than the o'ri, .al levl of imports, consumpt.ion (curve DI)') 

Lalls by BE' (from %lB to OB'). With impl-t; fi:-:d at AC=A'B' (from AB, 

decreasing by A.\' B%'), consumersNplus the domestic price Paid by rises by
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Figure 4-3: Import Quota
 

SS' = foreign supply curve of imports.
 
jill = supply curve of domestic production under free-trade. 

OQ' = supply curve of domestic production after imposing the quota.
 

DD' = domestic demand curve for importable good.
 

OS = unit price under free-trade.
 

OA = production level under free-trade.
 
01 = consumption level under free-trade. 
AB = import:s under free-trade.
 
AJKB = value of imports under free-trade. 

AC = A'B' - import quota 
OP = unit price after imposing the quota.
 

OA' = production level after imposing the quota.
 

OB' = conSuIvptiOn level after imposing the quota.
 

A'FGB' = vaiuC of imports after imposing the quota. 

FLMG = profits to license holders. 

JLF + (MK = deadweight loss. 
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SP (from OS to OP) to cover the decrease in the total quantity available 

(domestic production plus imports) of the importable good.
 

Imposing a quota requires the creation of licenses to be distributed 

among importers and which could be auctioned among importers. The 

difference between the free-trade price and the domestic price for the 

quantity allowed to be imported (JCMQ = FLMG) is the revenue to license 

holders, wh ich could be revenue to the government if these licenses are 

auctioned out or to importers if such licenses are distributed without 

charge. There is also a redistributional effect from consume-s to producers 

of SPNJ because consumers pay a higher price for the OA free-trade level 

of domestic production (OA) when the quota is imposed. 

A deadweight loss i,- generated measured by triangles JLF and GMK, 

which reflects the excess in the decrease in consumers' surplus (SPMK, 

fronm SIDK to PDN) not offset by the increase in producers' surplus of SPLJ 

(from TSSJ to IhI'L) and the revenue to license holders of FLMG (,JLMQ). In

decd, under perfect competition in domestic production, importing, and ex

porting, fur ,;c.h tariff thcre is a quota with identical effects,and vice 

versa. Tile diffurence between these two policies reflects the dis tribution 

of the gai 111s osses when osi the barrier.o;.d created i-m g t;, 

Export Trade Policies 

Taxes, subsidlies, and quotas are the three policies affecting exports 

that wil.l be analyzed. The first two are price policie, lle the tird 

is quanitivttiye policy. The analysis wi.ll be very similar to import 

policies, the main difference being til: change iln the direct ion of tie 

effects.
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1) Taxes
 

In Figure 4-4, the effects of an export tax are shown, based on
 

Imposing the tax rate of ET/OT discourages production
Kindleberger (1976). 


a larger proportion of
 for export and leads producers to prefer to keep 

Domestic production (curve HH')thcir output in the domestic market. 


increases
(from OA to DA') while consumption (curve DD')
decreases by AA' 


by BB' (from OB to OB'). Exports decrease, due to their lower price, to
 

B'A' (from AB, decreasing by AA' plus BB').
 

There
revenue from the export tax.
The government collects LFGM as 


to consumers of TEJN
 also is a redistribution effect from producers 


because the producers are delivering the original quantity 
sold domestically
 

tax is imposed. The triangles LJF and MGK 
(OB) at a lower price after the 


loss incurred. Producers' surplus decreases
 
represent the deadweight 

by TEKV (from liiEK to 1IIM) while consumers' surplus increases only by TEJL 

residual being
to DTL) and the governmentis revenue is LFGM, the

(from I)EJ 

the welfaru cost of imposing the export tax. 

2) Subsidies 

export subsidy on an exportable good is
The effects of imposing an 

export subsidy of 
shown in 1'igure 4-5, following Corden (1q71). The 


to the internationa1 market
 
ET/GE increases tuhe profitability of shipping 

by ET than the priceof OT which is higher
since producers rL'ceiV a price 


The hig. er price rcceived
without the subsidy.they originally received 


a though the
 
encourages an increase Ln production of ,\ ' (from OA 	 to (A') 


OB LC )B'). !:xports

level of domestic consumption decreases by 13B' (from 


plus BB').
AB, increasing by AA'increase to A'B' (from 
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Figure 4-4: Export Tax 

EE' = foreign demand curve for exports. 
P11' = supply curve of domestic production. 
DD' = domestic demand curve for exportable good. 
)W = nnit price unider free-trade. 

(\ = producti.on lvel ,under free-trade.
 
OB = consumption level under free-trade.
 
BA = exports under free-trade.
 
BJKA value of exportq under free-trade.
 
ET/O1T e-- tax:..xpor~t 


M= unit ,rice .ir imposing the tax. 
OA' - prod, tin level after impo:sing the tax. 
UB' = consuLio evel after imposing the tax. 
B'A' exports .- r Wmpos ing the tax. 
, FGA' - ,,lu of . ,m; after imposing the tax. 

IY'MC = government revenue. 
JFI + >(GK = deadweight loss. 

http:producti.on
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Figure 4-5: Export Subsidy 

EE' = foreign demand curve for exports.
 
HI' = supply curve of domestic production.
 
DD' = domestic demand curve for exportable goods.
 
OE = Unit price under free-trade.
 
OA = production level under free-trade.
 
A = Consumption level1 under fre-trade.
 
3A = exports under iree-trade.
 

FA value of -:ports under free-Lrade 
E /OE :0 .: ' >ub.idy. 
OT = unic "c, after !Mposin' LO. subsidy. 
OA' prohcuiaC ,n level afL r iposing the Fubsidy. 
OB' cont'mption Lve] after imposing the subsidy. 
B'A' =expors ,u rn:o subsidy.W the 
BI'NVA' = vilue o! .: rt :flter ;:posing the ,subsidy. 
JNVK = subsidy e:x:pense for the government. 



258
 

The government's expense in paying the subsidy is JNVK. In this
 

situation, as was the case for the imporL subsidy, there is no welfare 

cost in the sense of a deadweight loss because the changes in the 

economic surpluses as well as the subsidy are all received by someone. 

Producers' surplus increases by ETVG (from TIEG to IITV) which is obtained 

from the decrease in consumers' surplus of ETNF (from EDF to TDN) and 

the subsidy paid by the government. Although only FNVG would had been 

necessary to obtain the increase in production, JNF plus GVK are extra 

payments that are made due to the per-unit uniformity of the suasidy, 

which is ET for each unit exported. Finally, there is a redistributional
 

effect from consumers to producers; after the -mposition of the subsidy 

co.sumers pay ETNJ more than originally for the same OB' units of the 

exportable good.
 

3) Qotas 

The effects of export quotas are shown in Figure 4-6. Limiting the 

quantity of exports to BC B'A' (from AB, decreasing by AA' plus BB'), 

producers face a demand curve (QQ') equal to the domestic demand curve 

(DDW) plus the !ixed quota (JQ = BC = B'A') foi any price below the ED 

frae-trade pric., D)omestic production fall s by AA ' (from OA to OA') while 

consumption increases by BB' (from OB to OB'). Since there is more quantity 

of the exportable good available for domestic consumption, its price 

decreases by EP (from OE to OP). 

As in the case of import quotas, licenses to export need to be issued, 

either auctioned by the government or distributed without charge among 

exporters, creating a value of LF(M. Finally, there is a redistributional 

efWect from producers to consumers of PO2N since producers deliver the 
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Figure 4-6: Export Quota 

= 
EE' foreign demand curve for exports.
 
HH' = supply curve of domestic production. 
DD'= domestic demand curve for exportable good under free-trade.
 

QQ'= domestic demand curve for exportable good after imposing the quota.
 

OE = unit price under free-trade.
 

OA = production level under free-trade.
 
OB = consumption level under free-trade.
 
BA exports under free-trade.
 
BJKA = value of exports under free-trade.
 
BC = BA' = export quota.
 
OP = unit price after imposing the quota.
 

OA' = production I.vel after imposing the quota.
 
OB' = connumption level after imposing the quota.
 
B'A' = ex:.ports after imposing tie quota. 

B'FGA' = value of cxports after imposing the quota. 

LFGM = profits to license holders. 
LJF + MGK = deadweight loss. 
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quantity OB after the quota is imposed at a lower than free trade price
 

(OP).
 

A deadweight loss represented by triangles OF and MGK is generated 

by the export quota because the loss in producers' surplus of PEKM (from 

HEK to 11PM) is not offset by gains to consumers of PEJL (from EDJ to PDL) 

and by the holders of export licenses of LFGM ( LJQM) which leaves the 

residual triangles as a net social loss. 

Summary of Effects of Trade Policies 

The effects can be summarized in a table format. Table 4-1 lists 

seven types of effects for each trade policy. Changes in domestic prices 

production, and consumption are measured along given supply-demand relation

ships. The trade effect refers to the change in the quantity either imported 

or exported. The government revenue effect refers either to the state's 

revenue from, or the state's cost for, imposing the policy; in the case of
 

the quantitative ol icies (quotas) this effect is zero. The redistributional 

effect is a tr;c,',.nfer from consumers to produce rs , or vice versa, according 

to the change in domestic price before and after imposing a policy in relation 

to a given quantityipurchased of the importable or exportable good. Finally, 

deadweight losses exist in the case of price policies and export quotas. 

.vLuwalencc of Trade Policies 

In Table 1, several policies are seen to have directionally identical 

effects which leads to the issue of the equivalence of d.: ferent trade 

pvtlicie;. Takacs (1978) examined the equivalence of export quotas, tariffs, 

and import quotas under different institutiona Inc t t ings. 



Table 4-1: Sutmmary of Effects of Trade Policies 

I icV E F F F C T S 

Domes tic 

Domestic Price Production Consumption Tr,'de (overncen t Redistrib.t ion ..... i,.Tt,L.ss 

F:1Hr' 	FF , revenue C PYS o~ 

I!,- L, d, expenfse ? C N0 

fl~L' '0 c->P Ycs 

I,,[! .- 4, revnle P - | Yes 

S IIus 	 id(IV Lpenlse P Noex 	 C > 


1:ota 	 0 P--> C Yes 

Symbols: increasei= 	 = decrease C = consumers P = producers 

Note: 	 The effects shown are for imposing a trade policy, all of which are directionally reversed and losses
 
are gains when these policies are removed.
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In Table 4-2, four institutional settings are compared. First, 

pure competition in the domestic production, ;mporting and exporting 

markets is considered. Subsequent cases assume monopoly in one of the 

indivi-ual! markets. In the cases of puru competition in all markets and 

monopoly in the importing market, tariffs and import quotas are equivalent 

with respect to their effects on domestic prices, import prices, and 

price discrepancies. 

Takacs' own contribution to the equivalence issue was to show that 

under pure competition in all markets or with monopoly in domestic pro

duction, export quotas results in higher import prices than tariffs or 

import quotas. This indicates that a nation that acts to reduce imports 

by negotiating export quotas with its trade partners would be better off
 

by utilizing tariffs or import quotas instead. 

(Other Trade Po,1;es 

Although the previous section covered policies both for imports and
 

exports , economic iterature has given more emphasis to discussion of trade 

policies affecting imports. This bias in the case of Latin American countries 

is illustrated i a the work of Prebisch (1959) and the United Nations Economic 

Comm sion for Latin America. Prubisch considered industrialization as the 

way to cfInqiuer unmdutrdeve lopment, aid speci f icai 2V promoted import sub

stitution (IS) as tho :ea: s to achi eve industrialization. In contrast, all 

export promotion (iP) stra tegy had been a more recent addition to strategies! 

recommended for developui ng countries. 

Thu N;ational Bureau of Economic Research (NBER), in a project directed 

by Bhagwati and Krueger (1973), recently sponsored an ambition study of 
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Table 4-2: Equivalence Between Tariffs and Import Quotas
 

Institutional Setting, Equivalence With Respect To:
 
Monopoly in: Domestic Price Import Price Price Discrepancy
 

None Yes Yes Yes
 

Domestic 
Production No Yes No 

Importing Ys Yes Yes 

Exporting Yes No No 

Definit ions:
 

Domestic Price: price of the importable good in the importing nation.
 

Import Price: price of the importable good paid by the importing nation. 

Price-Discrepancy: difference between domestic price and import price. 

Source: Takacs (1978). 
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tryde policies. Ten country studies were initially planned, of which nine 

have been published. The overall conclusions of the NBER project were 

reported by Bhlmwati (1978) which he summarized as having "managed to provide 

fairly persuasive support to the proponents of the EP strategy." 

The NBER prcject provides ample empirical evidence to support EP. An 

earlier project of the organization for Economic Co-Operation and Develop

ment (OECD) directed by Little, Scitovsky and Scott (1970), corroborates 

the NBER results in favor of EP policies. Thus, the issv., of fostering 

economic growth and development, identified empirically w:ith industrialization 

(the creation of value added) by means of the contrasting policies of IS 

and EP has been, ac,'ording to these studies, relatively settled in favor 

of the EP strategy.
 

Tie NBER study defined an IS strategy as one where the effect of the 

fore ign trade regime is make the ratio of effective exchange rate of exports 

respect to the effective exchange rate of imports less than one, as compared 

to the free-trade situation where this ratio is equal to one. It defines 

an EP s trategy ab one where, in contrast with the IS strategy, the rate of 

effective exchangc rates is restored to unity. This IS concept a.; defined 

(1 .if furs from tie moret conventional definition of IS is an increase in the 

proportion of an importable good that is supplied by domestic producers. 

Based on the individual country studies of the NBER, Bhagwati (1978) 

presented a taxonom: of trade pol icies used in attempts to control imports 

and exports on current account. Quantitative policies affecting imports 

b\ lmen(lS of the allocation of importing ]icensuq were clasif itd in four 

tvpe: 1) thL regulation of imports according to their source, (h.e to aid

t,ping , bilateral trade agrvemun ts, preferential trNd agreements (e. ., the 



LOD 

Andean Common Market), or the non-convertibility of currencies; 2) import 

regulation by commodity composition (itemwise specification) due again to 

aid-typing as well as to priority decisions (discouraging non-essential 

imports) and other reasons including the banning of "bad" goods such as 

heroin and reducing the probability of illegal capital flows, such as 

occurred in Colombia through the over-invoicing of used machinery; 3) the 

type and use of the importable good, including capital, intermediate, and 

consumer goods; and 4) payment conditions due to remittance tying, barter, 

and foreign credits.
 

Price and quantitative policies affecting imports were considered
 

jointly in the countries studied in the NBER project. The price policies
 

(predominantly used in Latin America to tax imports) included tariffs,
 

"1prior" (advance) deposits, sales taxes on importable goods, multiple 

xchange rates, and exchange auctions. The objectives of these policies 

included the use of tariffs to mop up extra profits on the import licenses, 

to generate fi-cal revenues, to protect domestic industries, and to improve 

the balance of payments deficit. 

With respect to trade policies affecting exports, tLhese were found 

to be -Iuchi simpler and appl. Led only sporadli.callly as compared to policies 

affecting imports. Among the (;uan titative poiicies afelLg, eCpoIrts, 

common.the surrender of receipts to the exchange authority was the most 

Only occasioiiallv were exports regula ted according to their destina Cion 

or by their composition. Price policies affecting exports were divided 

into direct (cash) &:uhSidje, and tax-c1 d indirdctI.,Cdv ss and ta ,,;chIeLs. 

'IThe i-ndirect schemes received more ernphasis ih;lan th diru(.t onc, , ma in.! v 

subs idizing those who success fully e;x.ported by channel ing the extra profits 
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created by the policies to them. Rebates, drawbacks, and also marketing
 

and credit advantages were found in the NBER project to be widely used
 

schemes.
 

Although the list of trade policies used by the countries included 

in the NEER project was long, the most important are among the six 

policies analyzed earlier. Import quotas, allocated through fairly complex 

licensing schemes, is the most widely used quantitative trade policy. The 

main issue here lies in the distribution of the revenue gain generated by 

imposting a quota (represented by area FLMG in Figure 4-3). The problem 

rises as to how to make sure that these gains go to the intended recipients 

when the quota is applied. Tariffs are the main price policy affecting 

imports while indirect subsidy schemes are most often used for exports. 

Indirect subsidies are usually coordinated with import licenses. Export 

price policies an well as direct taxes and subsidies are used in reduced 

scale and export quotas were found to be used only occasionally. 

Van do Wetering (1980) used a general equilibrium framework for 

modeLing the interaction of commodity and factor markets ir order to 

evaluate the incidec e of an export tax in terms of predicted changes in 

factor empioymnents, factor prices', production, commodity prices, factor 

incomes, commodity earnings, and tax revenue. A six equation model with a 

numburical example was presented but no specific empirical application 

was given. Elasticity values are crucial in this type of model. With 

minor variations in the equations, a variety of policies could be analyzed 

and their incidence measured. 

The interaction of different trade policies implemented simultaneously 

in a nation is very compl.e: and also surpasses the analytical capability of 
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a static partial equilibrium framework. No general conclusions can be
 

given, leading instead to the need for specific case studies.
 

Formulas for Estimation of Welfare Effects
 

Earlier, the welfare cost of imposing a trade policy was represented
 

by the deadweight loss (when imposing the policy) or gain (when removing
 

the policy). In their present section some simple formulas to calculate
 

the value of such deadweight losses are given for the tariff case. Table
 

4-3 suimnarizes the deadweight losses for each of four policies in which
 

the' occur, a set loss in either consumers' or producers' surplus that
 

is offset by gain to other participants.
 

The formulas and terminology presented here were taken from Dardis
 

and Learn (1967). The deadweight area under the domestic supply curve
 

(empirically a function of the price of the importable or exportable
 

good according to the case) is called the production cost while the
 

deadweight area under the compensated demand curve (empirically a function
 

of the respective price of the importable or exportable good and personal
 

income) is called the consumption cost.
 

The formula to calculate the Droduction cost is:
 

s
 
(1) PC= 1/2 t2 0 V


where (for the tariff of Figure 4-1):
 

=
PC production cost (LF)
 

t = percentage tariff rate ST/OS
 

q = elasticity of the supply curve (HI') of domestic production
 

V = value of domestic production under the tariff (OTLA')
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Table 4-3: Welfare Costs of Trade Policies
 

Trade Deadweight Loss Area 
Poicv Production Cost Consumption Cost 

Tariff 
F 1igur1). JLF GMK 

Quo t a 

(Fi ,o re 3) JLF CMK 

(Figure 4) LJF MGK 

R 
()uo ta 

(1igure 6) LJF -GK 

Source: Figures 4-1, 4-3, 4-4, and 4-6 
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The formula to calculate the consumption cost is:
 

2 Vd 
-)
(6- y 


CC = 1/2 t
(2) 


where (for the tariff of Figure 4-1):
 

=
CC consumption cost (GCM)
 

vd= value of consumption under the tariff (OTMB')
 

= elasticity of the domestic demand curve (DD')
 

y = income elasticity
 

Y = personal income
 

Adding PC and CC gives us the welfare cost of imposing the trade
 

policy:
 

Vs t2 Vd vd
 
(3) WC PC + CC= 1/2 t2 


where (for the tariff of Figure 4-1):
 

WC = welfare cost (JLF + GMK) = deadweight loss
 

Empirical Studies
 

In this final. section two specific examples of calculations of the
 

welfare cost of imposing a tariff on agricultural goods in several European
 

countries and the U.S. are reviewed.
 

Trade policies have also been studied in the context of industriali

zation and development by OECI) and World Bank projects. These empirical 

studies as well as the must recent one sponsored by the NBER will also 

be discussed in this section. 

1.)Tariffs on Agricultural Products 

Dardis and Learn (1967) calculated the welfare cost of a tariff 
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equivalent (various trade restrictions are lumped together and expressed
 

in terms of a percentage tariff) imposed on wheat imports of six European 

countries and the U.S. in 1960. These authors used the respective 

ordinary uncompensated demand curve for wheat because wheat when used as 

food is only a small fraction of total expe.ditures. For this reason the 

income term of formula (3) is dropped leading to the following formula, 

used to estimate the welfare cost: 

2 Vd)
(4) WC = 1/2 t (q Vs + C 

To obtain the percentage tariff equivalent (t), the difference 

between the domestic producers' price (P) and the trade price (T) was 

taken and then divided by the domestic producers' price. A crucial 

assump:t ,on mlde by the authors in their calculations is that the elasticities 

of the demand curve (n) and supply curve (n) are equal to .5. This 

assumption siMplifies formula (4) even more to: 

s d = 2 d
(5) WC- 1/2 t" ( .5)(V + V) .25 t + V)
 

Table 4-4 was conatructed based on the results Dardis and Learn 

published. Domestic production and consumption were valued at export 

prices. Using the figures of this table and formula (5), the welfare 

cut; t. in 1960 of the t:ariff equivalent in Denmark was: 

=
Wc ( . 25) ( .22) 2 (52.5) = $U.S. 600,000. 

Dardis (0967a) also calculated the welfare cost of the tariff 

vstem applied to grains (sunmation of wheat, %:i rley, and oats) in the 

United Kingdom for 1959-60. The Br itish system of dficienCV payments 



Tlable 4-4: .elfare Cost of a Tariff on , 1.hc.:it.960 

(1) (2) (3) (4) (5)

Country Producer Trade Percentage Value of Velf:Ire
 

price price tariff do.:ao:;tic pr,:ducron c o s
 
P T t () 100 and consumption
 

($US 	 per ton) ($US per ton) (\= +"s&'' 

(z:) 
(~niiil . ,e1 ;) ( i I. S'S ) 

0enmark 	 72.6 56.9 22 52.5 0.6 

[crace 	 75.6 64.5 15 1,584.7 9.2 

[Laly 	 111.7 63.3 43 1,798.0 80.9 

Nti 	 erlands 80.3 56.6 30 140.7 3.2 

United Kingdom 73.6 61.8 16 	 216.0 1.4 

1-	 United States 64.3 62.1 3 3,220.0 0.5 
West Germany 99.2 59.1 I 40 	 1,112.4 44.5 

Sources: f)ariis ;nd Lek, rn (1967). 

Column (1): a) ECE/FAO, Prices of Agricultural Products, and 
b) Fertilizers in Europe 19.61/62; UN Geneva (1963) 

USDA, Agricultural Prices: 1963 Annual Suorimarv: Government Printing Off ice, Washington (1964) 

Column (2): 	 FAO, Trade Yearbook, 1963; FAO, Rome ( 1964) (1 ince some of countries import while others 
export wheat, according to the case, tile respec (tiv.e pr ce ',,'as empLved). 

Column (4): a) 	FAO, Production Yearbook, 1962; FAO, Rome (1963) 
b) FAO, Trade Yearbook, 1963; FAO, Rome (1964)
 
c) IWC, World Wheat Statistics; IWC, L.ondon (1963)
 
d) CEC, Grain Crops: 1963 ; Her Majesty's Statlonary Office, I.ondon (1963)
 
e) USDA, Agricultural Statistics 1963 ; Government Printing Office, Washington (1963)
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resulted in equality between the weliare cost and the production cost. 

Formulas (1) and (3) are equal whil, formula (2) is equal to zero in this 

specific case. Several statistical forms of nhe supply curve of domestic 

production were estimited bv Dardis which resulted in different values 

of the supply elasticity. Table 4-5 contains part of the data presented 

by her to estimate the production cost using formula (3). Multiple 

regression with seven variables explaining grain production was used to 

estimate the value of the supply curve parameter (Q1). For example, the 

production cost calculated with th? first linear equation (0) of Table 

4-6 would be: 

PC 122 v5"=1/(.2) 

PCV 1/2 ( .22)2 ( .27)(252.09) = Br. £ 1.63 million 

These two empirical examples illustrate elasticity estimates are crca] iln 

the welfare cost calculati!ons and that the welfare losses are sensitive 

to t e elasticity value. 

The inclus ion of internediate goods complicated tie analysis which 

Dardis (1967b) dAd for the feed and livestock sectors of West Germany. A 

s imilar ty pe of situation, where Entermediat:e goods are imported, arises for 

raw woo.! in the . . Dardis and Dunnison (130<,) cal l]ated welfare costs 

under different policy options and concludcd tiat dufic iencv dayments are 

the most henef ic a I as compared to d irect and compensatory Lariffs. 

The effects of alternative trade polic ies adopted by the European 

Economic Conmunitv (EEC) for winter orangr. was Ki trl ly analyzed in terms 

of spatial cquilibrium models an' welfare CrtS: by I)ean and Collins (1966, 

1967). Later, Zusman, M larled and Katz ir (1969)) uxtended and udatud tme 

initia!l work of Dean and Collins. Tnitialv , tariffs were the main trade 
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Table 4-5: Production Cost of a Tariff on Grains
 

in the United Kingdom, 1959-1960
 

Equation Form of Percentage Value of Elasticity Production 
the Supply Curve Tariff Domestic of Supply Cost 

Production PC 

t Vs TI(mill.)
 
L_ -(mi]l .)
 

linear (a) .22 252.09 .27 1.63
 

. Iinear (b) .22 252.09 .73 4.42 

log. linear (c) .22 252.09 .49 2.96 

linear (d) .25 252.49 .44 3.56 

linear (e) .25 252.49 .75 6.06 

predet. fl, t (f) .22 252.49 2. 6.05 

predet. -, t (g) .25 252 .L4918.0 

Source: Dardis ( ])7a). 
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policy applied to winter oranges and the alternatives were reference prices 

and a countervailing charge mechanism. Both studies arrive at similar 

results: the price of winter oranges would rise within the EEC block 

while government and producer gains would surpass losses to consumers 

evaluated in terms of economic surpluses. 

2) Trade Policies and Industrialization 

The World Bank, the OECD, and the NBER have each sponsored large 

scale projects to analyze trade policies in the context of industrialization 

and development. Ihew World Bank project directed by Balassa (1971) included 

country studies for Brazil, Chile, Mexico, West Malaysia, Pakistan, the 

Phil ippines and Norway. T.M.D. Little, T Scitovsky, and M.F.G. Scott 

(.1970) undertook the OECD project which published country studies for 

rail., Me:-xico, India, Pakistan, the Philippines and Taiwan. The most 

rec(:ent of the three projects, sponsored by the NBER and directed by Bhagwati 

and Krueger (1973), published individual country studies for Chile, Colombia, 

E'vypt, Ghana. India, [srael, South Korea, the Philippines, and Turkey. 

T ,, *.., ,,. :.a: sLudv W: t he most specific of tLhese three projectu and dealt 

malnly with sa:ndardized estimates of effective protection rates, which is 

the subject of the next section. Utizlzng implicit tariff estimates, 

generally the difference between foreilgn and domestic prices of importables, 

the IBRI) proje,:t concluded that the manuFacturini, ector was highly n ro

tucted re.'lative ti t he, pri.marV sect)r fn most of the countries studies. 

The OECI pr, uct was more cmrrchnsi ve and deta11ud in its country 

studies, and emp; sized the eff:i cencv losses associated with protection 

and import substitution policies. The country std.ies of the NBER project 

examined export p'r forman cea in depth, and system ticallv analyzed changes 



275
 

and the conditions determing the
in the exchange control regime over time 


outcomes of liberalization attempts, and looked more systematically at the
 

dynamic arguments relating to investment, innovation, and savings in relation
 

to the foreign trade regime.
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The Estimation of Effective Protection Rates
 

'The concept of effective protection arises when purchased produced in

puts are utilized in domes-ically produced outputs. Such inputs may be 

subject to taxes, subsidies, or quotas that will affect their prices as 

we,] as the value added at different stages of the domestic product ion process. 

Differences between domestic and world market prices are due to the protection 

structure (taxes, subsidies, quotas) in a specific country. 

When nominal protection rates are calculated for identified products, 

t:hev do not consider the effects of tariffs on the cost of inputs. The 

resource allocation cffects of a tariff structure are thus "hidden" when 

o)bserving only nominal protective rates and, as Corden (1966) states, it is 

the protective rate for each activity that is most relevant. Balassa (1971a) 

defined the rate of nominal (output or product) protection as the "percentage 

excess of the domestic price over the world market price, resul ting from 

the anplication of protective measures". He further defined the rate of 

effective (,-alu uddsd)protection as the "percentage excess of domestic 

value added, obtainable by reason of the imposition of tariffs and other 

protecLive measures on the product and its inputs, over foreign or world 

marke t prices." Consumer deci..on will be Affected by the nominal rate of 

protection while producer decisions will he affected by the effective rate 

A trot-ctLion. Cordn (1966:,) ,av. a similar definition for the concept of 

effective pr'tuectlop as "!he pere et.age increase in value added per unit 

in an economic activity wichb is made possible by the tariff st.:ucture 

relative to tie situation in the absenrce of tariff:s but with the s ae 

exchange rate". The rate of effective protection is a function not only 
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of the tariff on the output produced by the activity but also of the input
 

coefficients and the tariffs on the inputs.
 

Partial Equilibrium Estimation
 

Combining the partial equilibrium assumptions made by Balassa (1971b)
 

and Corden (1971) gives: 

1) Pure competition and constant returns to scale in production. 

2) Physical input-output coefficients same for all firms. 

3) The foreign elasticities of demand for all exports and supply of 

all 	imports are infinite (small-country assumption). 

4) 	 Trade continues after che imposition of taxes, subsidies or quotas 

so that the internal price is given by world market price plus 

protection; domestic factor prices do not change. 

5) Zero elasticity of substitution between inputs.
 

6) Transportation costs are nil.
 

Following Cordon (1972), domestic and foreign supply and demand curves
 

for an output and its only input are shown in Figure 4-7. The units are 

such that one unit of input is required to produce one unit of output, this 

relation given 1b the fixed input coefficiunts. The foreign suppIly curves 

are SS' for the output and GG' for the input (infinitely el a,;t ic). OS 

and OG are the fre trade c .i. f, import prices ofI tilC output and input 

respectively. The vatlue added to the input is GS ((,ut.put = input - value 

added = 0 C C ). The tariff rate Sit/ S i,- tile nomn ,j.prot-c ,Lion-(; 

rate on tile ontputi, whici does not accotint: for the tari-f (;) on its i nput. 

The effective protection rate on the output i (VT - (;S)/(;S, the preport ionol 

change of' value added domestically (Fr - CS or ST - CF) uider protection in 
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Q)uantities of I Iipor tab 

4oo'tdn (i nnt and output 

Figure 4-7: Ef fu: ive Proteoct ion of Imnpo rtable Goods 

SS' = Foreign supply for the output.
 
GC' = foreign supply for the input.
 
OS =freCe trade c . i.f. import price of the output.
 

OC= ru trade c.i .f. import price of the input. 
GS= ree rade val-u added. 

S; - no;na1 Protection rite (tariff) on the output. 
( / G - nwomin 1 matue tip rate (tariff) on tthe input. 
(F G1 /C - ffctive Protection rfat o' the (output. 
DD' - dowe:- up for th output.
 
EH' = doreign ,nupplv fr tie input.
 
O H frA Am sipl of tpe output under free trade.
 
O fcct ad cn.py of, the input unjer free trade. 
'B = i'-me;i: pra tmcion if the at;fut under free trade.
 
AO = e th output under trade.
om .- proution a; free 

( K rc od-uctLio n thoWe input under free trade. 
A t,' of :the Iinpit u under trad.free d 

AB ip'mtKa a onLpu under ree t rrade 
OA ii e~'(Iii t., ic( pl (of the out nt: under Pro (troll. 
Ih tot q pplyof Me INput r pot-' onunidiI n 

OB' (lomestic 'AnsumpLion of(ou.t under pr .t[ 1. 

OA' dometic prodcli Lol of tUP output under protection. 
V' do'u-t. prdurtion of the input undr :r ta,' til. 

K'A' W" '; -' " inut under pro.en f,ar. 
A':W - Y°! W [!. -u 'wn .',t nror u . . ! ! "th" qndOu-r' 
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(GS) with no protection. Had
relation to value added in the world market 


tariff on the input, the effective protection rate for the
there been no 


- GS)/GS = ST/OS, which is equal to the nominal proproduct would be (GT 


tection rate.
 

Incorporating the domestic demand for the output (DD') gives OB as
 

the free trade consumption level and the domestic supply of input (EE')
 

gives OK as the free trade domestic production level. The domestic supply
 

is the result of the vertical addition of the
curve of the output (HJ'H') 


supply curve of the input that producers face (EJG' since after OK of
 

domestic production, the input will be imported along G"') and the supply
 

curve of value added to the input (kinked at J' because the input is imported
 

Under free trade, OA units of output are produced
after that level). 


the input and AB imports of the output.
domestically requiring KA impoits of 


Consider now the situation where tariffs are imposed on both the output
 

(ST) causes a decrease in domestic consumption to
and an input. The former 


OB'. Since a tariff (;F) is also imposed on the input, domestic production
 

of the input increases to OK'. The supply curve of the output shifts (from
 

the shift of the input supply curve (from EJG'
HI'H to HL'h') due to to
 

The vertical di stancutc t.wen the
 
as a result of the tariff imposed.
ELF') 


.' is the tariff on the input (CF). The

supply curves HJ'H' and WI,'h' at 


these shifts is to increase toe domestic production of output
effects of 


to OB', and '-:.ange the imports
to OA', decrease the level, of output imports 


of the input from KA to K'A'
 

for the output is that it
The significanco'of effective protection 


affects only its level of producciop and not its consUmption nor thiu con

sumption of its input. Production of the output depends also on the
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elasticity of the value-added supply curve (HJ'H' or IL'h'). Finally,
 

under the small-country assumption, the effective protection rate for an
 

output is not influenced by protective measures (tariffs) on inputs to
 

its inputs, i.e., it is necessary to go only one stage upward or downward
 

in the input-output structure.
 

The relationships between the effective protection rate on an output,
 

its own nominal protection rate, the nominal protection rates on its inputs,
 

and the shares of the inputs in the cost of the output (OC/OS in Figure 4-7)
 

can be expresscd and generalized in algebraic form. The following formulas
 

sumnarizing these relationships were taken from Corden (1966, 1971) and 

Balassa (1971a):
 

V. - W. T. - g F.. T.
(6) = -I = 	 -1 i_1 _ i =1,2,---n 

Ejf W 1 - F..
 
u i
 

V. p - D. 
(7) 	 Ed W - 1 = jd i ID.. i 

]+T. i 1+T. 
J J 

where
 

j = output
 

i = input
 

W. = free-trade value added (at world market prices) per unit of j
 
j in activity j
 

V. = demstic value added (at domestic prices under a protection 
- structure of tariffed, subsidies and taxes) per unit of j 

J f f = free-trade effective protection rate for activity j 

I = domestic effective protection rate for activity jFd 


P = domestic nominal price of a unit of j (in domestic currency)
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= 	 (at world market prices)F.. free-trade share of i in the cost of j 
1j 

(at domestic prices under
D.. = domestic share of i in the cost of j 

'j the existing protection structure)
 

T.J = nominal protection rate on j 

T. = nominal protection rate on i
 
1 

(6) and (7) is that formula (6) uses
The difference between formulas 

the output (F.)

the free-trade valued share of the input(s) in the cost of 

while formula (7) uses the domestically valued share (1..). Looking at 

formula
Figure 4-7 again, this means that formula (6) 	 refers to O/OS and 

(7) 	 refers to OF/OT. This difference is crucial. in empirical studies since 

for LI)Cs are usually those
the physical input-out coefficients avai.lable 

The two

ex.isting under an already implementated protection structure. 

only. under the ,;trong assumption of
formulas would g;ive the same results 

constant fixed coefficients for both the fre,,t-trade and protection situations. 

the output it; taken a1s unity.
When using formula (1) the f ree cr;idc price o, 

(-7. ) can be
Formula (2) has the disadvantage that free-trade value-added 

since it is derived bv dtfi at i ng domestic value; (o,,. rvud directly)
negative 

(1 ) _ind the clmest ic va1iue of imipo rs per
of the doinestic price of output j.1 

unit of output (1..) by the re.evant1 iO. ratio . 

.eklk eltt LI ,in' ,I 1eoi tl se Lwo :,The iviplications 

tii subscripts f and d) are:protection rate (E, droppi ng, 

T. T. When tile nominal, pro tection rates
1.) I T. = T ,)1 then . 

qil t ie-re i no d1i\,0r.enc t t teICweenof the output and the i np ut ar.e 


i tile 01Lt)ut. (If the aiso lute
nominal and the ciffectivc protect on la', 

atnd input wre ecquai, the iifective I)rot1.tol rate
protection for output 

would be zero). 
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2) If T. > T.,2.l then E.J > T.J > T.,2. and if T. < T., then E. < T. < TJ 1 j 3 2" 

Mhen the nominal protection rate of the output is greater (l.ess) than the 

nominal protection rate of the input; the effective protection rate of the 

output is greater (less) than its own nominal protection rate. 

3) If T. < (F.. • '.), then E. < 0. If the nominal protection rate 

of the output is less than (equal to) the free-trade share of the input in 

the cost of the output multiplied by Lhe nominal protection rate of the 

input, the effective protection rate of the output will be negative (zero). 

F.. 
4) If T. = 0, then F. = -(T. "-.---) When the nominal protection

1-F.. 

rate is zero for the output and po:itive for the input, the effective 

protection rate for the output is necessarily negative. 

r. 
5) If T. = 0, then E =- -- This is tihe formula for the effective

:1 m 1-F.. 

protection rate of the output when the input is not nominally protected 

(zero nominal rate). in this case the output's effective protection rate 

MunL be higjher than its nominal protection rate because F. is always less 

:Wifn unity. 

A numerical example will illustrate the use of formula:; (6) and (7). 

Em)irical sttudies; on pr.tec tion rates are usully compl icated hecause they 

are de01 for maniV prodcts witlh many inputs each. U' 'ortuna;tv most of 

the pub:ishd stu!ie; Ove methodology, results, and conclusions but not 

tihe data used. 

This example1 involves a metallic shelf that is painted and then 

assembl(d manaillV with screw bolts. The prodctt (metallic shv,]f) uses 5 

items an input:; seet metal, paint, screw ho tWin,e. ctri(itv, and lahor. 
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Labor is considered the only item of value added by the manufacturer of
 

per unit.

the shelf. The shelf has a free-trade price (Pjf) of $1.80 


in the calculations. EachTable 4-6 contains the basic data used 

added) is assigned an identification number (i),
item (inputs and value 

The free-trade
units in which they arc measured is also shown.and the 

effective protection rate for output j (metallic shelf) using formula 

(1), requires F.. to be calculated multiplying the free-trade physical input

output coefficient (fi) by the ratio of free-trade (world market) prices 

of the output ( jf). These were converted to
of the input (P if) to that 

using an exchange cate of 20 pesos per dollar.
domestic currency (pesos) 

as follows:
The relationship between these variables is 


if
f .
F.. 

1j iJ P. 

the physical input-output coefficients f.. are expressed

In Table 4-6, 

i.tem per metallic shelf (output unit). IabIe 44 
in terms of units of each 


, expressed in pesos pier

also shows the free-trade prices of inputs, P if 

the no minaI protect ion input unit. The last coluni in tihis table show, 

p - tCCI'..) TheS
rOte (T. for the first th;re1t items; the otIe t ,'()ar' not 

dolCe! ti(c and 
nominal protection rlatt.s ire til, prlcentage d i f iertlncs l)etV( 


acC ann t both
 
import prices. This concept of 'implicit tariff" take i.1 to 

price and nonprice (quantitative) measure s oftprotectoii, adi,1:uc' rare ''l 

L iri . "'imp i(111t - orIcoincides wiLiththe p r elllnt 1;1if 


price i .(.1. T!he ot.e W1. va' [abl.:;

is , e,;(- its; free trade Cthe shelf 30, r 

(1) ar(, Prt' , 01nted in 'Table . Sub
used fur calcultti i 0t with frMla 


in f rnu] ;a(1; e
st tut ing t he correspond in g! dat a f rom table,.; 
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Table 4-6: Data on the Inputs for a Metallic Slielf 

f P T . 
if

Item Units (Units' per (Pesos)* (Percentage) 
shelf) 

square

I sheet nMetal meters 1.5 54 
 .15 
2 paint liters .6 36 .35 
3 screw bolts units 10 .18 .10 

4 electricity kilowatts .25 72 

5 labor hours 1.6 36 

Cr, ti:d v(bA: See text. 

An exchange of pesos per dollar used to convertrate 20 was these prices
i.c U originall y were -expressed in dollars. 

Tab, 4-7: Cacl tilations, for th,_e !ffecti ve PrCte't ion Rate 

.......... . ! .
 = f. x (P.,-/P ) fr f..P* (l+'r.) 1 -T.P x:. 
if f J - f ij if i. if . 

.3 .45 81 93.5 .0675
 

- .- .2 2j.6 20A.6 042 

3 .001 .0 11.98 .8 .00J 

I .4 !8
 

... .2 .32 57.6 57.6 0 

ee1.00 O 

. . 2. . , See tecxt. 
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4
 
T. ZF..T.
 

+ .042 + .001. + 0
.3 - (.0675
- i 1 _E

E. =4 1 - (.45 + .12 + .01 + .J)


F F..
 

i lj
 

.3 - .1105 .1895 5922 = 59%
 

1 -. 68 .32
 

With the information provided in Tables 4-6 and 4-7 it is also possible
 

to estimate .if by calculiting directly the value added at free-trade prices
 

(W.) and at domestic prices (V.) by subtracting the corresponding value of 

the inputs from the relevant price in the following way: 

4
 
= 


W = P - E fijPif = 180 - (81 + 21.6 + 1.8 + 18) 180 - 122.4 = 57.6 

J Jf i 

4 4 

Vj jd - ijPif (1 + Ti) = Pjf (1 + T.) - Z f ijPif (l + T.) 

(1 + .3) - (93.5 + 29.16 + 1.98 + 18) = 234 - .42.64 = 91.36= 180 


V - . 91.36 - 57.6 _33.76 = 5861 59% 

Ejf W. 57.6 57.6 

of the effect:i veBoth forms of estimating formula (6) result in an estimate 

protection rate ol 59". 

to apply forumla ( / ) a different set of phyv;Icali input-outpultIn order 

This dif ferent, set ",aUidcoefficients; wlulod c necL-sS-lv iusted o f ff 

di s!-,; t iMIS ot tlh. exist i ,(12k;t it: )roteCtiv' ,t Fti(;fllr' . eseiIlI'fe ct tht 

tiIdomestiic physical in pLt-outp)ut Coeff is iCit:; (Id V.'r ILd b o It(d 

input in the cost of t. iO tt t;t, tIIrough tile :'a to ofthe domestic sliare of 

tiIithe domestic price of tihe input (Pi) to tLat of the out put (, ) in 
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following way:
 

( D d jd 

Once D.. is obtained, substituting the corresponding values in formula 

(7) is straightforward.
 

Non-traded Inputs
 

A protected industry using non-traded inputs will demand more of these 

inputs than when not protected. Such increased demand may cause an increase 

in the price of non-traded inputs since they are not subject to international 

competition as arc traded inputs. An increase in the demand for traded in

puts will not affect their price due to the assumption of infinite elasticity 

!or their supply curves. In the numerical example, electricity (item 4) is 

a tyical non-traded input where higher requirements of elctrical uner:y 

by the protected manufacturer of metallic shelves may cause an increase in 

the price of electricity. 

Both Corden (1966), and Balassa (1971b) have proposed methods for 

handling nun-traded inputs. Corden includes the value added in the production 

of non-traded inputs:- with the ,'a)ue added in the manufacturing of the output 

so that the effective protection W ca.lcul.ted with respect to the sum of 

both. As an lt crnative, Balassa treats non-traded inputs as traded inputs 

with zero effective protection, which assumes that all inputs have infinitelv 

elastic supply curves, i.e., that non-traded inputs are supplied at constant 

Referring again to the earlier numerical example, the effective protection
 

rate with free-trade input-output coefficients of 59 was obtained with the
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Balassa metLod where traded and non-traded inputs are treated equivalently.
 

as
The corresponding formula for the Corden method is follows:
 

V.-W.
 
= 1-i
(8) E!


-jf W.+V. 

where
 

E!f = effective protection rate for activity j using the Corden 

method of incorporating non-traded inputs 

V. = domestic value added per unit of non-tLaded j
1 

This formula requires that the value added of the only non-traded input
 

(electricity), be added to the free-trade value added in the denominator. 

Assuming $3.78 pesos as value added in generating electricity the new 

estimate of the effective protection rate with the Corden method is: 

V. W. 21:36 = 
E! = - --- =' " - 57.6 = -33.76 = .55 55% 
jf W. + V. 51.6 + 3.78 61.38 

Thus, only difference between the methods when using formula (6) is
 

in the denominator where the Corden method requires the addition of the 

cumulated value added of the non-traded inputs. Since this term is always 

positive, a positive (negative) effective protection rate will be smaller
 

(larger) when using the Corden method. In other words, as long as there 

are non-traded inputs in an output, the Balas;sa method will give higher 

effective rates of protection than the Corden method. 

Net Effective Protection 

Under an existing protection structure, balance-of-rayments equilibr ium 

is often maintained at a lower exchange rate than would be possible under 
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free trade. When the protection structure is removed a devaluation of the 

exchange rate is necessary to cover the resulting external deficit. The 

obiective of estimating net effective protection rates is to incorporate 

the effects of over-valued exchivnve rates prevailing under protection 

structures as compared to free-trade rates. 

Balassa (1971b) presented two alternative approaches to deal with this 

adjustment. One approach is to recalculate the effectiye ra,-e of protection 

by expressing world market values in domestic currency at the free trade ex

change rate. The alternative approach, which was used in country studies by 

Balassa and Associates, (1971), is to adjust the effective rate calculated 

at the exchange rate prevailing under a protective structure for the extent 

of overvaluation under free-trade conditions. The frrmulas needed in the 

estimation of the net effective protection are:
 

P 	 Rd 

= (l1- +- r.) -+(9) 	 . 
jn P j 	 Rf 

=(10) 	 Pjd Pjw Rd (1 + Tj) 

(11) 	 p. = P. • Rfj]f 	 jw 

Rf p V +c V +U
 
- x
(12) 	 f s m m
 

Rd V c V
 

1+ S I +T 

and
 

- 1) 

(13) + C
 
x x 
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where 

T.in = net nominal protection rate on j 

Pjd = domestic nominal price of a unit of j under a protective
structure
 

Pjf = free-trade nominal price of a unit of j (in domestic currency) 

Rd = actual exchange rate under protection 

Rf = free-trade exchange rate 

ns = supply elasticity of foreign exchange 

nx = supply elasticity of exports 

x = demand elasticity for exports
 

K m m = demand elasticity of import
 

V = actual value (at present exchange rate) of exports 
x 

V = actual value (at present exchange rate) of importsm 

S.J = export subsidy on good j 

T.J = import tariff on good j
 

U = unplanned deficit in the balance-of-payments
 

Formula (9) relates the net nominal protection rate (T jn) to the nominal 

protection rate (T.i ), and the exchange rates that create the need for the 

adjustment. Formula (12) is the devaluation rate necessary to cover the 

deficit in the balance-of-payments due to tLh changes in the value of exports 

(decreasing, because of lower prices in domestic currency) and imports 

(increasing, because more units of domestic currency per unit of foreign 
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currency are required) that occur when the protective measures are eliminated.
 

If we assume that the balance-of-payments is initially in equilibrium then
 

U in Formula (12) wi] be equal to zero. More usually, U will be positive.
 

Formula (12) shows the sensitivity of the devaluation rate to the values 

of the various elasticities. The effects of a devaluation depend on the price 

elasticities of impo.ts and exports of a country since both types of outputs 

are affected. For thils reason export subsidies also need to be included in 

the formula. Once an estimate of the devaluation rate is calculated using 

formula (12) net nominal protection rate can be obtained from (9) and used 

in either formulas (6) or (7) to obtain the net effective protection rate 

(j. ). 

Referring once mure to the metallic shelf example, the estimated effective 

protection rate of 597 can be adjusted for over-valuation. Assume the balance

of-payments of the country where the shelves are manufactured to be initially 

in equilibrium (U = 0). Also assume that the value of total exports is 

equal to the value of total imports (Vx = Vin ). 

The following elasticites arc assumed: X is 11, c Iis 3, and c is 2. 

The exchange rate. under the present protection measures is 20 pesos per 

dollar. To promot :x:ports the government grants an export subsidy (S) 

averaging 107 while the nominal proLection rate (T) averages 207. Substituting 

all these numbers in formula (12) results in the following devaluation rate: 

Rf V + V + U .85V + 3V 4 0 3.85V
f s x m m x x x 5.51. 

Rd sV C V .85V 3V 4.41V 4.4sx in in x xx 
+ +.-t___1+S ]+T 1 + .1 14.3 1.43 

1.2523 = 25%
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where 

V = V ; U = 0x n 

nx ( 11(2-1) 11 .. - . . 85 
n= 11+2 13 x x 

This devaluation rate is now substituted in formula (9) to obtain the 

net nominal protection rate on the metallic shelf (j) as iollows: 

-- 1 1 1=(.)(8 
T. (l+T) Rd 1 (1+.3) 1.25 
Jn 1.1.)(.25- 1 

1.04 - 1 .04 = 4% 

Knowing the devaluation rate which estimates the extent of over-valuation
 

of the actual exchange rate (25% for our example), we can calculate the net
 

effective protection rate of metallic shelves using the Balassa method (con

sidering non-traded inputs as traded inputs with zero effective protection)
 

with the following formula:
 

Rd (1 + E.f) 

(14) E. R 

where
 

E = net effective protection rate for activity j
 
jn
 

Substituting in formula (1.4) the information presented above gives us the
 

following result:
 

Rd (1 + Ej f) _1__ 

= 
E. d E 1 5 (1 + .59) - 1 = (.8) (1.59) - 1 = 
jn R f 2 .25 

=
 1.272 - I .272 = 27%
 

http:1.1.)(.25
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Alternatively, the same result is obtained if the net nominal pro

tection rates (Tin and T. ) for each input and for the output calculatedin jn
 

using formula (9) are substituted in formula (5) for the nominal protection 

rates (T i and T.). These rates (Table 4-a) can then be substituted in 

4 
T. - Z F.. T.Jn i ij in .04 - (-.036 + .01 - .001 - .02) 

Ejn 4 1 - (.45 + .12 + .01 + .1) 
1- F.. 

i ij
 

.04 - (-.047) _ .087 272 = 27%
 
1 - .68 .32
 

Using either formula (i0)or re-estimating formula (5) gives the same result
 

of a net effective protection rate of 27%.
 

To obtain the net effective protection rate using the Corden method, it
 

is neces. nrv to substitute the net effective rates T. and T. for the
 
in jn 

effective rates T. and T, in formula (8). The net rate according to Corden's 
I j 

method (combining value added in producing inputs with value added in
 

manufacturing the output), is found using the following formula: 

V. - W. 
=
(15 ) E ,. n
 

jn W. -V.
 
J 1
 

where 

E' = net effective protection rate for activity j using the
 
jn Corden method
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Table 4-a: Net Effective Protection Rate: 

AR dT.T. = (i+Ti) - 1 

in iRf 

Balassa Method 

I 
FiT3* 

i T n ij 

1 

2 

3 

4 

.15 

.35 

.1 

0 

-.08 

+.08 

-.12 

-.02 

.45 

.12 

.01 

.1 

-.036 

.01 

-. 001 

-. 02 

Source and symbols: See text. 

Table 4-b: Net Effective Protection Rate: Corden Method 

Sf .pfij if f..P..jij (1+T.(l+in 

1 

;2 

3 

4 

5 

81 

21.6 

1.8 

18 

57.6 

74.52 

23.33 

1.58 

14.4 

57.6 

Source and symbols: See text. 
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Substituting the data presented in Table 4-b in formula (15) gives:
 

V. -W. . j. 73.37 - 57.6367 . 3.15.77. . .25 

jn W.-V 57.6 + 3.68 61.28
 

where
 

4
 
VJn 
 = P"- (+T)- iZf ij Pif (I + T. ) = 180(1 + .04) 

(74.52 + 23.33 + 1.58 + 14.4) = 187.2 - 113.83 = 73.37 

Table 4-8 presents all the estimates of protection rates for the 

metallic shelf estimated by both methods. 

Table 4-8: Protection Rates for a Metallic Shelf 

Method Nominal Net nominal Effectiv Net effective 

Balassa 30Z 4% 59% 27% 

Corden 30/ 4% 55% 26% 

Source: See text.
 

Tie use of effective protection both in its initial form and including 

complexities such as the treatment of non-traded inputs and the net pro

tection rate which adjusts for over-valuation of the exchange rate prevailing 

under a protective structure in il]us trtd n Ba1 ;is;sa's (197]a) study. 

He pointed out three specific applications: first, as an indicator of 

the effects of protection, which shows relative incentives provided to 

determined activities ranked according to their effective prntection rate; 

second, to calculate the cost of protection to th, na lio nal economv of 
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the excess of domestic compared to foreign manufacturing costs, which is
 

shown by the effective protection rate; and tiird, to L,\,]Iuate alternative 

investment projects, which requires the reinterpretation of the effective 

protection rate in terms of domestic cost of saving or earning foreign 

exchange.
 

Empirical Studies
 

1) ProtectioA in Latin America 

An advantage of the Balassa and Associates (1971) study is the compara

bility of the estimates for the countries inc,'.ld (TaDieb 4-9 and 4-10). 

Other studies of the protection structures of Brazil, Chile, Colombia, and 

Mexico have been done by Begsman and Malan (1971), Bergsman (1970), 

Jaenneret (1971), Behrman (1976), DLaz Alejandro (1976), Bueno (1971), 

and King (1970). 

The Bergsman (1970) and King (1970) studies cover industrialization 

and trade policies in Brazil and Mexico, respectively. More recently 

Behrman (1976) and Diaz Alejandro (1976) studied the relationship between 

foreign trade regimes and economic development in Chile and Colombia, 

respectively. These four studies are quite detailed and they cover several 

topics beyond the sr..pe of this manual. Empirical estimates of nominal 

and effective protection rates are found in each one of them, although the 

calculations are not strictly comparable.
 

Studies by Bergsman and Malan (1971), Jaenneret (1971), and Bueno 

(1971) are much more comparable as their numerical results for Brazil, Chile, 

and Mexico, respectively, as Tables 4-9 and 4-10 demonstrate. It shiould be 

remembered that effective protection is a relative concept which means that 

http:inc,'.ld


296
 

Table 4-9: Nonlina and Effective Protection Rates for Prazi I, Chi I,, and 
IMexico (%) 

Brazi. (1966) Chile (1961) MC, Cx (1960) 

Ind us try . rup 	 T '1 E E 

Agriculture, :orestry, and fishing D 63-33 42 49 I 7 3 

F 5() 46 53 58 6 

ining, and 	 energy D 27 25 8 -2 4 -5 
F 23 -16 39 72 -I -13 

Krimary production, total 	 D 59 52 28 21 6 ] 
F 38 18 47 64 3 -3 

Kr,,cessed 	 food D 82 87 82 2,884 18 6 
F 71 92 101. 255 313 20 

(Con. truction materials D 79 86 66 64 -4 1 
F 67 79 115 154 4 -5 

.ntt-,rmediate products I 	 D 92 1i0 53 70 22 37 
F 68 115 60 1(05 1-4 25 

I'a..rmcd.te products II D a a 118 159 25 38 
F 121 187 1]3 !95 33 56 

>'UIdIrable consumer goods D 140 173 204 277 95 30 
F 157 218 188 J00 33 45 

Consltunr durables 	 D 108 151 84 101 49 93 
F 154 218 95 12 3 50 85 

MIch i nerv D 87 100 92 98 29 38 
F 80 9'1 86 97 32 38 

Trmsport 	 equipment D 1) ) b b 26 37 
F 26 -26 .16 -65 26 30 

Ianufacturing, total 	 D 96 113 1..11 182 24 26 

-~~.--F 	 86 127 89 158 20 32 

Source: Brazil - Bergsman and Malan (1971). 
Chile - .aenneret (1.97.).
 
Mexico - Bueo (1971).
 

Symbo.l s: 	 T = nomimnl protecti on rate.
 
E = efec t ire prtect in rate.
 
I) est.im,'ste us I.,, domestic input-output cuefficien ts
 

= e(.t i1atZ. us iln, free-trade 	 ci:cut-ontputroefficients. 

Notes: effective were with f.:,rnu a, (5) aid (6) (0- this sectimrat.,, 	 :taated 

a, I 1(3 I 	 '(,1 1. t!L , CidJsI ,, ( . L ...L,, ..
in ' ~,. . ",s :d :t'.- ~ pb, icc I',:,c t,, P1',,, ' * Cu 
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Table 4-10: Net Nominal and Effective Protection Rates for Brazil, Chile and 
Mexico (Z) 

Brazil (19(t) Chile (101) 'Nex~co (1900) 

Industry group Tn 1. . L ( o. T C i 

Agriculture, forestry, and fishing D 29 2.1 -_1.5 1 -2 -6 
F 1 15-2 -3 

Mining and energy D 0 -1 -36 -42 -5 -13 
F -3 -34 -17 2 -9 -20 

Primary production, total D 25 20 -24 -28 -3 -7 
F 9 .7 -12 -2 -6 -11 

Processed food D 44 48 '1,676 8 -3 
F 35 52 20 11 4 10 

Construction materials D 41 47 -1 -2 -12 -7 
F 32 41 28 51 -5 -13 

Intermediate products I D 52 66 -9 1 12 26 

F 33 70 5 22 5 15 

Intermediate products II D a a 30 54 15 27 
F 74 127 27 76 22 43 

Nondurable consumer goods D 89 1.15 81 124 15 19 
F 103 151 71 138 22 33 

Consumer durables D 64 98 10 '30 37 77 
F 100 204 16 33 38 70 

Machinery D 48 58 14 18 18 27 
F 42 52 11 17 21 27 

Transport D b b b ) 16 26 
F -1 -42 -31 -79 16 19 

Manufacturing, total 1) 55 68 26 68 14 16 
F 47 79 13 54 -0_ 2 

Source: Brazil - Bergsmin and Malan (1971). 
Chile - Jaenneret (.1971). 
Mexico - Bueno (1971). 

Symbo Is: T n = net nomi-no ] protection ra-1e. 

E = net efI Octive protection rate. 

D est ilimites us i n d>i:est ic input-out p)ut (w+ fi en ts. 
F = estima t es us in I frue-trade input-,,Lpi t .ooeffUici Llts. 

Notes: net L orino ,iW l ,.r' Ivye r-iii,! ,.u, ,_ : I . us4 n m a (9) andeiln. 


(112) of this; .%I''c I i 1 '1k. 

, 	 1cl ud ed in ItIr,,. I., mdi.at, p ,:, . , us -t rv 

i I, iII -iI ( , I I t 1- 11l l s l .
in ( I e ( t 1 1 ';} lt : 1:: t 11,I, 
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some industries are protected relative to others. It is not possible to 

derive a general pattern of protection across countries from the information 

presented in Tables 4-9 and 4-10 since each of the three countries differ 

in their industrial structure. A general observation based on these cables 

is that the results are similar using either free-trade (F) or domestic (D) 

input-output covoic iOn os. A major drawback in the estimation of effcctive 

rates protection is that the data required does not always exist and even 

when available it is outdated unless the assumption of a productive structure 

fixed over time is valLd. in her study Jaenneet first described Chile's 

natural resource endoument, the patterns of growth and structural change in 

the country, and specifically the import substitution policies applied. 

The system of protection prevailing until 1955 was described, which included 

as measures exchange controls, multiple rates of exchange, quotas and import 

licenses, special regimes, and Lobbying. A reform of the foreign trade 

system was undertaken in 1955 following the advice of a team of foreign 

experts. This reform was the base of the Chilean protection structure pre

vailing in 1961, the year for which her calculations were made. 

The nominal and effective protection rates calculated by Jaenneret 

(Tables 4-9 and 4-10) refer to the period July-September 1961 and used the 

only input-output table available for Chile based on the productive structure 

of 1962. The first adjustment made on the input-output table data was to 

deduct indirect taxes net of subsidies from the value of output. In some 

cases further adjustment was required to account for special regimes. Trade 

and transportation costs were also deducted. These initial adjustments 

were performed to obtain the value of output at producer prices (from whiich 

value added was obtained and used in the effective protection calculations) 

from the table that originally estimated output value at user prices. 
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The estimates of the rates of nominal protections involved 1) classifying
 

5000 import items in the tariff schedule to conform the SITC categories and
 

group them accord i ng to thl class if i cat ion used by t e input--out put table 

(for the c.if. value2) determining for each item the tariff cquivalent 

of each item) of the various protec tive measurcs such as puc ific duties 

3) g iv ingimport surcharges, prior deposits, and ad valorem rariffs 


as (ATT agreeseparate consideration to the so-called special regimes such 

ments and duty-free ports; 4) esti mating the implicit tarilffs (ratio of 

to domestic prices) of previously identi fied prohibitive tariffs;import 


that
5) distinguishing between the nominal protection of the industry and 


of its products used as inputs and; 6) averaging (using; domestic import
 

world trade weights) the nominal protection rate for
weights as well as 


for each sector of the input-output table. Once
each SITC category and then 


the nominal protection rates were obtained, the calculation of effective
 

was performed and results reported for 28 industries.
protection rates 


2) Protection in Australia
 

Using the 1958-1959 input-output table for the Austral.ian economy, Evans
 

to analyze the effects of pro(1972) specified a general equilibrium model 

is a modified classical (Ricardian)tection. Theorct ically, ivam;' model 

one which was solved using lincar progranning. Given the 1LVe. of disaggre

th is general equilibrium model.gation used (more than 30 industry levels), 


resource-pull of theleads to significantly different predictions of tihe 


Intresiingtariff in comparison with a simp] e partial equil ibrium model. 

pol icy impl icat ions arc al,;o discussed by EviA . Tih efi-ctiv protection 

in Austral ia was ustimated by computinug direct Lv unit va lue added ir prn

duction from base year capacities under proteection and under free--trade 
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situations. Since factor substitutes is not allowed, this model does 

not have to deal with the problem of input coefficients for measuring 

effective protection because these coefficients do not change when tariff 

are introduced. 
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The Effects of Devaluation
 

Devaluation, an increase in the exchange rate (the value of foreign 

currency in terms of domestic currency) from one par value to another, is 

the subject of this section. A common policy instrument in LDCs, devaluation 

is used to ease existing balance-of-paments deficits. '[he main focus in 

the discussion is on the effects of a devaluation on prices, exports, 

imports, and national income. A static partial equilibrium framework is 

used, which is the oldest of the approaches that have been developed. 

Following Corden (1977), the analysis is based on the "small-country

assumption", which means that the terms of trade of a country are rot 

affected by the policies it implements. Cooper (1971b) gave a us&:l 

description of the small-country case: a country with bal.ance-of-payment 

difficulties, a normal importer of capital (fixed in terms of foreign 

currency, under a foreign assistance program; the country cannot influence
 

the price of its imports, althouh it is not necessarily a price-taker in 

the markets for its main exportable goods; the country's government covers 

any budget deficity by borrowing from the central bank. 

Different Approaches to the Analysis of Devaluation 

The economic literature on devaluation can be classified into alterna

tive, though not necessarily conflicting, approaches. The elasticit y 

approach has its roots in Robinson's (1.937) paper, which uses a partial 

equilibrium analysis of the separate markets for expnrt s and imports with 

emphasis on the effects of devaluation on time tra de balance but ignoring 

the role of capital, movements on Lhe balance of payments-. The .arpc tion 

approach was first proposed by Alexander (1952), who emphasized the effects 
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on aggregate domestic income and aggregate domestic expenditure. Some
 

attempts have been made to integrate these two approaches, for example, 

the works of Alexander (1959) and Tsiang (1961). Textbook authors such 

as Kindleberger (1978) have interpreted this integration by considering 

that the elasticity approach looks at the price effect of a devaluation while 

the absorption approach looks at the income effect. The former is a short

run effect and the la-ter a medium-run effect. The elasticity and absorption 

approaches have generated relatively simple algebraic formulas to quantify
 

the effect they emphaize. Stern (1973) provides a formula that combines
 

both of these approaches. 

In a revised and extended version of his Ph.D. dissertation, Kyle (1976)
 

attempted to integrate fully the elasticity and the absorption approaches 

to balance-of-payments using an open-economy model. He recognized that his 

model lacked a sector incorporating international capital movements, which 

is the third approach to devaluation analysis. The main theorems derived 

from the monetary approach were shown to be special cases of his model. 

By including a production and a monetary s .rtor and by defining real 

variables consistently, KyLe was able to uti3 ize a macroeconomic: model to 

analyze the short-r un response of outpt, t, emplovment, and balance of payments 

to changes in the exchange rate. (;iven the completeness of the model the 

effects of a devaluatinr were quite complex. 

The monetary a pp reach, and the problems of balance-of-paynents in 

general, is discussed Ln two volumes cdRtd bv Frenkel and Johrson (1976 

and 1978). This approach stre sses the irmp(ort ance of tIe c(Jncept f money 

stock that .aas a and the bI lance-of-payltent is558 d monu L;:r\ phenollelnn .in 

an international monetary economy. The different aspects of devaluation 
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have yet to be fully integrated. Each of the three approaches reviewed 

in this section.
 

1) Elasticity Approach 

This approach focuses on the effects of a change in relative prices on 

the trade balance of a country. If a trade balance deficit exists, devalua

tion is meant to increase the value of exports and decrease the value of 

imports, both expressed in domestic currency. This follows from an increase
 

in the domestic price of tradable goods, since higher prices tend to increase 

the quantity of exportables and to decrease the quantity of importables. 

Supply and demand elasticities are crucial in the general algebraic formula 

that effects an exchange-rate change on the trade balance. The derivation
 

of this formula is somewhat tedious. It starts by differentiating the
 

trade balance identity:
 

TB = V - V 
x m 

and uses several algebraic manipulations to arrive at the following expression
 

in elasticity form:
 

dTB/Vm Vx Cxm+ I rl + 1 

(16) Etb dr/r V - T 

T1x Cm 

where
 

r
Etb = elasticity of TB with respect to 

TB = trade balance (net surplus on current account) 

r = exchange rate (price of foreign exchange) 
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V = value of exports before devaluation
x 

V = value of imports before devaluation 
m 

= demand elasticity for exports 

m demand el Jticitv for imports 

= 
x supply elasticity for exports
 

Tm = supply elasticity for imports
 

This specific form of the elasticity approach was obtained from Kindleberge 

(1978). Alternative forms are given by Alexander (1959) and Grubel (1977). 

These three references also contain similar detailed derivations of the 

elasticities formula. 

A special case of the elasticities formula is the famous Marshall-Lerner
 

condition 
 for improvement of the trade balance after a devaluotion of the
 

exchange rate takes place. This condition states that the effect of a 

devaluation on the trade balance will depend on the outcome of the sum of 

the absolute vales of the two demand elasticities (c 
x 

and c ). 
m 

Assuming 

that the two suppiy curves are infinitelv elastic (r 
x 

= 
in 

= c) and that 

!.uitiallv the tride balance Is zero, (the valuet; of exports and imports are 

equal, V = V ); the trade balance will improve by devaluating the exchangex m 

rate if the sum Is greater than unity. The Marshall-Lerner condition takes 

the following form: 

dTB/V 
(17)dr/r > 0 if Ex+ > 1 

when 

Dxx= 1m = andV x =V II 



305
 

Kindleberger (1978) also discussed the effect of a devaluation on the 

terms of trade (ratio of export prices to import prices expressed in the 

same currency) of a country. The following general formula quantifies the 

elasticity of the terms of trade with respect to the exchange rate: 

dP /P - dP /Pm xnm - CE x x m mn x x m
 
(18)tt dr/r (Cx-nx) (m-Cm)
 

where
 

Ett = elasticity of the terms of trade with respect to r 

P = export prices
X 3 =expressed in the same currency.
 

P =import prices
 

A devaluation will improve the terms of trade if CxEm > nxnm it. 


will worsen the terms of trade if c cm < qxqm. it will not affect the 

terms of trade if c c = n n. 
x m x m 

In table 4-11 the effects of a devaluation on the trade balance aaid 

the terms of trade are presented for four special cases of formulas (6) 

and (17) with different values of the elasticities assumed in each case. 

In the small-country case, the effects of a devaluation in the s;hort run 

are to improve its trade balance and leave its terms of trade unchanged. 

Long-run effects can be analyzed only after the inclusion of nontraded 

goods and monetary considerations, which is beyond the scope of the present 

manual.
 

The partial-equilibrium basis for the elasLicity approach requires 

the assumption that incomes and prices of all other goods be considered 

constant, which is an unrealisti.c assumption. Johnson (1977) identified 
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Table 4-11: Effects of a Devaluation
 

Case 

Inelastic demands _____ 

Elasticities 

= 0m x 

Effects 
Trade balance Terms of trade 

worsens worsensworsens___ 

Sm lI Country = improves unchanged 

Prices fixed in 
I uyers'cLUrrencies z = -=.. improves improves 

Price fixeu in 
scllers' currencies T improves if 

X + ml > 
worsens 

Source: Kindleberg (1978) and text. 
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First, cross-effects in demand
five specific limitations of 	the approach. 


zero. Second, income is implicitly held
and supply are assumed to be 


constant instead of appearing as an argument in the demand and supply
 

functions. Third, the approach does not provide an analysis of the sources
 

to produce it to
of increased production and the extra labor required 


fulfill the increased demand for domestic production. Fourth, the approach
 

supply of money as a flow demand or supply, while
 treats the demand for or 


a demand for a stock.
 monetary theory claims that. the demand for money is 


And fifth, the possibly crucial role of domestic monetary policy in
 

a devaluation is concealed.
determining the success of 


It is also useful to stress some theoretical problems that are present
 

are econometrically
when the elasticities required for formulas (16), (17), and (18) 


estimated. A sense of "elasticity pessimism" that existed earlier was due
 

the need for relat:ively high elasticity values for the Marshall-Lerner
 to 


hold and assure the success of a devaluation in improving the
 
condition to 


Orcutt (1950) pointed out several pitfalls in
 trade balance of a country. 


the statistical estimates of price elasticities that were 
the basis for the
 

"elasticity pessimism" of the 1930's. Such estimates were biased towards
 

the dependence

zWro because 1) there is an identification problem due to 


between relative prices and 	the random deviation in 
the import-demand
 

2) the sample period used for the estimations reflected adjust,wnt
function; 


to smaller price changes "nan that occurring with a devaluation; 3) short

lower than long run elasticities; 1) use of
 run elasticities (one-year) are 


to goods with relatively low elasticities;
wu ,t
aggregated data may give undue 


for prices, quantities, and
 and 5) the data may reflect measurement errors 


other variables.
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Time lags in the adjustments of imports and exports following a devaluation 

is another factor affecting measured elasticities. ,Iunz and Rlomberg (1973) 

have studied the response of trade flows to exchange rate changes which they 

decompose over time considering five types of lags: ]) recognition--it
 

takes time for buyers and sellers to become aware of 
 the changed competitive 

situation; 2) deci.sion--nuw business connections need to be formed and new
 

orders to be placed; 3) delivery--trade flows and payments respond 
 to price
 

changes only as the goods are 
del.ivered; 4) replacement--which takes place
 

after inventories of materials 
 are used or equipment is worn out; and 5) 

production--to shift from one market to another requires producers to be 

convinced of adequate profit opportunities in the new market. These authors 

concluded that the response of trade flows to relative price changes stretches 

over a period of four to five years. Almost 50 pcrcent of the full effects 

of a devaluation occur during the first three years, while about 90 percent 

takes place during the first five years. This was termed the J-curve effect, 

to reflect the small initial effect of a devaluation that increases rapidly 

in the medium-run and fades away over time. 

2) Absorption Approach 

Harberger (1950) developed a revised analysis using a Keynesian model 

that allowed for vaiat ions in output and national income. The idea was 

that the elasticities results were the initial results of a devaluation, 

which then led to secondary income effects that could either reinforce or 

offset the initial ones. The formula suggested to evaluate the final 

effects of a devaluation on trade jalances wos: 

hd h fV 1 + c +c ± q +n 

- d f X x T f (19) E 
9 Etb hd1 hf + nd hf 4 T f hd 
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where
 

= domestic marginal propensity to hoardhd 

hf = foreign marginal propensity to hoard
 

nd = domestic marginal propensity to import
 

Tf = foreign marginal propensity to import
 

Thus, the necessary condition for a devaluation to be successful, is that the 

absolute value of the elasticities of demand for export and imports exceed
 

unity plus the sum of the domestic and foreign marginal propensities to
 

import:
 

(20) IE + Cm > 1 + nd + nf 

Johnson (1977) considered this "Keynesian multiplier approach" to be
 

He identified its limitations
an improvement over the elasticity approach. 


to be: 1) cannot be used to analyze devaluation under full employment or
 

inflationary conditions because it assumes mass unemployment and a rigid
 

money wage, 2) it makes the monetary theory mistake of treating a demand for 

increased money balances as an equilibrium flow demand, and 3) it ignores tie 

balanceimportance of the conduct of domestic monetary policy to improve the 

of payments according to whether an increased domestic demand for money is
 

inflow or domestic credit creation. Estimation
met by international reserve 


of the relevant parameters is also more difficult than for the elasticity
 

approach. 

of a devaluation fromAlexander (1952) switched the focus of analysis 


the trade balance as a difference between the values of exports and of
 



310
 

imports to the trade balance as the difference between aggregate domestic 

income and aggregate domestic expenditure. His absorption approach is a 

straightforward application of the standard Keynesian closed economy mode] 

to an open economy. The difference between aggregate output and the trade 

balance (exports minus import) is current aggregate expenditure or absorption; 

a trade deficit is then an excess of expenditure over output. To restore 

balance, either expenditure must be decreased (this the only way when the 

economy is in a situation of full employment of resources) or output must 

increase (this is possible if a situation of unemployment prevails). The 

policy prescription under this approach requires that a devaluation be 

accompanied by deflationary monetary and fiscal policy. Corden (1977) 

refers to devaluation as a switching device that helps reduce absorption,
 

which is the typical case of LDCs with trade balance deficits.
 

Johnson (1977) also made some theoretical criticisms of this approach.
 

First, it treated devaluation as a single policy to be implemented on its
 

own. Second, the balance of paynent was treated as a repetitive flow
 

equilibrium instead of a shock-adjustment equilibration of actual to desired 

balances. Third, it does not take into account the monetary policy roles 

of devaluation under unemployment. 

Following the criticism of his absorption approach, Alexander (1959) 

attempted to combine the elasticity and absorption approaches. He called 

the elasticities effects, assuming money income constant, the impact effect
 

which then caused changes in money income that also affected the trade 

balance via secondary "reversal" effects. He defined a reversal factor, R, 

which represents the effects of a change in income, initiated by the 

elasticities effect, on the trade balance. Alexander's (1959) synthesis 
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formula, 	as presented by Kyle (1976) is:
 

RdR Et
 

RdRf Etb
(21) E* 

tb 1 -	 (Rd-l) (Rf-l) 

where
 

E*b = elasticity of TB with respect to r
 
tb
 

= domestic reversal factor
Rd 


Rf = foreign reversal factor
 

Etb = see formula (1) 

Formula (21) can also be expressed in terms of marginal propensities to
 

hoard and to import, both with respect to money income, as:
 

Et
 

- t1)
(22) E* 
=tb 1 + 	 md + mf
 

hd hf
 

3) Monetarist Approach
 

The elasticities and absorption approaches to devaluation analysis
 

focused on the trade account of the balance-of-payments. In recent years the 

the emphasis toward the monetary consequencesmonetarist school has shifted 

of capital movements. The two collections of papers edited by Frenkel and 

the development of the approach, its proposition;,Johnson (1976, 19/8) explain 

and its applications. 

out, the monetarist challenge to traditionalAs Grubel (1977) points 

Keynesian approaches has been successful from the point of a higher relative 

ability to explain real-world phenomena and predict the effects of determined 

government policies. Neither approach can provide a genuine general 
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equilibrium model nor the empirical values of all the adjustment paramenters, 

which suggests the need for simplified theoretical models that emphasize 

different but complementary aspects of reality. 

Johnson (1977) rovides a clear and nontechnical guide to the
 

monetarist approach by stressing 
 that "a halance-of-payment deficit or
 

surplus is a stock-adjustment disequilibrium phenomenon 
 and not a flow
 

equilibrium phenomenon." Using Walras' 
 Law wh ich states that the excess
 

demand for or a sunnl,, of money must be matched by an excess supnly or
 

demand somewhere else in the market svstem, monetarists co .sidur that in 

an open economy excess demands and supplies can be eliminated by net 

purchases and sales (exchanges) of goods or bonds for money in the inter

national market. They consider that the process of adjustment toward 

equilibrium will automatically take place uniess del:iberatelv frustrated 

by policy and that the balance-of-payments policy should aim to speed up
 

this process 
 by reducing or reversing the initial disequilibrium between 

quantity of moncy demanded and supplied. 

Johnson (1977), writing with reference to 1975, stressed that balance

of-payment deficits and surpluses are "monetary symptoms of monetary dis

equilibrium that wiI. cure themselves in time without anv inherent need 

for a government balance-of-payments 'policy'". Monetary contraction 

would be necessary to speed this process. Devaluation (alternatively, 

import restrictions and export promotion) has the same effect but it is 

;ach:ieved by deflating the real stock of money backed by domestic credit 

through rai s ing the price level rather than by deflating the nominal stock 

at Imonley throu , open market sales. 
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Empirical Studies 

Empirical anal.vsis of the effects of devaluations has received much 

less attention than theoretical analysis. As Miles (1978) indicated, 

empirical studies are few in number and limited in scope. 

Literature on estimations of price elasticities in international 

trade abounds. Some studies have also been done with respect to devaluations 

by LDCs, but this specific question encounters the ciassic difficulties 

of data avai.labit. i Mtost of tie recent empir ical work has been ori.ented 

to the monctarist approach, and seems to support its propositions . The 

latest empirical trend is to look at devaluation effects over time, beyond 

its initial impact, and to include other policy variables along with the 

change in the exchange rate to explain the changes in the trade balance and 

the balance-of-payments. 

1) Magnitudes of Price Elasticities 

Stern, Franc is, and Schumacier (1975) published an annotated bibliography 

of 130 referencus on price elasticities of import and export demand functions. 

Unpublished Ph.D. dissertations and foreign sector equations of different 

macroeconometric models were not included by the authors but nevertheless 

their bibliography covered the most important work done between 1960 and 1975. 

Each bibliographical entry was summarized, its numerical ro.suits reproduced, 

and the equations from which the estimates were obtained were also inc l uded. 

A comparative summary o I aggregate elasticity estimate,-. and also h. conmmdity 

groups for 18 industrialized countries plus a chapter on methodologica.l 

aspects makes this book a valuable self-conta ined volume on tire topic of 

price elasticities in international trade. 
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The standard reference for empirically estimated income and price elasti

cities for import and export demand is the article by Houthakker and Magee 

(.169) which contained estimates for 15 industrial countries and 14 non

industrial ones. Their resuits of the elasticities of export demand 

functions for six Latin American Countries are reproduced in Table 4-12. 

Log-linear equations for the import and export demand functions were 

estimated by ordinary least squares on the basis of 16 annual observations. 

The export function was of the form: 

P 
(23) 1 V = BO + 61 1 n W + i2 

x 

where 

V = value of exports in 1958 dollars
X 

W = index of GNP for 26 importing countries 

P = export prices in 1958 dollars 

Px.' = index of export prices for 26 other exporting countries 

= so regression constraint 

= e ast icitLv for export demand (y) 

= price elasticity for export demand (c )IX
 

The lack of data and specif cation problems did not a]low them to estimate 

elasticities of import demand functions. F'r export d2mnand functions, the 

income elasticities were noted to be quite I ow (see Tahle 4-12) which is 

presumably ,xplained by th irportance o f -ua tcad t, produ, ts a 

coffIe. This would he Ics tru, at present t e e:1n the proport.ionthe .1 

of lOntra(it i(,1,n! (W,fll rlf t.,rd .. o d;) expr s by, T., , r m countrie: 
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Table 4-12: Income and Price Elasticities (cx) 
of Export Demand, 1951-1966 

X 

Country Constant 
Elasticity 

Income [ Price 

Argentina 5.39 .87 -.55 

Brazil 7.45 .34 -.39 

Chile 1.87 .99 -.09 

Colombia 5.13 .41 -.18 

Peru -.3 2.01 -.7 

Venezuela -1.23 1.12 .83 

Source: Houthakker and Magee (1969). 
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(specifically Brazil, Argentina, and Mexico) has ben rapidly increasing.
 

Estimates of import and export demand functions for 15 LDCs were made
 

by Khan (1974) using two-stage least squares and 19 annual observations.
 

Khan's sample of countries, 8 of them Latin American, represented both a
 

fairly wide geographical coverage and the use of consistent data for the
 

variables in the estimations. Khan's approach attempted t:o take into
 

account potential sources of bias by introducing "disequilibrium equations"
 

as a partial adjustment mechanism for imports (exports) in which the change
 

in imports (exports) is related to the difference between the demand for
 

imports (exports) in the present period (t) and actual imports (exports)
 

of one period previous (t-l). In order to account for the role of quanti

tative restrictions, Khan specified a first-order autoregressive process
 

and considered the coefficient of autocorrelation as an indicator of
 

restrictions.
 

Khan's estimated equilibrium equation of the demand for imports was:
 

P
 
v + a --m


(24) lnQm = a + a 1 

0 1 n Pd
 

where
 

Q = quantity of imports 

y = real GNP of importing country
 

P = import prices in 1958 dollars
m 

= 
Pd domestic prices 

CL= regression constraint
 

=
"I income elasticity for import demn; nd (v ) 

n., -- , , .t t cr i; ort .d:rennd - ) 
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This estimated disequilibrium equation of the demand for imports was:
 

P 

= (25) in Qm I0 + YU 1 AY + ja2 Pd + (1- -) 'n Qn-i 

where
 

0 < y < 1 (to account for difference between present and one 

period previous imports) 

Qm-i = one period lagged quantity of imports
 

,a0= regression constraint 

I = income elasticity for export demand (yx 

YU2 = price elasticity for export demand (cX ) 

the numerical estimates of income and price elasticities
Table 4-13 contains 

for import demand of the eight Latin American countries based on the 

equilibrium equation (24) and the disequilibrium equation (25). 

For the case of aggregate export demand, the estimated equilibrium 

equation was: 

P
 
x 

+ inW+ 2(26) In Q. a W 
x
 

where
 

Qx quantity of exports
 

P = export prices in 1958 dollars
 
x 

W = real. (;N P of OECI) countries 

P W = index of LxporL prices fur the (LCD countries 

x 
B= regression constraF~int/ 
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Table 4-13: Equilibrium and Disequilibrium Income and Price Elasticities
 
(C) of Import Demand, 1951-1969

!m
 
E uilibrium Disequilibrium

Elasticity Elasticity LaggedCountry Constant Income Price Constant Income Price Imports 

Ar',,tntLina -1.4 .14 --. 85 1.487 .08 -. 6 .31 

BrZ:ziL 2.53 .11 -1.69 1 -. 4 .15 -1.32 -1.1-5 

Chile .18 .004 -.63 .11 .02 -.25 .73 

C Ioribia -5.15 .21 -. 76 -5.63 .29 -1.2 -. 28 

Costca Rica -10.01 2.05 -1.98 -10.2 1.94 -1.84 -. 15 

E"cuiador -4.44 .56 -1.17 -2.36 .41 -. 98 .31 

PLru 2.82 -. 15 -1.78 3.05 -. 28 -1.84 .11 

Lrgu', Z' . /.U -. 21 -1.23 0.44 -. 31 -1.39 -. 06 

Source: Khan (1974). 
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= income elasticity of export demand (yx) 

= price elasticity of export demand (c x) 

For the disequilibrium solution, Khan's estimated export demand equation
 

was:
 

P 

=(27) 	 n Qx Ito + j1 A W + I2 P- + (l-y) in Qx-1 
x 

where
 

0 < y < 1 (to account for the difference between present and one
 

period previous exports) 

Qx-i = one period lagged quantity of exports 

A = regression constant 

A = income elasticity of export demand (yx 

W2 = price elasticity of export demand (E x ) 

estimates of income and price elasticitiesTable 4-14 gives Khan's numerical 

for export demand of eight Latin American countries using equations (26) and
 

(27). 

Khan felt that his estimated income elasticities for imports and exports 

were relatively low but were fairly similar in stve ral countries. Price 

than expected a Ir.ji and were generallyelasticities tended to be larger 

also found that more import equations,similar for n number or. countries. Khan 

as compared w:i th export equations, sWW:.' :tat i SLi ca lv s igniii cant auto

corrt]lation coefficients. Hie explains this W: _W umision oi quttiitaLive 

conf irming the view that t~cw ro N,ti'Lions are more importantr.strictions, 


in the determination of imports than oi exports.
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Table 4-14: Equilibrium and Disequilibrium Income and Price Elasticities 
( ) of Export Demand, 1951-1969x 

L Ec uilibrium Disequilibrium 
Elasticity Elasticity. LaggedCountry Constant Income Price Constant Income Price Exports 

Arguntina 3.73 .47 -. 24 4.2 .49 
 -.4 -. 12 

O! 4.19 .45 -.08 5.16 .57 -.13 -.24 

QCiiI! 1.89 -.11.62 2.?9 .93 -.12 -. 5 

!Cl :Thia 4.77 -.26.22 2.67 .02 -.23 .56 

VnN Rica .84 .53 -1.25 -1.51 .51 -.15 .57 

S'l*..dtr -1.82 .45 -.62 3.46 .99 -1.0b -1.08
 

,iPr -1.66 1.12 -1.25 
 -.49 .56 -.72 .06 

Tru:,ua" 3.11 .24 1.04 5.01 .36 1.65 29 

Skourv:e Khan (1974).
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Although somewhat outdated, Leaner and Stern (1970) discussed in
 

detail the estimation of import and export demand functions, the measurement
 

and factors determining international
of the elasticity of substirut on, 


capital movements. These authors also discussed forecasting and policy
 

analysis of the balance-of-payments usin, econometric models and the
 

relationship between internationol trade and welfare.
 

Quarterly estimates of the aggregate demand equation for 12 industrial
 

(:Juntries were calculated by Goldstein and Khan (1976) using data from 1955
 

These authors found that the size of relative price changes would
to 1973. 


not affect differently (nonproportionately) the import demand. There does
 

for Orcutt's (1950) hypothesis chat the
not seem to be empirical support 


at which actual imports
price elasticity of import demand and the speed 


adjust to the desired level are dependent on the size of the relat:ive
 

price change of the import price elasticity is independent of the size of
 

a devaluation, then a small or a large devaluation does not mean that
 

different elasticity estimates are required to calculate its initial effects.
 

(1976) study showed that quarterly estimates of
The Qoldstein-Khan 


income elastic:it v tended to be smaller than annual ones, whi.e price
 

annual data
elasticity estimates give similar value5 whether quartcrly or 


in the response of aggregate imports
were used. Their estimated time ]ags 

to a devaluation were substantially shorter than is sometimes assumed, 

an average of one to three quarters. Goldstein and Khan concluded from 

a successful devaluationtheir work that the Marshall-Lerner conditions for 


its i ther sa'ple] (Iut to
 
were apt to be satisfied for most of 1.2 countr 


of inpor.5 dumad rd.
the favorable effect of a devaluation on the quantitv 

[n a more recent study, (o1dstein and Khan (i9Y ,,)specific edc irmultanous 

demand and suppl]y e(luat i.on:s. wihicha wcre estimStted fur eight. ildutri a;export 
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countries. The numerical results 
proved to be considerably larger than
 

those obtained in other studies using annual data. 
 A linear full-information
 

maximum likelihood estimator with quarterly data from 1955 to 
1970 was
 

used for the equilibrium equations while a non-linear 
full-information
 

likelihood estimator was used for the disequilibrium equations. The two
 

studies by Goldstein and Khan are complementary because the first 
one
 

covers elasticities of import demand equations while the second one covers
 

elasticities of export demand equations. 
 Both studies use quarterly data for
 

industrial countries. The Marshall-Lerner condition requiring that the
 

absolute values of these two elasticities be greater than unity was easily
 

satisfied for almost all the industrial countries in their sample.
 

The implication of large pr[ce elasticitics of import and export demand 

is the fulfillment of the Marsha]]-Lerner condition for a successful do

valuation. Hlouthakker and Magee (1969) first and later Goldstein and Khan 

(1976, 1978) provided empirica2 evidence for industrial countries. Khan
 

(1974) did the same for LDCs. 

2) Deva!uation by LDCs 

Diaz-AIuj andro (1965) analyzed the impact of a devaluation on the Argentine 

economy and is alan cc-of-payments. He surveyed the .literatu.e on the theory 

of devaluation and sugested modifications for it to be use ful in LDCs. His 

main point was the need to take into account the impact of devaluation on 

income distribution. Although i)iaz-Ale landro recognized that the best 

approach for his task was to have a system of equations describing the entire 

Argentine economy, data and time limitations forced Ihim to rr lv on independent 

,* i atos of several key re,!aLions-;hips for his ann l :;is. )iaz-Al,.andro's 

main r ncnusion, under a comhination of elasticity and shrption :ppr;ches 
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to devaluation analysis, with regard to the 1958 devaluation in Argentina 

follow that the remedy for imbalances caused by yearswas that "it does not 

of neglect of market signals (as well as by the failure to devise a system of 

to a complete reliance on the price mechanismrational planning) is a return 

as the sole guide for resource a1llocation,. To expect that a reintroduction 

of free prices will significantly improve the structure and level of pro

duction in the short run requires great optimism plus an enormous faith in 

the entrepreneurs at the country.'' 

Cooper (1971a) generalized from the experience of 24 devaluations in 19 

different countries, seven of which were Latin American, that took place 

during the period 1959-1965. Cooper makes a conceptual difference between 

nominal and effective devaluation, the former being the change in the par 

of local currency that purvalue of a currency and the latter "the amount 

chasers must actually pay for a dollar's worth of imports and the amount of 

dollar's worth oflocal currency that an exporter actually receives for a 

nominal devaluationexports". Effective devaluation was usually less than 

because of policies which accompanied the devaluation: either exchange 

rate) or importreform (elimination of multiple exchange rates to a unitary 

of quantitative restrictions on the flow of imporLs),liberalization (reduction 

explain why devaluation for imports was or both together. These policies 

In his empirical ana ysi.Ls Coopertypically larger than that for exports. 


.ooks at the effects of devaluation on: 1) balance-of-payments, 2) terms
 

costs.
of trade, 3) aggregate demand, 4) wage-price spiral, and 5) political 

1) devalua tion is successful1 in improvingHti.s maj or conclusions were: 

activitythe trade balance, 2) devaluation initially tends to depress, economic 


.savers
because of the shift in the distribution of income from low to high 
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and the drain on domestic purchasing power, 3) not even large devaluations 

seem to worsen the terms of trade of the devaluating country, 4) devaluation 

stimulates increases in local prices of funods and services closely linked 

with foreign trade accompanied by larger than normal wage increases (rarely 

do such increases nulifv the effects of devaluation), and 5) devaluation 

seems to be associated with a somewhat higher likelihood of a change of 

government. Cooper also points out four limitations to his study: i) poor 

quality data, 2) data reflect many economic changes other than the devaluation 

under examination, 3) none of the 24 devaluations of the sample were studied 

in any depth, and 4) only the period immediately following devaluation was 

considered while many effects require more than a year to take place. 

In another paper Cooper reviewed the three main approaches to de

valuation analysis and suggested several modifications that are necessary 

for applying devaluation analysis to LDCs (1971c). Devaluation in LDCs is 

more complex than n simple exchange rate adjustment; other type of adjust

ments must also be taken into account. Four types of devaluation "packages" 

can be distingzuished 1) straight devaluation (a discrete change in the 

principal exchange rate), 2) devaluation with a stabilization program of 

contractionarv mon ,t.ry and fiscal policy, 3) devaluation accompanied by 

Mberal zation (less restraint on imports), and 4) devaluat ion accompanied 

by partial or full unification of exchange rates. He supporte, the view of 

low elasticities, at least in the short run. lie also agreed that devaluation 

ill have an iniLtial deflationary imp)act on the domestic economy in that 

it will reduce purc:ha sing power avail able for e xpend itire on doest c:t output. 

Six effects on the level of total domestic expenditure in LDCs we rv id,.ntified 

by Cooper: 1) a speculative effect, 2) a powerful shot-run .i strihtiwy 
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effect, 3) a rise in the domestic cost of servicing the external debt,
 

4) a domestic credit squeeze due to the lack of countervailing monetary
 

action, 5) an inducement for both foreign and domesti investment in the
 

country due to improved earning opportunities: in the export industries,
 

and 6) a money-demand effect due to the ruduct io in rea.l value of money
 

hold ings.
 

Cooper's general policy pre.cription was thac it may be desirable to
 

accompany devaluation with modestly expansionary policies due to the
 

initial deflationary effect of devaluation. In his words "managing a
 

devaluation through the transition phase to final success requires both
 

judgment and delicacy in handling".
 

The collection of essays edited by Frenkel and Johnson (1976) con

tained several case studies "of tests and empirical verificati is of the 

monetarist propositions. The authors recognized the limitations of 

econometric tools but also argued that the criticism of these methods is 

rarely accompanied by alternative methods for quantification of economically 

relevant parameters. Country studies for Australia, Sweden, Japan and 

Spain are included. In the case of Australia, it was found that monetary 

policy affects the country,'s int:ernational reserves instead of the credit 

market and money supply vari ables that usualv is assumed W DV under control. 

of central bankers. Swdish prices and intereFst ;Ites were shown to depend 

on world leve ls. Japanese central bank authorities have unt-rlled the 

composition of its portf o io by varying the rate of growt h of domestic 

redfit to awLvoid the d plILio of international rcscrves ; alternatiev , 

di.scretionarv cr dit-crutLion policies co.0uld maxt minimized the impact of 

reserve flows on the economy. Thu conclusionn io he cace study of Spain was 
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that devaluations are not effective unless accompanied by appropriate
 

credit policiis. it was cstablished that domestic credit expansion was the 

ma jor determinant of the evo.lution of tLe balance-of-payments. Further

more, there seemed to be no tradeoFf between devaiuation and restrictive
 

credit policies but instead between dOvaluation and the degree of restric

tiveness of domestic policies.
 

In a more recent collection of essays edited by Frenkel and Johnson
 

(1978) one of the papers discussed the effects of a devaluation on trade
 

flows and domestic prices. A general equilibrium econometric model of 18
 

equations was developed. Next, a 10% unilateral devaluation of the U.S.
 

dollar was simulated and the actual numerical size of the effects of such
 

devaluation on U.S. trade and prices were calculated. The results of the
 

simulation indicated that devaluat on does have substantial real effects
 

(real exports increase and real imports decrease, which improves the trade
 

balance) which tend to persist for a relatively long period. The model
 

took 13 years to reach long-run equilibrium in relative prices.
 

Miles (1978, 1979) considered the effects of variables including 

devaluation on the trade balance and the balanc-of-payments. He wanted 

to determine if deval.uation improves tie trade baIance, and the balance of 

payments; once government pol.cies and growth rate; are taken into account. 

Several statistical techniques were used to explore thie relationship. 

His results show that the balance-of-payment, clearly improves (temporarily) 

after deva.ua tion takes place. Government consunption tends to exert a 

ie:.,ativc effect on the trade balance. Li nalLyv, i: -net ary variabl,es were 

found to have a strong negative effect on ha I ;iiic,-otf-payments. The author 

con1Cluded that devaluation int iates portfolio ad::tmnt, a result that 
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is consistent with the monetarist approach. The little evidence found of 

an improvement in the trade balance along with strong evidence of an 

improvement: in the balance.-of-pa'ym enL. establish es tiatt iR capital account 

must he improving. 

NumeriaL Applcation 

The simplest approach toward the quantification of the short-run or 

impact effect of devaluation is to use formula (16) prsened in this 

section. This formula rtquires values for supply and demand elasticities of 

imports and exports as well as the level; of import and exports to deter

mine the change in the trade balance after a devaluation. Unfortunatel , 

no empirical estimates on supply elasticities are avai.lable due to the 

simplifying assumption that all supply functins of iports and exports 

are inf initely elastic. This assumption a lon, wit h the assumption of zero 

trade balance (equality between the value of imports and the value o; 

exports) leads to the Marshall-Lernur condition for the suc:cess of a de

valuation1, wiIre success is undeCr;tod as an imip roveiiielt [in(' t tad' balancc. 

iiaL is needed is tihe f- ii- ll nL W Lnc r I-.r os In:.sr:5hi .K:feSnri 

Latin American countries. it>; assumpt ions i:Qly that ths, ,ountries anru 

price-takers for tiheir exports (IX -'). and that teieir impolt -uppliers 

have unithiizd cap-acitv ready to i. ti.ntate p~dL iolltwi.,:2 ired (q- .i r'q 

The demand assumpti(0n1 .1; unrealist i, for Latin American countries that. 

play an importanit individui role in geiven cmiod'ti iii.rkets, e.g., Arg;t. ; 

in beef, Brazil ,,md CXiom)lia in coffee, iO ii K inS tin, Eicuador ii an:Inas, 

Mexic ) and Venezue.i ;i in oil ' I i; i , •.. . i I L .NI ; p . - ; 

'.is a more accep table aSl:; Li;JO . Equal vlu.- of ; ap ;.d ux; rio 
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contradicts the usual situation of trade imbalance on current account in 

Latin America. At best the "small-country" assumption is only partially 

valid for LIatin American cc,,ntries. 

Table 4-15 reproduces estimates price elasticities of the import and 

export domand functions Qcr eight Latin American countries. These numerical 

values shows that the Marshall-Lerner condition( l. + c 1 > 1) is satisfied 

for all but one country, Chile. If the Marshall-Lerner condition is valid, 

Latin American countries can devaluate with hig:,h probability of improving 

their trade balance at least in the short run. 



3 2 ) 

Table 4-15: Mrshall.-Lorner Condition 
for Latin Amcricin Coun-7ies 

Equilibrium 
Price Elasticities [ 

Di 
Pric 

equi 
' ILiciAes 

W urn 

impo -t [ Exports Sum [ V, rt . .m 
COunt~ry 

Im x 
Argntina - . -. _24 1.09 - 6 - 1. 

blra ii -I.69 -. 08 1.77 -132 -. 13 1.45 

-. 0 -. .74 25 -. 12 .37 

7(6iombia76 -. 26 1.02 2 -. 23 1.43 

1;i R,-,ica -. 9'i -1.25 3.23 884 -. 15 ]..91 

lL:,i-1. 17 -. 62 1.79 98 -1.08 2.0u 

P.ru -].76 -I.25 3.03 84 - 72 2.5i, 

iurtguay -].,3 1..04 2.27 - .65 3.04 

Source: han (1974). 
S(: ti:t [or meaning f LCul]ibritm di0 ii ifeu and r price 

astsi ic it i 



330 

References
 

Alexander, Sideny S. (1952). "The Effects of 
a Devaluation on a Trade
 
Balance". International Monetary Fund Staff Papers, Vol. 2, No. 2,
 
April, pp. 263-278.
 

Alexander, Sidney S. (1959). 
 "Effects of a Devaluation: A Simplified
 
Synthesis of Elasticities and Absorption Approaches". American
 
Economic Review, Vol. 49, No. 1, March, pp. 22-42.
 

Allen, Polly Reynolds and Kenen, Peter B. (1980). Asset Markets, Exchange
 
Rates, and Economic Integration. A Synthesis. Cambridge Mas..:
 
Cambridge University Press.
 

Balassa, Bela (1971a). 
 "Concepts and Measurement of Protection". In:
 
The Structure of Protection in Developing Countries by Bela Balassa
 
and Associates. Baltimore: The John Hopkins Press for the IBRD and
 
the IDB. 

Balassa, Bela (1971b). 
 "The Effective Rate of Protection: Theoretical
 
and Methodological Issues". In: 
 The Structure of Protection in
 
Developing Countries by Bela Balassa and Associates. Baltimore:
 
The John Hopkins Press for the IBRD and the IDB. 

Balassa and Associates (1971). The Structure of Protection in Developing
 
Countries. Baltimore: The John Hopkins Press for the IBRD and the 
IDB.
 

Behrman, Jere R. (1976). 
 Foreign Trade Regimes and Economic Development:
 
Chile. New York: Colombia University Press for the NBER. 

Bergsman, Joel (1970). Brazil: Industrialization and Trade Policies.
 
London: Oxford University Press for the OECD. 

Bergsman, Joel and Nalan, Pedro S. (1971). "The Structure of Protection 
in Brazil". In: The Structure of Protection in Developing Countries 
by B. Balassa and Associates. Baltimore: The John Hopkins Press 
for the IBRD and the IDB. 

Bhagwati, Jagdish N. and Krueger, Anne 0. (1973). "Exch;.nge Control 
Liberalization and Economic Development." American Economic Review, 
(papers and proceedings), Vol. 63, No. 2, May, pp. 419-427. 

Bhagwati, Jagdish N. (1978). Foreign Trade Regimes and Economic Development: 
Anatomv and Conse uences of ExchanL _Control Regimes. Cambridge, 
flass.: Ballinger for the NBER. 

Bueno, Gerardo (1971). "The Structure of Prctection in Mexico". In: 
The Structure of Protection in Developin, Countr:es- by B. Balassa 
and Associates. Baltimore: The John Hopkin.s Press for the IBRD 
and the IDB. 



331
 

Carbaugh, Robert J. (1980). International Economics. Cambridge, Mass.:
 

Winthrop Publishers Inc.
 

Cooper, Richard N. (1971a). "An Assessment of Currency Devaluation in
 

Developing Countries". In: Government and Economic Development,
 

edited by Gustav Ranis, pp. 472-513. New Haven: Yale University
 

Press.
 

Cooper, Richa-;d N. (1971b). Devaluation and Aggregate Demand in Aid-


Receiving Countries". In: Trade, Balance of Payments and Growth,
 

Papers in International Economics in Honor of Charles P. Kindleberger,
 

edited by Jagdish N. Bhagwati, Ronald W. Jones, Robert A. Mundell,
 

and Jaroslav Vanek, pp. 355-376. Amsterdam: North-Holland Publishing
 
Company.
 

Cooper, Richard N. (1971c). Currency Devaluation in Developing Countries.
 

Essays in International Finance, No. 86, June. Princeton, New Jersey:
 

Princeton University Press.
 

Corden, W. M. (1966). "The Structure of a Tariff System and the Effective 

Protection Rate". The Journal of Political Economy. Vol. 74, No. 3, 

pp. 221-237. 

Corden, W. M. (1971). The Theory of Protection. Oxford: Clarendon Press. 

Corden, W. Max (1977). Inflation, Exchange Rates and the World Economy: 

Lectures on International Monetary Economics. Oxford: Clarendon
 
Press.
 

Corden, W. 1. (1980). "Trade Policies" In Policies for Industrial Progress 

in Developing Countries edited by J. Cody, H. Hughes and D. Wall,
 

pp. 39-92. New York: Oxford University Press for the World Bank.
 

Dardis, Rachel (1967a). "The Welfare Cost of Grain Protection in the
 

United Kingdom." Journal of Farm Economics, Vol. 49, No. 2, August,
 

pp. 597-609.
 

Dardis, Rachel (1967b). "Intermediate Goods and the Gain from Trade." 

Review of Economics and Statistics, Vol. 49, No. 4, Novembur, 

pp. 502-509. 

Dardis, Rachel and Dennison, Janet (1969). "The Welfare Cost of 

Alt.ernative Methods of Protecting Raw Wool in the United States." 
-,erican Journal of Agricultural Economics, Vol. 52, No. 2, ,May, 

pp. 303-319.
 

Dardis, Rachel and Learn, Elmer W. (1967). "Measures of the Degree and 
Economic Protection of Agiiculture in Selected Countries."

Cost of 

Technical Bulletin - USDA, No. 1384, pp. 1-69.
 



332
 

Dean, Gerald W. and Collins, Norman R. (1966). 
 "Trade and Welfare Effects
 
of EEC Tariff Policy: A Case Study of Oranges." Journal of Farm
 
Economics, Vol. 48, No. 4, November, pp. 826-846.
 

Dean, Gerald W. and Collins, Norman R. (1967). "World Trade in Fresh
 
Oranges: An Analysis of the Effect of European Economic Community

Tariff Policies." Giannini Foundation Monographs, No. 18, pp. 1-70.
 

Diaz Ale Jandro, Carlos P. (1965). Exchange Rate Devaluation in a Semi-

Industrialized Country: The Experience of Aren tina 1955-961.
 
Cambridge, Mass.: The N.I.T. Press.
 

Diaz-Alejandro, Carlos 1'.(1976). 
 Foreign Trade Regimes and Economic
 
Development: Colombia. New York: Colombia University Press for the
 
NBER.
 

Evans, H. David (1972). A General Equilibrium Analysis of Protection:
 
The Effects of Protection in Australia. Amsterdam: North-Holland 
Publishing Company. 

Frenkel, Jacob A. and Johnson, Harry G., editors (1976). The Monetary 
Approach to the Balance of Payments. Toronto: University of Toronto 
Press.
 

Frcnkcl, Jacob A. and Johnson, Harry C., editors (1978). The Economics 
of Exchange tes: Selected Studies. Addison-Wesley Series in 
Economics. Reading, Mass. : Addison-Wesley Publishing Company, Inc. 

Goldstein, Morris and Khan, Moshin S. (1976). "Large Versus Small 
Price Change and the Demand for Imports". International Monetary
Fund Staff Papers, Vol. 23, No. 1, March, pp. 200-225. 

Goldste;n, Morris and Khan, Moshin S. (1978). "The Sulpply and Demand 
for Exports: A Simultaneous Approach". Review of Economics and 
Statistics, Vol. 60, No. 2, May, pp. 275-285.
 

Grubel, Ierbert (. (1977). International Economics.. Homewood, Ill. 
Richard D. Irwin Inc. 

Harberger, Arnold C. (1950). "Currency Depreciation, Income and the 
Balance of Trade". Journal of Political. Economy,. Vol.. 58, No. 1,
February, pp. 47-60. 

Houthaker, Hendrick S. and Nagee, Stephen P. (1969). "Income and Price 
Elasticities in World Trade". Review of Economics and Statistics, 
Vol. 51, No. 2, May, pp. 111-125. 

Jaenneret, Teresa (197:1). "The Structure of Protection in Chile". in;
The Stru-:ture of Protection in DevelopingCountries by B. Balassa 
and Associates. Baltimore: The John Hopkins Press for the IBR)
and the IDB. 



333
 

Johnson, Harry G. (1966) "Optimal Trade ntervention In the Presence 
of Domestic Distortions" in Trade, Growth and tih Balance of Payments: 

Ess avs in Honor of Gotrid err, by R. E. Caves, . C.iol edited 
.Johnso1 ano i'.B. K , ,p. 3-34. Ch icao : nand MZcNaillv and Company. 

Johnson, Harry E. (1977). '"Th. .NncWarV Appracht e Hualan c f 

Payments: A Nontecoiniuad Cu de". ._cna! of lntur ,aIi ,Luono MILS , 

Vol. 7, No. 3, August, pp. 251-20S. 

Junz, He1en B. and Rhomberg, Rudo1f R. (1973). Aerican icnnon.c kview 
(Papers and Proceedings). Vol . 63, No. 2, .ay, pp. 412-4 19. 

Khan, Moshin S. (1974.). "Impo rt ani xport i),wand in Developing* Countries". 
International Monetary Fund Staff fap rs;, Vol. 21, No. 3, November, 
pp. 678-693.
 

Kindleburgur, Charles P. and L.indert , 1Pura H1.( 97.). Lnzern"li,-. 
Ecoiomics, 6th edit:ion. Home'n . Ich-ard i. 1rvind 11..: .. 1 i,. 

" a-nd .__r.±li 

since 19'0 :.,n: )xfoTdi 0 n i,,r:itv Press for the OECI).
 

King, TimoLhv (1970) .e ic - . ' ion Trade Paiic . 

o a,.et-rv 
Irving*,, s.i \v ii %.ei. IlILoO , New .Jc.ndev : riro n 

Kyle, John I. (19,76). The Pa iac. menls 'cuno'. 

Un[i i ,r it I s. 

Learer, Edward E. and Ser ,\omuL ..1970). Miantta&Ve International 
icolnolics. iriS IUii :v] A,'II I;aId Bacon, In:. 

Little, ian N.D.; Sc kv:' , -Lbor; -auri _ i.C j1970). industryand S:ott 

and '1{itL i a Bone, O'C",s T a:in nton, fL Su
N iliub u ,e ai t London: 
O) .re L'.'ers; i tv Pres 1-,r tb., iievcoc)pnent Ce.lt:an thc. C) '.,In' () 

OnM, One Of
Meade, ja.ns F. (195 L) THU :B'.'.ea : o, the 
Tieory "f n lni,]rhicn fo d .'Lr'.vU, Press. 

Cc t. Inance 

of PavI'inaL . \,s 01ew II I 

Miles, Mane .A'.(",76). ,,:lunt , the .e,_ - _o 

- 1 -I

anid thc WanII:cv & ! .ea nS: Soe a .. W.< r -iJ0 U-: ia Pa 1 it I ca I 

Econu~n": Vol . , ,O. i , i l 610--2(i.)-/ . 

Nakamtura , Ronterr T. ;Nn Sh, 1'...' od , (19,(0) . The o i iic oi 

;i . N.w Y'ork: S:. X W Pri.i 

i. (1IOW "-,sl.ur: .t rI t i il International

lrI,;(h'' . ew i. ,lnld . ". 32, 2, May, 
Or:Cutt, Ciuv ). ; , . . it k n 

Ri of 1omits; .n. . Vol. No. 
pp. 117 -12-. 



334 

Prebisch, Raul (1959). "Commercial Policy in the Underdeveloped Countries." 
American Economic Reviev (papers and proceedings) Vol. 49 May, 
pp. 25'1-273. 

Robinson, .Join (.1937). "The Foreign Exchange". in: sa y in iethe 
li.to_.iv of EiQj viet, ed ited by joan Robinson. Oxford: Ox ford 

UniT[V: r> i t\' PIe,.r 

Stern, Robert Francis, Jonathan; and Schumacher, Bruce (1970). PriceV., 

n An tited ..

London: The M''' ln Press Ltd.
 
El astic cr io La ternatilonal Trade. ib bnnoioraph. 

Stern, Robert M,.(1973). The Balance of Payments: Theorv and Econon.ic 
Po!. icv. Al di e ' ut., uE:&,dern o .nomics.Chi cago: A dine 
Publ i i i n c o': v. 

Noc, u!al of 
and Vouinary:',' x!port - nts." ' ..... o ,nt .l ..

Takacs W,;tndv K. (197E). .hu nce Tariffs , !W:sort Quotas, 
ourral..... I 'rnnate . nomics, 

Vol. , No 1;, "NOW'&LY,) P ". 5 5-5 

TW lang, S .C. ( V ). 'The .o v! N nov '.nTrade- il]anc, Stab it : 
Synthesis hf anrid o .\'c"cchesA oa11)t ACmericanthlai-iciv .
 
Ec,. oo c % . ",',1 51, o. 5 , ,rCt' r , 'pp. 912-930.
 

Van do ': t,'-i,. '' , ( 1:0). "Oiu the h C(90ce of an upt mal 'Tax on 
W.r,1icul!r a.. ,,s". !own!, S.5tate. Uulvo.-; ,AulyW,.1 Amos:(,. Iow tv,:o m:. ,', 
(m Inc ,, . :' ,i) 

., P. .... ud, A. and Ka>tz e, I. (11969) . "'Possihle 'Trade ,and 

''.el... 'cc "f EEC and 'Reference Prcc Pc Icy'n 0v European
Medi'rr an Marcet. For .inter Oranges." 8n;niK Fuundation 

_ N . , )n. 1- . 

http:Econon.ic
http:li.to_.iv


335
 

CHAPTER 4 ANNEX 

ANNOTATIONS FOR KEi REFERENCES 
ON INTERNATIONAL TRADE POLICIES
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Balassa, Bela (1971)
 

"Concepts and Measurement of Protection" 
In: The Structure of Protection in Developing Countries by B. Balassa and 

Associates, pp. 3-25. 
Baltimore: The John Hopkins Press for the ]BRD and the IDB 

'The nominal rate o rprotection oe7 a given product is defined as the 

percentage excess of the domestic price over the world market price due 

to the application of protective measures. The effective rate of pro

tection is defined as the percentage excess oF domestic value added, 

obtainable because of the protective measures on tLu product and its 

inputs, over the world market value added. The effective rate of protection 

is shown to depend not only oi tariffs on Lnput.s and outputs but al>o on 

the share of value added in the product price. Effective rates of protection 

will be iii gher, equal, or lower, depending on wlether prodtuc t tari f s or 

subsidies are greater than, equal to, or less than, Lhe average rate of 

tariffs on material inputs. If tariffs raise the cost of material inputs 

b y a larger absolute amount than they raise the pri(e of the product, 

the effective rate of protect ion can be negative. 

A protectiv_ Structure peirmit: do,,it industries to opera with ae 

value added h i than that under frce trado, and p ro'idi incn i yeS far 

the movement of dlO i11c rpso{llrses (land, iKhOr. andc;i i tol) into pro

tective industries. A ranking of activitics v effe(tive rates olf protection 

will indicate the oIat.iv. inrnecm t i, n ri.. i ,. ,rt :'t ion . Te concept 

of net . isot...intlducuc .djlu t for differitrenceeffective 10? i- te ti 

between the actulil, ad the iree-tradce c'., .. e rate. Ihei exchanIOge raet 

)bseved under protection cnds to (vra\cvlu Kile d.mestic cudlrrenc'y (l he 

inmposition of tariffs permits balance o1f pa,:y:mnt:, cqlui] ibriui at a lower 
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exchange rate), and thus effecting rates to overstate the extent of pro

tection. An overvalued exchange rate also discriminates against export 

activities since export producers would be receiving fewer domestic currency 

units (pesos) per foreign currency unit (dollar) than they would receive 

under free trade. This bias against exortin. (favoring production for the 

domestic market, or import substitution) is measured by the percentage excess 

of domestic value added in import substitution over that obtainable in 

exporting.
 

Information on the value of output, the value of material inputs, and 

the value added in individual industries under protections was obtained 

from the domestic oneu,-output tab]es of the countries studied. The need 

for world market (free trade) values rises because of the distortions 

onroduced by :ro-ectuEve measures which induces subs titution among inputs 

or between input,; and prirlrv factors, resulting in different physical 

- Ott coef 


"Nowr-d m-ts, such as construction, gas, electricity banking, 

water, ctm=:W:;cat,mn: :nd insurance, are treated diffcrent lv than material 

inputs,-; v.n valu ,ting the rate of protection. The difference comes from 

-u a ;,et, ion:-y PMcc. with respect to the[r do ,estic price ea ticitv. Two 

atMrnativO assums 'ons were made. First, th~e Corden mShod, which assumes 

that the basic primary f ctors used in producing,non -traded inpu'tsa are also 

used in producN, traded nputs, so that the ava lab!.: am!Oount uf these 

Wp -lI t icients. 

facors ..Mit both kinds of activities. Thlis method includes value added 

in the production of nom-traded input with value added in Procc-;i;in L_ 

the industry ,in cuestiin. Secondly,, the 3Pala-::: mthud assumes that non

traded Lnputs are supplied at constant costs and 'On t thuir prices vary by 
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the amount by which protection increases or decreases the cost of material
 

inputs used i.n their production. This method considers that non-traded 

inputs have a zero effective rate of protection. 

Three major areas of application of the effective protection measure 

were mentioned by Balassa: first, as an indicator of incentivc effects 

based on ranking each industry by its effective rate of protection; second, 

as a measure of th cost of protection indicated by the excess of domestic 

over foreign processing costs; and third, in the evaluation of alternative 

investment projects. Project app raisal would reflect the ranking of the 

projects according to Ie domestic cost of foreign exchangc aved in import 

substitucion or earned in exporting. 

Balassa, Bela (.971) 

"Thu Effective Rate of Protection: Theortic;. and Methodologica] issues". 

in: T he Sr.ructure uf Protection in Developin.n Countries by B. BM]lassa and 

AssociaLs, pp. 31 5-339. 
Ba.timore: Thu .hn iHlopkin s Pruss for the DBRD and tLh M.1B 

Ba las ;a def ined t:he concepts of no minal and ef fecti\,e protection n 

Lhe framework of a partial equilibrium model assuming: 1) zero elasticity 

of substitution amo0'ng inputs, 2) product i,,n su a ct to cons tant returns to1 

scale, 3) factor prices arc i vca , 4) pure compce.tition, 5) no transportation 

cost, and 6) infinite ioreign demand elastic tv for the country's exports 

and the foreign suppiv elasticity of its imports. 

Forml Ias ire presen ted to calculate the effectivu rate of protection 

using either domestic or free trade input-output coelfficienlts. Another 

formula is presented to take account ol dii f .;, indirect taxes on the 

domestically produced variety and on imports of tho same good. 
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Formulas for the Corden and Balassa methods for treating non-traded 

goods are presented. The difference in the Corden and Balassa methods is 

the cumulated value added elements of non-traded inputs in t,- denominator 

of the equation. 

Formulas to evaluate the net effective proteuction rate by estimating 

the extent of ov,"7valuation of the exchange rate are als, presented. The 

extent of overvaluation requires the calculation of the changes in exports 

and imports due to the e-imination of protection measures and then the 

groportionai deval uation nece ssary to cover the defici.t In the balance of 

payments. Foreign trade elasticities are crucial for the deval.uation ratio 

formula although their assumed values seem net to affect drastically the 

results. 

Anothtr formula is presented to calculate the bias against exports 

us ing free trade input-output coefficients. Input substitution is discussed 

in a partial equilib'rium framework mentioning the direction of the bias, 

if any, in estirnti ng the effective protection rate when substitution occurs 

between or!marv !i'ctors and material Lputs, among material inputs, or 

f(ctors., a briumamong primarv In geoneral ] hqu fr;mewework, protection 

effectsWK ae.pl acc not only througl chlnges in ,product pr -c0, but also 

through changes in factor pricc::. Miiassa conc.Itded th:at in LUC- the 

product pri ce effects are large enough not to he reversed by n-;: tor price 

fRects and lcav the ranking by effective rates unchanged. 

AYn]lv, a Formula to calculate the cost of foreign excLange due to 

protect ive measures :s presented in terms of tUP sum of direct and indirect 

domestic resource cOsts incu rred in domenttc p rodlctio d vided yh-tLhe 

difference between th fore in price of the p:rdn ,and the foreign exchange 

cost of dret and idir.ct i"orted nputs. 
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Balassa, Bela (1971)
 

"Trade Policies in Developing Countries," American Economic Review (Papers
 
and Proceedings) Vol. 61, No. 2, May pp. 178-187.
 

The author analyzed the effects of trade policies followed by Argentina,
 

Chile, Brazil, Mexico, Western Palaysia, Pakistan, the Philippines, Taiwan 

and Korea. These countries have employed many trade poJc Les including 

import tariffs and surchairges, export taxes and subsidies, multiple ex

change rates , and quotas and 1i.cenSes . The aI]oi;a LoLn of Lesources are 

influenced by these measures wiich affect relative prices of inputs and 

outputs and provide incenLives--ur 0isincentives--to import-substituting 

and export activities. The protection of imanufactured goo& . an ibLcrimina

tion against primary exports usually no hand-in-hand. T7h, Lrade policies 

followed, together with changes in world market conditions, ,arg:v explain 

intercountry differences in the rate of growth of primary exports. Less 

than 3 percent of manufactured output and at mnst 10 percent ) total 

vxports is accounted for by manufactured goods in countries where there is 

a substantial bias against them. 

The uxp,ansion of export.< contributs to economic growth dir:ctly by 

raising nation"! income ana inidirectly b' providin rcn ex-chiange for 

tI ilmport needs of the doms tic conomn;. An export-orien L , policy a2_so 

permits specialiZatiin according to cumpnrat ivc advant a. .ri-s lower 

costs by usingl irge-scalec prodtuction methods, reducIhic; product \'ariwytv, 

and part icipating in tbe internaLtionaL di.ison Af the prodU;L)iOn process. 

Incent ives for chang produCt im)rnv,.lt n fromt[cnlloogical and arise 

LpurL , 

economic growth in particular cases by re)l.aciNlg tho imports oi nlonfdurablC 

participaltion in ioreign lariL~t S. i. uhno. Lu iOn can a oi', ,f 

http:im)rnv,.lt
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consumer goods and their inputs by domestic production. This requires 

mfainlv unskilled and semi-skilled labor rather than sophistictated tcchiologv 

and many inputs from auxiliary industries. The limted size of national 

m;.rkety is not an important handicap in this case. The main drawback 

Comes whUt. all such goods are replaced and then intermediate product; and 

capital goods are to be replaced. This is much Pore diffic-, dup to the 

characteristics of such products. Balassa concludes, after considering 

the different countrv experiences, that the protection f the mnufacturing 

sector may permit rapid growth at an early stage , f import su:stitutin but 

will eventual]v have adverse consequences .T.or tn omic grothh. Also. on0ce 

an industrial structure is ustab Lishd by import .-ubstitution, changing 

it becomes i ncreasinlv difficult. 

Gue.. ilines for butter trade pol ici es by LDC;s are given. in the case 

of tradit oal! orimarv exports -- where LC do affect in e-mato nal. prices-

the revvan C (c. isdeiiol rulu. is to equate margilnl co.sts t.em rg.,i nal. reIvenue 

of exports. This can o accotpli-shed by an exporttax qet ;t a rate 

.,fOij' . IV, 1,,t iity of worl d demirK the nou;1 cV' Ohare .in world 

c, uorts, and t. ,ossib e re act ions of fore:,' op tpt ors. Ni,,--,t 

!nduLrt '._ctf, in ofMte the ,usLtifloiat bn for favori'ng lnin .attrlip 

Fodus tr s over ntl radit'onal ,)r irn;cv prdcluCti ,'U. M t)lO u!W .. A' !,:t-on 

'ubsid is have advantages in theory over prote: on., hudget, ',ns!t. "aits 

mav expilain ' In. , PV t he latter 'n .Cs, ,hen a oarteu,w - .;trt .on or 

cost disab iiiv needs to he corrected, tihe pr:erun,, for sbh:id'u; ever 

proltection Q HtyL ln r; that is, specific' an ion dulin i:' r ,i' 0lth0I, -Mr 

the. problem is alwavs better. There seems C, (0 2,. ;tdo'clt;1:,,- *.InI t 

mlanu'factur'ing offe rs ov.:r pr in'a my productio n in 15, tfL 1 ,la'rl ;tr i,, 
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as well as in encouraging the expansion of related industries. This justifies
 

the promotion of industry in LDCs both by protectin,; production fir domestic
 

markets as well as assisting firms in exporting manufactured goods. BMJas,,a
 

specifically suggests that the net effctiv proLection rate of manufacturing
 

in LDC should be reduced to approximately 10 percent as it is in Denmark and
 

Norway. At most, the rate should be no more than double that for mature 

industries.
 

The scheme described above may be iml:-emented by using a basic exchange
 

rate for nontraditional primary products, export taxes on tradiLional primary
 

exports, and a combination of tariffs and subsitdi es on manufactured goods. 

The same result cou]d be achieved by applying differential exchange rates to 

the three groups of commodities, with furth~er ,todustments made for differences 

in the elasticity of demand among traditional. primary iixportss. Pli.tical 

and administrative feasibility need to be considered when deciding which of 

these alternatives to follow. 

Balassn, Bela (1973)
 

"Tariffs and irado Policy in the Andean Common Market", Journal of Con'mnon 
Market Studies, Vol. 12, No. 2, Dec:ember pp. i0-05. 

Existing tari ffs in th individual mcmber countrie; of the Andean 

(,roup rcprieseu t te hi sLtr ical result I acrtitonl.ti ona Lk.,t at L tilM.s(I M 

and for dif furcnlt purpes. Their taiff St ucurues she'w' a crn:. drabl 

degree of haphazardness and much dispersion. M'Ine Andncaa CoUIIon Markur i.s 

considered to have'a unique op)portulity to set a rational t;ariff ;tructur 

Lhat would appropriateJy sLive tie objOc&_C of acceleratio n of a:UuInoicL 

growtih or al ternat ively to min i.nmize t he I .aq-term d MeoLI c cst of carnlnIo 

(savi g) foreigpn exchan le (Q ua.ing, in the margin , the domrsti- cost of 
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foreign exchange in all activities--whether in exporting or in import 

substitution).
 

The conditions for free trade are not fulfilled in the countries of
 

the Andean Group given that not all export demand 
 from member countries is
 

infinitely elastic. The optimal use of 
market power wKIl involve either 

.txxy:ports that face less than infinitely elastic foreign or applying
 

a tariff-subsidy scheme on other activities. 
 Besides the elasticity con

dition, other reasons for differential incen -ives to manufacturing industries 

are the indirect- benefits in the form of external economics and the infant 

industry argument, but on a temporary basis only. Discrimination against 

exports will provide incentives for the expansion of high-cost import sub

sti tuting industries. 

The optima! export tax will depend on a variety of factors, and not 

just the e lastic ity of foreign demand. The effective rates rather than 

Le nominal rates (tax as a proportion of the export p:icc) are r2levant 

;ince Lne" 'npre.s Q;u margin if protection on value oddedin the production 

pr44u5es s rat e.r thnn on pr icu a l one. Equal effective protcvtion to all 

du-tr's is a uod g;enera] iceP c it Ke infoimation is available 

"n oxtcrnal .con(OT',.I 's in manufacturing ndd trc.eS 


In practice it is comnli ca ted to 
 cal culate opt il nomina! tarif Fs
 

pd export subs idius on particular 
products that will providu effective 

protection at rates to aW! mnnuracturing industr i;es. Tho muii mmweq';ul 


common e.trna I tari ff set for the Andean (roup has been derived hv setting 

tariFfs for nine staqes of proCessin'. The w_culat ion reoui -d information 

on :Y'Lberia] input and value coefficients lot rid.i(h.Iai (romr, itIcv:added , 

wh'ic were not ;v ilable for ',. Group 's countrv :5'. :' . "or row(d " 
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coefficients from Belgium and the Netherlands were used and supplemented by
 

information from the U.S. and UNIDO. Technically t.wo approaches were combined 

to obtain nominal rates: one on a commodity-by-conmnoditv basis from lower 

to higher stages of processing and the other by invertian the complete 

input-output matrix which incorporates the desired effective rates. Both
 

approaches are subject to considerable errors which suggests limiting the
 

dispersion of tariff and subsidy rates.
 

The adoption of common tariffs, export taxes and export subsidies, the 

abolition of quantitative restrictions and other protective measures, and 

the application of flexible exchange rate arrangements supported by guidelines 

on tax, credit and expenditure preferences is recommended for the Andean 

Group to succeed in accelerating its economic growth; chat is, cemove 

the sources of distortion that lead to a misallocation of resources in the 

member countries. 

Balassa, Bela (1977)
 

"Reforming The System of Incentives in Developing Countries'
 
In: Policv Reform in Develoinjg Countries by Bela Balassa, pp. 7-29.
 
Oxford : Pergamon Press
 

After World W..alil, i nuhDcr of Ii iC: adopted a s .riL ug,, Of import

substitUttion indurstria i:att on (1S1) nciind Klan rrotc Lie baxrriers. The 

measures applied contI ributed to the expansionof man ufatc:tri industry but 

often at a considerable cost to tle national econo,' in the form of .in

efficiencies in til aiioc;ation of econominC resource:-;, includinag now invest

m.nts. nt Ic( itos e d i utrll , ill prold( t and "aCLOtresulted -Iromi 

(capital. and 1aim r) prices tihat :ci:at- 1a d,w v. OL.in the rivait and tht 

social profitability of part icular :MW, ina erciihiies.product La ruc 
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Distortions in capital markets may be due to governmental action or 

their own imperfections, reflected in the dispersion of rates of return 

on alternative investments. The sources of thusc distortions are: 1) high 

and unstable rates of inflation, 2) the tendency to keep nominal interest 

rates low, and 3) credit rationing. These distortions can be eliminated 

by a monetary reform. 

Distortions in labor markets where high wages and social benefits in 

large-scale industry may also adversely affect agricultural production as 

migration takes plaue in response tc the adverse wage differences. This 

difference between market and shadow wages could b' solved by subsidies to 

the use of unskilled labor in the productlop plrocess. 

Public utilities are orten underpriced in LDCs in the sense that the 

price does not cover the social long-run marginal, cost- ad-usted for consumer 

surplus; its rat ionali zat ion will contribute to increase emp.loymen t and 

improve income dilstribution as well as to efficient resource allocation. 

Prote:,ctivc measures employed within the IS! scheme. nart rom tho 

bias u aluc;A :; expo.: ts ' ."\A, optimatll';".I "rotV t ion 

t aing ;ttrcount cf a,;w..'ould rqui', k'. O f the interdepe.ndence the measures 

,. as their Wtcts on resource alloct.:on aPd the balinne of payments. 

For purpose-; A) p)roteOction, tariffs are superior to ,uantt ativ, restric-

Lnols. tLu latter being .sed with advantage on 2y in case of .A anrgenr','y. 

Tariff.s * ' automaticallV applied with lower ad.:i.istr-tiv cost and con

tribute to g,.'v. rmnent revenue ; they a'o r. in ,,vine the :aucmnt- for br iberv 

that oX i 51: in a qota0 system. E'xport ':01W nys W! hWI m ;7.( hy levv.Lng, 

an1texpoft t.: so that mr;i ai1. rev.nue in ,x.:-:' n,i " 1.1u ,'. z, r". Ire 

ferential treatment for manufacturing activities slru!d N ;ranted only 
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when they generate external economies. A tariff cum export subsidy scheme
 

is preferable to production subsidies when the adverse budgeting effects
 

of the latter are considered, despite the distortions of the former on
 

consumption patterns.
 

It will generally be preferable to accord special treatment to certain
 

industries in the form of direct subsidies rather tiian higher rates of
 

protection, the cost of protection representing a loss in productive effi

ciency. Equal protection at relatively low effectve rates should be
 

granted to all manufacturing industries and let competition do the 
rest. 

The effective rates of protection on an industry should not be ovor 1OZ. 

Infant industry protection, due to imperfect capital markets and the risk of 

a temporary oLa is to avoid indefinitely
bankruptcy, is acceptable only on 


protecting inefficient activities.
 

For countries with an already established industrial base, reform of
 

is to be carried out in two parts: l) a compensated
the protection system 

devaluation accompanied by the imposition of optimal export taxes, and 

2) a longer-term refurn of tar..ffs and subsidies With changes according to 

a time table determined in advance. Ths ncind part i L simpli fy and 

rational;Wc. tLe rt:CCUr O" PrOECL[on. TorgLs and annual ci1W',Cns should 

he made pu:li:c in advance. A f]eiblo mch'Ciinku rate pol icy to keep the 

real exchange rate o .onstantlis also suggeos-ted. 

These measures would improve the efficiency of resource allocation 

and the growth performance of thIe cr noiv whii]e in rrcasing empo0vment 

through a shi.ft from re_ative lyc it:l - rniut import .1;ubn t it i otf tosive 


labor-intensive exports. li lter -npA.1'n',Mot, rductions in .ccn; prof its 

in protected industries, and higher prices o simall-ca.lc prcducers iln 

agri.cul t: uri, would a Iso bri ng improvements in the d i str but ion of incomes. 

http:simall-ca.lc
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Bhagwati, Jagdish and Krueger, Anne 0. (1973) 

"Exchange Control, Liberalization, and Economic Development" 
American Economic Review (Papers and Proceedings), Vol. 63, No. 2, May, 
pp. 419-427. 

The National Bureau of Economic Research (NBER) sponsored a major 

project on quantification and analysis of individual developing countries' 

experiences with exchange control regimes and attempts at liberalizing 

those regimes, focusing equally on the interaction between the country's 

trade and pavments regime and its economic duve1opment. The countries 

included in the NBER project were: Brazi, Chile, (ColombLa, Egvpt, Ghana, 

India, Israel, South Korea, Philippines, and Turkey. This paper synthesizes 

the overall results of the individual studies. 

Each country study attempted to identify: 1) when and why the exchange 

control regime was adopted and how it was intended to relate to tihe country's 

ecunomic goals, 2) Lhu volution Cf the quantitative restrictions (QR) after 

their initial im'osiltion, 3) efforts to ameliorate the unde-rred results 

of the pa.ment.s regime, 4) experience with a'tnmpts at .l.iberalization 

and the timling of Lhe oconum' ' .- response to those attumpt:s, and 5) the 

resource-a 1ocas-i nal, income-i.s tr iim ._ma I , and gr ,ttt effects of the 

country's eoperiene(0. Th a'Otlrs were srwrise! at tile ue'ret )f similaritv 

among seemingly diverse contri. . Ini .!8 adopij.tion of exc hange controls 

was generally an ad hoc rcsponse to e-:tern uve:nts. Within th is proct-ss, 

the internal working of the OR s,,' tem.i g:eneral.y frustrated, at lca.t 

partiall, the verv domesL ic goals they were des igned to achieve. Countries 

which have had export-oriented deve lopmen t rat ogles appear, bv and larg, 

to have intervened vLrtuallv as much as "'chat ici 4"'' on th -e 01f o

noting new exports a; other (o)ntries hav on te si de of imp,,ort suhsitution. 
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There are four theoretical reasons why export promotion (EP) may he a
 

superior strategy compared to import substitution (IS): 1) the costs of
 

EP are more visible to poiicymakers; 2) an EP strategy entails relatively
 

greater use of direct interventions; 3) exporting firms must face price
 

and quality competition in international markets; and 4) with an EP
 

strategy, firms are able to reach adequate size when there are significant
 

indivisibilities or economies of scale.
 

A widc dispersion in effective exchange rates (the amount of domestic
 

currency paid when a good is landed per dollar of c.i.f. value) by commodity
 

categories is the result of QR regimes. Even without a formal devaluation
 

there are many degrees of partial devaluation in QR regimes. Changes in
 

the parity, as reported by the IMF, do not necessarily reflect adequately
 

the economically relevant magnitude of the devaluation.
 

Liberalization may be said t:o occur w,,n the of;fi-cial price of foreign 

exchange assumes an increased role in the allocation of resources, whereas 

devaluation occurs whenever nominal exchange rates are altered. Liberaliza

tion works only insofar as imports of noncompetitive goods are involved 

and the degree of protection to import-usin ,.indus tries may even increa se 

as imported in'termed. i ates are Jiberal ined, Au elect of liberalization 

is often to induce a rucessiona:v tenadny' r riher tian the tradiLlonaliv 

feared infiationarv impOCt. The intera c'tion S tweeln the: payment4s regime 

and econumic growth is complex and depends on a host of other factors in 

individual countries. 

it is always true that every quota has a non-negative tariff equival-ent 

at each point in tifme for every recipient oi an iWon))rt license. But it 

is not always true that there is a single tariff-equiva lent for r quota 
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for a given homogenous import commodity. And it is generally false that 

the resource-a]locational effects cf a quota are the same as those of the
 

tariff-equivatent. The reason for the latter is that resale of imports
 

is usually illegal. 

The method of license allocation has important effects on resource 

allocation and income distribution. The difference between the c.i.f. 

price and the domestic price is the costs incurred by the actual importer 

and the prem .ur that accrues to the recipient of Lhe import license. 

The precise allocation of the licenses determines who receives the premium: 

1) direct producers or imports. The calculation of effective protection 

must allow for the fact that some imports may be obtained at both premium

inclusive and premium-vxclusive prices. 

OR regimes have an internal, self-contradictory logic. The tariff 

equivalent of ex isting quotas tends to fluctuate widely and the unintended 

side effects of (,R's tmd to force other changes. Once a QR regime is 

estabilished, quotas start to be used to accomplish purposes other than the 

ini tal oln,' (,f restraining ex ante payments inbalances. OR's have been used 

to provide powe rful profitabili.y incent..,es for p)roduc tion capacity regard

less of thii. social opportun Ltv costs, Not : K firms were found to be 

inefficient but the ma ior defect of Lhe QR system seems to he its inevitably 

indiscriminate nature.
 

Most OR systems have tended to become increasingly a tua]-user oriented 

to avoid spculca tion with licenses. The problem appears when firm capacity 

is used an the aSl catfun criteria, which O.n encoura;ges excess capaci tv 

and little, comp e'. i . The .ndustry's (utp,.u in,closely Lid(to thme imports 

of intermediate mcods alliocated by licenses. Wcvus;tr enit :icuns ing; is then 
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used to limit excess capacity but it insures the growth of efficient and
 

inefficient firms alike. This inability of QR systems to foster relatively
 

more rapid gro.wth of more efficient firms may well be one of the gravest
 

drawbacks of the QR-IS development pattern.
 

Corden, W. M. (1966)
 

"The Structure of a Tariff System and the Effective Protective Rate"
 
Journal of Political Economy, Vol.. 74, No. 3, June, pp. 221-237.
 

Corden makes the following assumption: 1) physical input-output
 

coefficipnts are all fixed; 2) elasticities of demand for all exports and
 

supply of all imports are inf.inite; 3) all tradable goods remain traded
 

even after tariffs and other taxes and subsidiis have been imposed; 4)
 

appropriate fiscal and monetary policies maintain total expendinure equal 

to full employment income; and 5) all tariffs and other Lrade taxes and 

subsidies are non-discriminatory as between countries of supply or demand. 

The effective prot e(:tiun rate in dind a pvrcunrae increase in value 

added per unit in an economic activity which is made possible by the tariff 

structure relative to the situation in the absence of tariffs but with the 

same exchange rate. It depends not only,o,, the rariff for the commodity 

produced by the activity, but also on the input coefficienits and the tariffs 

on the inputs. The nominal protection rait o, " final good is " weighted 

average of its own efcctive rate and the tariff rate on its inputs. Tariffs 

on inputs of inpu.ts of a product do not affect its effective protect rate. 

Effectiwy protection rates can be ca .cIu I Led houh for import abI e as well 

as exportab.l.e goods . Taxes and subsidi-es on domestic production or conSUMpLI'n 

of tradable goods also affect effective prtec tn rates. )u L'ti_h ltuv, 
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protection rate for each activity, is calculated, they are ordered on a 

continuous scale that, with the production-substitution easticities, de

termine the production effect. The consumption effect depends on the 

nominal tariffs on final goods and consumption-substitution elasticities. 

The exchange rates need to be considered in the analysis when non-traded 

goods are introduced to keep balance among the relative prices of traded 

and non-traded goods. 

Corden identified four different concepts of industry protection: 1) 

if its nominal tariff is positive, 2) if its effective rate is positive, 

3) if its net effective rate (taking into account the exchange-rate) is
 

positive, and 4) if the value 
added in an activity rises due to the protect

tion structure alter an appropriate exchange-rate adjustment. 

Corden, W. . (1975) 

"The Costs and Consequences of Protection: A Survey of Empirical Work" 
in: International 'rade and Finance Frontiers for Research, Ad fted by
 
Peter B. }_:ciic , pp - 1
 
C('mbrJdg: Cabridge, University Press
 

Aftvr , r.d .'ir II, protection by import quotas and exchange control 

has been more important in LDCs than in MDCs. The cost of protection
 

consists of a pro'duction cost and a consumption cost. Relevant points for
 

empirical work on the cost of protection arL: 1) the use of a constant

utiHity demand curve for the consumer's surpl,us calculation; 2) alterna tive 

meanings of cost; 3) the assumption of :ien terms o! trade , valid only 

for the small coun try case or under reciprocal tariff rad uctions: /) tle 

assumrption of balance-of-p.yments equil.ibriumn at JAll f;es or at least a 

com;tant (lefict or sur:lus; 5) consideration o" thyp ratical imp] Ic;at (R)ls 



of the multi-commodity case where tariffs are not uniform; 6) market demand 

and supply curves cannot be used when studying the effects of some tariffs 

or quotas wile others are held constant; 7) adjustment must be made in 

the presence of an" divcrgence (distortion) between privLte and social 

costs or benefits; 8) calculations are static while the "cost-reduction 

effect" of trade is dynamic; and 9) static costs always seem to come out 

"small". 

The effective rate of protection concept is attractive because it 

allows a single figure to sum up the net result of various trade and other 

taxes and subsidies affecting any particular activity. Several aspects are 

to be considered when effective protection is caliculated: a) when quotas 

are the principal method of protection, comparisons beu,'.een domestic and 

world Pri.ces must be made in order to obtain implicit nominal ratis; of 

protection; 1) even when Lariffs alone are used, there may be much tariff 

redundancy, requiring price comparisons; c) avawilable input-output coefficients 

in most countries are rarely sufficiently disaggregated" d) all effective

rate calculations involve tariff averaging of some kind; and I') the treat

ment of non-traded inputs his been soiown to ,iial-,.' a.i conslerbile d.ifference
 

in the resuls. Toe treatient: of indirect L_±X5 i : l.s kipo rL;at1nt..
 

ete Lye of- potee ives i mdicti.n0 of
Estimat ion of ve rates t.ion a, 

the direction of resource pulls of the proteccion structurj anod :since factor 

intensities differ be twetn act vi. ties, also of functior.:, or sectoral il

come distribution 'ffects. The extent oi protccton--tie si!e of the bias 

against e:.:port is s,:o.'n by average effective rate_s for import-conpe ting 

manufacturlng--is also important. 

http:mdicti.n0
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The main argument about optimal trade intervention in the presence 

of domestic distortions is that, when there are divergences between private 

and social costs or benefits that are domestic in nature, first-best policy 

is never to use trade intervention but rather to tax or subsidize directly 

at the point of the divergence. The only first-best argument for tariffs 

is the optimum tailff (terms of trade) argument. This really suggests 

that, if there is any valid basis for intervention at all, subsidies of 

various kinds should general1,y replace tariffs. 

Two arguments provide some basis for assisting manufacturing indus

tries in LDCs: 1) the infant-industry argument based on either internal 

or external dynamic economies, the former rests on imperfections either 

of private information or of the capital market while the latter rests 

on the inability of firms to retain the labor they train, 2) the wage

differential; argument that rests on the difference between the shadow 

wage and the actual wage faced by the firm. In both situations, a tariff 

is not the first-best solution and subsidies would be better solutions. 

Trade L[beralization needs to take account of "dynamic" effects of 

trade and protection such as; economies of scale, X-efficiency, and com

petitiveness. Four hypothetical reascms ar. given by Cord!n an to w y, do 

countries actually protect their industries: 1) some LDCs wanr industriali

zation for .its own sake; 2) it reflects the trtumph1 of producer over consumer 

interests, of the tightly organized small group ever the d i ffused larger 

group; 3) in the U.S. tariffs seem to protect the "scarce'" factor; and 4) 

through h istory the aim of protective poli~cLes has been to maintain sectoral 

incomes. 
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Corden, W. M. (1980)
 

"Trade Policies"
 
In: Policies for industrial Progress in Developing Countries, edi.ted by
 

J. Codv, 1l. Hi ghes and D. Wall, pp. 39-92. 

New York: Oxford University Press for the World Baok. 

createIndustrial growth requires large imports of capital goods that 

balancepressures on the balance of payments. On tht other hand, a weak 

of payments situation may require measures such as devaluations, quotas, 

and others that contribute to industrial development. Corden assumes in 

that a current account deficit needs to be reduced throughhis chapter 

monetary and fiscal policies.
 

A switching of iAttern of output and expenditure accompanies these 

policies since a reduction of expenditure also redu:es the demand for 

nontradable goods, and resources of this sector have to move into the 

tradable goods sector (import-competing and export goods). This switching 

about by markeL forces throughin pattern of expenditure can be brought 

due to the gap between supply andchanges in relat ive prices and wages 

demand. Thu devaluation of the exchange rate helps in this process; by 

of cradable goods with respecL Lo nontradabluchanging the relative prices 

goods. Devaluacion has a "protective'" effect, according to Cord en, in the 

the indus trial sector will expand at expense of the iontradablesease that 


sector. Deval uat ion is neut ral among import-compt ting and ,ip.'frL ACLC '-.
 

since both belong; t:o tie tradab]e goons sector; it is the nontrauLabe go 

sector which carries itch expeLse of the texchnge ratec dutv.,i luion. TilCe 

a un, iform export subsidv thna isis a combination of a uniform tarMi and 

equivalent to a givn devaluation. An im orL quWt.i vSxtOm in an aMIcurnat.ivc 

switching device for moving resources from i:mports Lo i;mport-competing 

goods and nontradabies. 
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Devaluations are preferab7 switching devices to accompany a expenditure 

reduction required to cover a deficit in the balance of payments of an economy 

working at fu! capa:itv to import quotas. Devaluation is a price mechanism 

which is neutral with respect to imports or exports wile import quotas only 

affect the former. Import quotas protect the import-competing sector relative
 

to the nontradables 
 sector and the export sector while devaluation does so 

only relative to the nontradables sector. However, devaluation may have the 

short-term: effect of worsening the terms of trade of an economy With exports 

that respond only slowly to price changes. Both devices have infl ationary 

aspects by raising the cost of living. The main difference among them is 

that devaluation causes profits Ln the expirt industries to rise, while quotas 

generate extra profits for holders f import licenses. 

Corden discusses then principal instruments of protections under the 

assumption Ant the halance of payments is maintained in equilibrium by 

expenditure ad u:tment and exchange rate po icv. The main prutection in

strumnt is the import tariff, which increases the production AJ .mort

competing fnius tries , ncreases t: e prics d1005sti c consumr a., Aicreases 

the profits of import-compu ting_ ndustries, decreases tot;al aount of con

uption and imrFport s, and cruatn ,a revenue 
 to Se treasury; . A consumption 

or sales tax on consumrs, the rvpue of which roes partly to the troasurv 

and partly to finance a AubNi-' to Wmport-cump-.tn industry w,,uld bA 

equivalent. The hasiIc a rgumenot i s that protect ions means a ,ring; some 

industries relatfvp to other industries. Tariffs cause the reshuffl ing of 

resources and A1so of rla it a 

the whoL.e system of tariffs , and not just one twri nn !Lts own. 

iln of s ; is ucessrv to tak:e into account 

http:Wmport-cump-.tn
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Import nuotas have similar effects ;o tariffs since they limit the 

quantity of imports and raise their prices. Exchange controls differ 

from import controls because they apply to all demand for foreign exchange 

and also becaase they are administered by the central bank and the banking 

system. Export subsidies are another instrument of protection. They raise 

prices received by exporters. They are financed by the treasury for exports 

and by consumers for domestic sales. These subsidies may be granted through 

several forms such as a muitipie exchange system, preferential e.zport credits, 

or even giving exporters preferences in the award of import ]i Oeases.Export 

taxes are not protective because they reduce exports although they raise 

government revenue, which probably is the main reason for imposing them. 

Fxport subsidies on exported inputs will provide negative protection for 

input-using industries. Export ta:nes on these inputs would provide positive 

protection For those industries which use them. Mnltipicu exchange rate 

systems may haee either protective or anti-protectivo e e.cts and can be 

sbown to he equivalent to a set of taxes and subsWdies on Anyports and exports. 

Equilization levies, tariffs that vary as world prices caange so as to 

maintain a desired level of domestic prices, is another protective device used 

b, some countr ,u,. F i na 1 y, pon 1ing o r jiia!nr_ .e .sches: and (jamOst c

content schemes are also menLionad by Courden as proCect iV' devices used by 

LDCs. The author stresses that proterrion [s not th.. only road to industrial 

development, and trade poli c i es can Ioster such dev lopment by ma k i ng tihe 

economy work more efficiently. 

Corden discusses the arguments that justify the protection nf manu

facturing indu.stries at twe expense of oth~er s ctor' of toe economy. Some 

countries have a protection structure :,ut up where vested i 0 erest s may not 
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permit a change towards a more efficient approach. Other countries may 

find it feasible to make gradual changes in such systems. A third type 

of country does not vet have any protection system set up, and still has 

the options opon. 

Carden points out that a country that decides to protect its manufac

turing sector relative to other sectors of the economy with trade policies 

will have to deal with three fundamental decisions: ]) import substitution 

versus export promotion, 2) uniform protection versus made-to-measure pro-

LcLion, and 3) import quotas versus tariffs. Import-restricting measures 

hamper exports in several ways. The net result of protecting manufacturing 

by import substitution (tariffs and quotas) is to introduce a home-market 

bias. Such bias is undesirable because the benefits of comparative 

advantage and economies of scale are foregone. Th size and stage of 

deelopment of an economy conMditions A_ importance of the home-market bias. 

On the other side, an expert promotion approach through e p::ort subsidies 

confronts the difficulty o.f countcrvnli ng dot Los "rom importing countries. 

Corden discusses the cocep o of,rfctive protection which he defines 

as the "net prutection provided "or value added in an activity by tariffs 

or similar measures ,Ffect ng output and nro:t vaWS" V etiv, protection 

indicates the percantae increase in value added afforded by protection over 

value added which would prevail in a nonprotected situation. The relative 

rates of effecti.ve protection among the different sectors are the relevant 

figures on which deci s ions should he taen. 

WitL a n i form protectionst system, the same rates of protection are 

p)rovided for a.! activ-ities in manufacturing so that there is no d i ccrimina-

Li on ther than that which com,: naturally out of the prI.ce system. Thre 

http:effecti.ve
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advantages of this approach is that it applies the principle of comparative 

advantage and is simple for administration. Uniform protection implies
 

equal rates of effective protection for all manufacturing activities. Al

though the principle of uniform effective protectionism is simple, its
 

practice is complex because very different nominal rates of tar3 f and export
 

subsidies may be required to obtain equality of effective rateb. For
 

complete uniformity, effective protection rates for export goods and import

competing goods also must be the same.
 

An alternative to uniform protection is made-to-measure protection which 

consists in protecting industries only as much as is "needed". An important 

pitfall of the made-to-measure approach is that it lacks an automatic 

selection process of which industries to protect and this has to be decided 

subjectively. Other difficulties of this approach are the adverse effects 

it can have on firms' incentives to keep their costs down, the great deal 

of detailed judgment about costs of firms that must be estimated by tariff 

authorities, and the additional uncertainty it can introduce into business 

planning. 

The third type of decision Corden discusses is the use of import 

tariffs versus quotas. Quotas have the advantiage of creating greater 

certainty to the industry. Thme disadvantages of quotas are: 1) they do not 

provide a criterion for the selection of industries to protect; 2) they create 

monopoly situations by eliminating import competition completely; 3) they 

isolate the domest ic uconon'y from fore i gn developments (changes reflecting 

new technological advances); 4) the' creatc ti& neod to a.]ocatO import 

l. icenses which wil l have a scarcity value that y ields- potentLal profits; and 

5) those who wish to obtain licenses are tempted to us. corruption. 
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Many countries make use of antidumping duties which the GATT code
 

permits if a foreign supplier is selling the same or similar products to
 

consumers in his domestic market at a higher price and if the dumping
 

causes material injury to domestic import-competing producers. Corden 

mentions two points in this respect. First domestic producers often feel 

it is unfair if foreigners sell at lower prices, although the effect of 

this competition benefits the nation as a whole by providing cheap imports. 

Second, predatory dumping is serious, since short-term price cutting is 

an instrument of monopoly. The main difficulty is for a government to 

assess whether a price change is temporary or permanent, and if it wishes 

to isolate its producer; from foreign influences. Protection measures can 

also be taken to ancid adverse movements in the terms of trade. Cordon 

considers Lhat protection of manufacturing is only an indirect way of 

improving terms of trade by affecting export and import prces and that 

better alternative policies are usually available for the purpose. 

Dardis, Rachel and Learn, Elmer W. (1967) 

P.easures of the D,,roe and Cost of Economic Pr) tc-t-on of Agriculture in 
c i>t 

,Fc'c1,'..ic . , . ) ;rt-.Y.t oF A'ric u :tu,r , No. 138 . pp. 1-69. 

The authors point out that the degree of protection, w.hich is equal to 

the difference between producers' prices (adjusted for marketing margins) 

and trade prices, and the cost of protection should be considered com

plementar ly when analyzing trade rest:rants i internntional trade. 

The firs t part of the paper considrs th, rvasurmeut of the degree 

of protection usinog the method of equivatent trritfs suggested by Harberler. 

Among the advantaes of this method a.y the incl u sn of -rasportation 

costs, ex:port s Yu,:idi, :-, br. to trad,."nd -tarMf 
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The degree of protection was 	estinlaced for grain, livestock, and
 

averaged for the three-year
dairy products for 1959-1961 	 (all prices were 

France, Italy, the Netherlands, the United
for Canada, Denmack,period) 

as a percentageStates, and West Germany. Trade price
Kingdom, the United 

protection. Changes
was used as a measure of the degree of

of producer price 

some of the countries. Milk was the mosu 
in this measure were examined for 

Lhe margin of protectionOther than mi.lk,protected of all commodities. 

than for the Cportingthe importing countries was generally higher for 

Low margins of protection. The
either negative orcountries, which had 

degree of protection appeared to have increased for grain and milk and
 

decreased for livestock and eggs during
remained relatively constant 	or 


1950-1961.
 

The second part of the study dealt with the 
welfare cost of agricul-


Using a simple two--good model, the effects 
of protection
 

tural protection. 


price of the import good was 	 examined 
and of an export subsidy on the'world 


of the country's export

that no changes occurred in the priceassuming 

good. 

the cost of protection showed that
used for calculatingThe formulas 

can be obtained from different combi
the same absoiutu coSt of protection 


with low elasticities or
 
nations of elasticiti es ;and tariffs (high tariffs 


conc]uded that 
 even 
low tariffs with high elasticities). The authors 


measure of protection,

though the degree of protection is an incomplete 

the :ost o i;rotect ion, t urtlhermore,
its knowledge is; essential in computin" 

supplypar-ticuL ar demand and 
the cost of protection i.s sensitive to the 


th'e dugree of protection.
which is not true forelasticitiea used, 
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Dean, Gerald W. and Collins, Norman R. (1966)
 

"Trade and Welfare Effects of EEC Tariff Policy: 
 A Case Study of Oranges"
 
Journal of Farm Economics, Vol. 48, No. 4, Part I, November, pp. 826-246. 

ThLis articlIe est:imated quantitatively the trade and welfare effects of 

altcrnatyive polici es which might be adopted by the EEC for oranges. The
 

specific object of the article was 
to evaluate price, trade, and welfare
 

implications of 
three alternative policy situations: 
 1) a shift from con

tinuance of pre-EEC tariffs on oranges 
to prospective EEC tariffs, 2)
 

elimination of the EEC tariffs 
on oranges and, 3) free access 
to the EEC.
 

Methodological'y the author used 
a spatial equilibrium model to quantify
 

the changes in world prices, consumption, and trade flows for alternative
 

EEC policies and the solutions are evaluated in 
terms of welfare effects
 

measured by the concept of economic surplus.
 

The conclusions were: 
 1) shifting to prospective EEC tariffs will 

result in a net welfare nain to the EEC block (at expense of producer
 

groups in the non-EEC; countries), assuming that 
the income redistribution
 

within the EEC 
is accepted; 2) the elimination of EEC tariffs on oranges
 

would result in a net 
loss to the block unless compensating reciprocal 

tariff reduct oIns .,fother commodities could be "tai-ned from Pt er coun tries;
 

and '3)allow'in another producer inside the tariff wall wou!d cause sub

s tant ia. Jos ses tu the EEC countries. There appeared t, be little ncentive
 

(in fract, a d(iAsincent Lve) for the 
EEC either to reduce its tariffs or. 

oranges uni atralIiV or to permt :spcca] access to the EEC by outs ide
 

produci.ng countries. 
 Hence, reductions in tariffs on 
oranges were though
 

likely to come about only as 
part of more general tariff negotiations 

i nw,}.voi ng mutual concessions. 

http:produci.ng
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Munk, Bernard (1969)
 

"The Welfare Costs of Content Protection: The Automotivc Industry in Latin 
America" 

Journal of Political Econoy, Vol. 77, No. 1, Jan./Feb. pp. 85-95 

LDCs have approached the goal of industrial iation emulating the pattern 

of production of MDCs . Argentina, Brazil and Mexico are the largest countries 

in Latin America and supply their respective automotive markets with domestic 

production. In all these countries there are national "content" programs. 

The more domestic content required of the foreign-controlled firms that 

have located their manufacturing facilities in the country, the more 

expensive these programs are in Lerms of resource costs. The justification 

for these programs is foreign exchange savings and the "spillover" benefits 

(backward linkages). Looking also at mirket size, the author stated that 

low volumes of passenger vehicle output in Latin America countries give 

rise to greater excess production costs per unit than do low volumes of 

commercial vehicle output. The ability to plan for large volumes of output 

is a crucial aspect. 

Defining excess cost as the difference between the wholesale price to 

dealers of a vehicle produced domestically and the c.i.f. cost of the same 

vehicle ported from the U.S., the author calculated the cost of content 

protection. Excess costs as a proportion of respective c.i.f. costs of 

vehicles are considered as an implicit tax that corresponds to a tariff. 

His estimate for consumer welfare cost, (deadweight loss of consumer's 

surplus) was 307 of c.i.f. costs. This estimate was valid only for the 

initial stages of contciAt protection since Brazil showed that costs may 

fall over time. 
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Prebisch, Raul (1959) 

"Commercial Policy in the Underdeveloped Countries" 
American Economic Review (Papers and Proceedings), Vol. 49, No. 2, May, 
pp. 251-273.
 

The author contends that the uneven spread of technological progress
 

has contributed to the division of the world economy 
 into industrial centers 

and peripheral countries (engaged in primary production), with differing 

income growth rates. The spread of technological progress brings with it the 

need for industrialization. A common alternative to industrialization has 

been expanding Primarv exports through technical progress. But this increase 

in productivity creates redundant manpower that needs to be absorbed in some 

way; without industrialization this is not possible. Industry and technical 

advance in primary production are thus complementary aspects of the same 

growth process. 

import substitution (IS), defined as an increase in the proportion 

of goods that is supplied from domestic sources, is the only way to correct 

the effects of disparities in foreign trade elasticity on peripheral growth. 

IS, or th. exnsion of industrial exports added to the primary ones, or 

both comb 110(1d, are necessary to bridge the gap the differing trade elasticities 

create. 

Improvements in productivity cause the use of a declining proportion 

of the curntinuously increasing active population for the growth of existing 

activities for the interna! market. A surplus manpower, composed by those 

redundant due to teclinlcogical progress (spillovers) and those marginal 

workers of low productivity (poorly paid, dlisguised unemployment), need to 

be absorbed. 

The cause of the deterioration in terms of trade is the great disparity 

in technological densities. Assuming realisticallv that :ncom( elasticity 
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of demand for industrial products is higher than for primary commodities,
 

a combination of disparitiecq in income elasticities of dumand and in
 

a weaker position vis-,,-vistechnological densi-ties pt the periphery in 


the center, as regards the terms of trade. General improvements in pro

the wai;,Lductivity tend to be fully reflected in increment of the rate at 

the center, while at the periphery a part of these improvements is transferred 

by the fall of export prices (more severely if productivity in export 

production increases faster than marginal productivity of industry). Inter

ference through export taxes or protective (uties can counteracts this 

tendency.
 

Protection has different meanings in the peripheral countries and in 

the industrial centers. In the former it does not hamper the growth of 

world trade while in the center it does. The reduction or elimination of 

such protection at the centers has an element of reciprocity, since the 

resultant increase in exports of primary commodities from the periphery
 

is followed by a corresponding increase in its imports of industrial goods,
 

in response to their higher income elasticity of demand, and there is no
 

need for any reduction or elimination of duties to obtain this resulL. 

change in the composition ofThe development process requires a continua1 

imports and what is needed is a policy to encourage such changes. 

Muli.Lteral trade is the result not so much of adherence to a principle 

as to trade policies of the most important countries. Latin America has 

not benefited from special ization and economies of scale from indus

trial ization due to i.ts fragmentat ion into :i;y country. Mutual trade 

wi.t in the region has been very weak. Each cmintry ias tried Lo produce 

everythL ng under tie sheltering wing of very high protection. The response 
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should be the enlargement of national markets through the gradual establish

ment of a common market. 
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CHAPTER 5
 

ANALYSIS OF FOOD SUBSIDY AND DISTRIBUTION POLICIES
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Introduction
 

The purpose of this chapter is to examine and evaluate the various 

policy options directed at increasing the nutritional intake of a target
 

group. Public distribution of food has emerged as an important method of 

food management in a host of developing countrics. It can be carried out 

through various means. The two princi pal types of policies are 

those which offer universal coverage, called countrywide policies, and those 

which are solely directed at a specific target group. These different 

policy options require a determination o! the variables that explain the 

behavior of the typical low-income household in relation to its intake of 

different nutrients. Once these variables have been determined, a choice 

needs to be made of those that are amenable to management via policy instru

ments in the short-run and in the long-run. An evaluation of the cost 

effectiveness of inducing the desired changes in food intake by the different 

policy alternatives should then follow. 



368
 

Coun trywide Versus Targe t-Group Poiicies 

A countrywide policy which reaches the target group but at the same
 

time affects all segments of the 
popul ation is a general food price subsidy. 

The object of the policy is t:o increase the consumption in the target group 

of a given commodity by a fraction A by reducing its price to consumers 

through a price subsidy (Ad). 

Target-group oriented programs reach the particular group without 

subsidizing the rest of the population. A host of programs can be oriented 

to specific groups, for example; distribution of food at a price discount, 

food stamp programs for selected families, free food rations for selected
 

families, and straight income transFers. This chapter focuses three ofon 

these programs: a food price subsidy, a food stamp plan, and a straight 

income transfer. 

The objective of a target-group oriented progran is to raise the 

initial level of recipients' food consumption to a specified higher level. 

As mentioned above, there are several ways to produce this result. Under 

a food price subsidy, beneficiaries can purchase as much food as they wish 

at a reduced price. A food stamp program, on the other hand, gives parti

cipants the opportunity to purchase a fixed amount of food at lower than 

market prices. A variant of the latter program, in use in several developing 

countries, is a system of rationing. A separate analysis of rationing as 

part of a food distribution system is presented due to its prevalence and 

uniqueness of the several target-group oriented programs. A direct income 

transfer to a recipient group is also an option which can be used to raise 

their level of consumption. 
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The relative merits of these various programs must be taken into 

consideration when deciding, among them as methods for assisting low-income 

households. Cash transfer pr,,r -, ut i i t prinpi n n ,mvr3 f ,:01 

sovereignty by which people are assumed wo know what is best for them

selves. On the other hand, food stamp proponents claim benefits for society 

as a whole, over and above the benefits accruing to program beneficiaries. 

The benefits might take a variety of forms: (I) Since the working poor are 

eligible for the program, and because nutr:itional statu:s affects performance 

on the job, society's output ight be increased and s-o wil. the society's 

general level of well being. The food stamp proga'am can then be viewed as 

investment with the economic return accruing to all members of society. 

(2) Taxpayers--donors--might derive more satisfaction from knowing that
 

they are increasing food consumption (food scamps) among low-income re

cipient households than from knowing that they are in.creasing consumption of
 

food and non-food items (cash transfers) for these same recipients. (3)
 

Increasing the demand for food benefits all those participating in every
 

step of the food production and distribution process.
 

Proponents of rationing feel that one of t e important strengths in 

this type W system is its almost universal coverage. This ciaracteristic 

has been responsible to a certain extent for the minimization of leakages 

and the stability of tile system. 

For target-group-oricnted programs to be effective it must be possible 

to identify a homogeneous population with the characteristics described. 

Furthermore, it must he possibe to implemen t Lnc programs in a way thdt 

the benefits reach only the intended population. In reality th;ee conditions 
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arc unlikely to 
be met because in most instances it is difficult to determine
 

who s:ould be eligible for the progrm. The cost-effectiveness will then 

tend to be less than maximum a'nd minimum food -onsumption targets may not 

be reached,
 

Clearly, if the target group is fairly homogeneous with respect to
 

income, its relative poverty is the decisive factor in making a choice be

tween the programs. When the group is extremely poor, the price elasticity
 

and the margina] propensity 
 to consume food tend to approach unity, and
 

the three programs are almost equally cost effective. Food stamps ar- more
 

difficult to implment 
 because participants would have to accumulate
 

sufficient cash to purchase a month's 
or even a week's supply. If the target 

group's income and food consumption falls short only by a small fraction of 

adequate nutrition, the food stamp progrnm might be twice as cost effective 

as the other programs. 

If the target population is heterogeneous, some additional considerations 

enter. A price subsidy program aimed at the average income level is bound 

to lead the better-off members of the target group to consume beyond minimal 

nutritional requirements and to leave tie poorest inadequately fed. A 

food stamp progra:m in which everyone i-; charged the same amount for the 

stamps may have the resul t of preventing those in greatest need from partici

pating, whereas it is less than fully cost effective for those with higher 

incomes. To avoidi egflecting poorer members forof the target group, charges 

food stamps will have to be set liberally, which means the program will be 

less cost effective. 

.Stil other factors must be considered when choosing among alternative 

programs. First, the foregoing comparisons of cost effectiveness do not 
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take into account the value of additional nonfood expenditure induced by
 

the transfer payment. For example, an income transfer might not be as 

cost effective as a food stamp program but, would give the target population 

additional means for nonfood expenditure. Additional income .ight induce 

better health and lower fertility, both of which are complementary to food 

in reducing malnutrition. 

Second, no food assistance can be expected to be totally efficient in
 

the sense that the subsidized food reaches only the target group. Partici

pating beneficiaries may not reveal the full truth of their circumstances 

and may receive unintended assistance. Middlemen and administrators may 

take illegal cuts and target-group beneficiaries may resell food intended 

to augment their own consumption. Thus, political and administrative pro

blems may be as important as minor difference in cost effectiveness in 

dUtermining the choice of an optimum program. 
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Analytical Framework
 

The following analysis of the food subsidy and distribution policies
 

utilizes standard microeconomic theory which assumes that households maximize 

utility by choosing the most preferred within their set of attainable con

sumption opportunities.
 

A General Food Price Subsidy (Countrywide Policy)
 

In order to develop thiLs model, assume 
that there are two groups of
 

urban consumers: the target, or poorer, group (p) and the richer group 

(r). For a given commodity the price elasticity of demand (n T) can be 

expressed as the weighted average of the elasticities of demand of both 

groups. That is 

IT = a np + (l-)n r 

lherefore, the increased consumption for the target group (X) can be
 

denoted by
 

p d 

Aggregate equilibriuui requires that increased demand be met by 

increased supply, then
 

(2) nT =,. Ad cA 

where c represents price elasticity of supply, A represents percentage 

change in the supply price and Ad represents percentage change in the 

demand price.
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Substitute to obtain
 

(3)A
s = "r p X E 

Cost of a General Food Price Subsidy
 

The fiscal cost of the subsidy(s) can be denoted as a fraction of the
 

initial expenditure on the commodity, hence
 

(4) s = (A + Ad) ( + nT Ad)
s 


Substituting for A and Ad gives 

(5JS V) + A+ (nT/) A] 

(6) 5 7 ) [frq) 1[ +(T P)A 

If the food item La partly imported its supply elasticity is infinite (Q=-)
 

then S must be interpreted as a general consumption subsidy. When only
 

the importod fraction of the commodity is subsidized the fiscal cost of
 

the time, form nrome ;nd production
the policy diminishes. At same 0 fall s 

efficiency decreases because imports replace cheaper domestic production. 

cost becomeIn this situation the fiscal of the policy will 

fraction of domestic cons51um)tion S:lais-
In equation (7) " denotes the initial 


fied by domestic production and o represents the domies ticisu)l,]y elasticity.
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The efficiency loss of domestic production due to subsidizing the
 

import component of the commodity can be written as a function of the
 

initial expenditure on that commodity, thus 

=(8) L 1/2 2 - I C 

The cost effectiveness of this policy can be understood as the cost per
 

additional unit of food consumed by the target group as a ratio of food's
 

preprogram price. It can be represented by
 

(9) CE = S/a
 

In countries where there exists a large share of the population (1-a) already 

receiving adequate nutrition and food supply is inelastic, the fiscal cost of 

a general subsidy program per added unit of consumption in the target group 

becomes very expensive. The opposite will occur if the food supply is 

relatively elastic and a large proportion of the population is inadequately 

fed.
 

Tar et Group Policies 

The budget line X Y in Figure 5-1 illustrates the opportunities a 

consumer has for allocating a fixed amount of income to food and nonfood 

purchases. Given the indifference curve AB, the initial equilibrium of the 

consumer is P, with an initial comsumption of food equal to F. The curve OZ, 

the income-expendi ure line, illustrat es the consumer's preference for 

all ocating increasing luve Ls of income to food and nonfood purchases when 

the budget line has the same slope as X Y : that is, the price ratio of 
0 a 

food and nonfood rema ins constant. 
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Figure 5-1: Analysis of the Cost
 

of a Food Stamp Program
 

As stated earlier, the objective of a target-group oriented program
 

is to increase the consumer's food consumption from his initial level, F,
 

"
 to a higher level, V . The costs of alternative programs to reach this
 

objective can now be illustrated.
 

A Food Staim Program 

A food stamp program can be implemented to provide the participants 

with food with a market value of F* at a charge of OX].. In this case the 

participant not only consumes the full amount of the subsidy in food 

(X1F*) but in addition spends some income previously devoted to nonfood 

items (FX 1 ) on food. (See Figure 5-1). 

Devising this program presupposes knowledge of the participants 

utility function. A more realistic program will set the cos of the stamps
 

for the particip.lnts at OF which is the consumer's expenditure for food
 

without the program. 'Tihe consumer will be in equilibrium at "D" and the
 

cost of the program becomes FF*.
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A basic condition for implementing a cost-effective food stamp program
 

is differential costing of the stamps for participants in accord with their 

expenditures on food (and as a prox:y of their income levels). Otherwise, 

those with the greatest need wil refuse to prirticipate in the program 

and participants who have higher-than-average incomes will use only a 

fraction of the subsidy for added food consumption. 

An income Transfer Program 

To analyze the effectiveness of income transfers as a means of 

increasing food consumption, 7igure 5-2 is used. Assume that the income

consumption curve is represented by PZ. This curve indicates how much 

food is consumed as the income of the participant increases. It indicates 

that if we desire the participant to consume food at amount F* he must be 

given X2F* of extra income so that his budget becomes Y RET. With this 

income level the consumer will be demanding the target amount of food. 

r7. 

I I 

0 N.E XL, T X 

Figure 5-2: Analysis of the Cost of a [ood Price Susibdv 
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Normally, the higher the income level f the target group, the lower 

the marginal propensity to consume food. Hence, an income transfer is 

relatively less cost effective. it is also noteworthy that the marginal 

propensity to consume food of desirable nutritional quality is usually 

lower in urban than in rural areas for a given food-nonfood price ratio and 

that the relative price of food is usually higher in urban areas. Conse

quently, income transfers are likely to be less cost effective for urban
 

dwellers, and for all but the poorest among them. 

A Food Price Subsidy
 

An alternative way of increasing food consumption from F to F* is 

by subsidizing the price of food. A food price subsidy is illustrated in 

Figure 5-2 by the new budget line Yo X The cost of inducing food con

sumption to increase from F to F* is equal to X3 F*. 

The extent of the price subsidy (that is, the required slope of the 

new 	budget line YoX4) needed to induce food consumption at a level F' 

depends on the curvature of the indifference map. Because it is safe to 

assume, however, that added food consumption has positive utility and the 

price elasticity for food is less than 1, the new price line must cross 

I° the F le'.el of consumption between E and D -. This means that the cost of a 

food price subsidy, X3F', will be less than the cost of a straight income 

transfer and more than the cost of a food stamp program. 

Cost 	of Programs Oriented to Target Groups 

The cost of each onie of the target-oriented programs will be explained 

using Figure 5-3. Tn this figure D represents the demand by the target
P 

group as a function of initiali income Y and S represents the supply faced 
P 
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by the target group. The supply is equal to tota'. supply (S T) minub the 

demand of the nontarget group. 

AssumeL that the goal is to Increase food consumption by AF. This goa" 

can also be represented by an increase in food consumption equal to 

A = AF/F. 

Price 
SWP)=Sy(I')-D{P) 

L_I'-------------------I 

I 

I 

I D,(I 

I 

I 
I 

I I l,),.AY) 

FoF, Food 

Figure 5-3: Analysis of Target-Group Programs 
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Denote by A1 the increase in price necessary to induce an increment
 

in supply equal to AF. Let cP be the elasticity of supply faced by the
 

target group. The following expression can then be defined: 

(10) 	 1,_
 

P C
 
o p 

The equivalence of the ratio can be explained as follows:
 

X AF/F
 

AF 

AP
 
0
 

P
 
0
 

Therefore
 

X AF/F APO
 

C AF/F P
 
AP P 

0 0 

but
 

AP= 	A, hence 
0 	 C P 

p 	 0 

Denote by A? the decline in price necessary to induce the target group 

to increase consumption by ,. Let rIP be the price elasticity of demand of 

the target group. The following expression may be defined: 

(11) 	 A2 ,
 
P n
0 	 p 
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The equivalence of the two expressions is showni as follows:
 

A= AF/F
 

np AF/F
 
AP


0 

P 
0 

and .. . .. but AP A2 
n 

P 
AF/F
AP /P 

AP 
0 

b 

0 0 

hence X/n = A2/P

0 

Denote by A3 the decline in consumption because of the increase in
 

price (A2 ) necessary to increase supply of output (AF). De ine
 

A3 

(12) A n /C
F0 pp 

Cost of a Food Stamp Program
 

Assume that the value of the additional food consumption is equal to 

the fiscal cost of the program. In this case it is necessary that the food 

stamp program be able to pay for the additional supply at the new supply 

price (P0 + A1 ) in addition to the increased cost of old consumption, that 

is 

(13) FS = AF (P + A1) + F A 

Remember that A . = AX/c • PI.p 0 

Divide by AF and note that F /AF = 1/X
0 
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giving
 

+ o0+ p(13a) AFS = pi0 p of 

Cost of an income Transfer
 

What is the increase in income that will increase consumption by a
 

fraction X?
 

Let m represent the marginal propensity to spend on food, then we
 

want to determine
 

= 
m • AY P (AF + A4) (Figure 5-3)
0 


P
 

AY = _o (AF + A4 )
 
m 

Multiply and divide by F1 = AF + F° 

then 

+ 4 
AY = (F + AF)(14) 


A3 .np 

:: A3 and A3 - . 
For small changes, A4 


FI Fo Fo E p 
F 1. 00 

hence
 

P _ 

AY - (F + AF) 
_ 

+ X •n j 
1 o0m + AF 

Multiply the bracket by (F0 + AF) and divide both sides by AF 

AY P AF~AY ++_ + A •p
A ]"AF m \71 p 
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AF m[
 

giving 

(15) A 11 + (1 + A)L(1) 	AFi fp/Epj 

Equation (15) represents the cost of the income transfer per unit
 

increase 	 in food consumption induced by that transfer. 

Cost of a 	 Price Subsidy 

In this situation the consumption of the target group is subsidized.
 

The cost of the subsidy is equal to
 

PS 	= (Fo + AF) (A + A 2) 

substitute
 

A1 	= X/c P andA = x/1p P
 

1p o 2p o
 

and obtain
 

PS 	= (F + AF) XP 01/c i/n j
 

Divide by 	AF and note that F0 lAF = 1/A 

PS = (F /AF + 1) AP I/C + 1/1] 

PSF 	 = (1/X + 1) XP + l/np]L/p 

(16)(1)AF P (1 + ,) [1/. p + 1/T]p
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Equation (16) represents the cost to the government of the subsidy per
 

can also be
unit increment in food consumption by the target group, which 


expressed as
 

(17) - =1
 

P 
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Food Raticn Programs
 

The analytical approach presented here tries to explain the inter

relationship among the various components of a mixed (publi: and market)
 

food Cistribution system. These components are: domestic pr-.duction,
 

imports, procurements, ration distribution, income, open market sales,
 

consumption, and market prices.
 

The open market price of the rationed commodity (for example rice) is 

determined by the interaction oF the market demand for and supply of local 

rice. When rationing is introduced in a system like this, t'.o likely effects 

come about. in the first place an increase in ration ricu will reduce the 

demand in the open market by the same amount. In the eveat that the rationed 

rice is imported, demand for local rice is diminished. The second effect 

is to increase the iocome of consumers receiving the ratioi by an amount 

equal to the di fference between markou and ration price for each unit of 

ra t m ic .. 

The intcrrelationships in the food distribution system can be analyzed 

using a simple mode] of supply and demand that incorporates food rations. 

The model can be structured as follows: 

(18) 	 QS = mQ* - QI'
 

+
(19) QD = Bo + B11 B2Y + B3QR 

(20) Y = ++, QR (al' 	 - PR) 

= 
(21) QR U 4 d (ti1 + QP)
r
 

(22) QP = U = aQ* 

(23) MP = U + c(Q* - DD)
m
 

(24) D = QD + QR
 

(25) QS " QD
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Where 

=QS Rice available for open market sale including that part of 
production consumed at home;
 

m = Proportion of gross productLon available for consumption; 

Q* = Domustic gross rice production;
 

QP = Internal procurement;
 

QD = Consumption from market and home;
 

P = 	 Real price of rice (retail, medium quality); 

Y = Disposable income adjusted for rationing;
 

QR = Foodgrain ration distribuLion;
 

B0, BI' B2 B3 = Parameters to be estimated;
 

Y = 	 Disposable income without ration; 

a = 	 Marginal rate of substitution of ration foodgrains (rice and 
wheat) for local rice; 

PR = Weighted average foodgrain price at ration shops in real terms;
 

MP = Import of foodgrains;
 

Ur l q Ur, d, a, c = Parameters to be estimated;
 

DD = Consumption requirement used as a basis for import planning
 
(15.5 ounces per capita per day); and 

D = Total consumption of foodgrains. 

All variables except prices are in per capita terms. The value of m is 

assumed to be 0.9. 

Equation (18) represents the net availability of foodgrains for sale 

and is assurred to be a price inelastic supply function. The invariance 

of supply to market prices reflects the short run nature of the analysis 

as well as the dominance of weather factors in the supply of foodgrains 



386
 

from domestic sources. Equation (19) is a market demand functira in which
 

rationing has been included as a shift variable. Equation (20) provides
 

a mechanism for adjusting income from rationing. Equations (21), (22), and 

(23) represent the main decision variables. Equations (24) and (25) are 

identities.
 

By substituting equations (18) and (19) into equation (25), the system 

of eight equations can be reduced to a system of six equations where D, QR, 

QP, MP, P, :nd Y aru endogenous and Q*, Y and PR are exogenous. Since 

arbitrary decisions as well as uncertain factors can influence OR, QP, and 

MP, these potential policy variables are not entirely endogenous. The 

intercept terms--U r, Uq , and Un--reflect the effects of arbitrary changes in 

decisions on these variables. These can be treated as policy variables 

subject to completely arbitrarv decisions by setting the values of d, a, and 

c at zera and working only through U, Uq and U 

It should be noted that a negative OP is equivalent to an open market 

sale operation by the jvzrnment; hence the consequence of such an operation 

can be evauated. Simultaneously solving for the values of endogenous 

variables at givun values of exogenous variables provides an opportunity to 

trace out policy impylications. 

Estimation of Data 

A direct measure of the quantity consumed from the free market and 

at home (QD) is not available. An indirect estimate is therefore made 

that assumes that QD equals gross domestic production minus the quantity for 

seed, feed, and wastale and the quantity procured by the government. 



387
 

Per capita disposable income (Y) is based on estimates of GNP at 

current market prices minus direct taxes. GNP at current market prices 

is obtained by adding indirect taxes to GNP at factor cost. 

Estimation of Equations
 

Estimation of equation (19) requires previous knowledge of the marginal
 

rate of substitution (NIRS) of ration foodgrains for market rice. Theoretically, 

the MRS must equal the price ratio but given that in this situation there 

is restricted supply and arbritrary pricing we sY2,iid expect it to be equal
 

or greater than the price ratio of market rice to ration roucd,,rains. An
to 


estimation method is to use the actual MRS as a lower bound and change it
 

progressively until a good set of highly significant coefficients are
 

obtained.
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Empirical Applications of Food Subsidy Policies
 

Five studies are describeod in the following pages: the first two 

in India and Sri Lanka corc. trate ol d itribution via ration shops only, 

while the lost three examine the nutritional effects of food stamp programs. 

Although s~vvral deve1opii,,g countries aru cons iduring implen g stampentin food 

programs, adequate doctmentation is available only on U.S. programs. 

Public Distribution of Food Grains in Kerala I 

The food distribution system in Kerala is carried out through ration 

shops which are linked with a chain of wholesale distributors licensed for 

this purpose. The system is supported jointly by the Central Government 

and the state government. 

Part- of the commodities distributed through ration s'hops come from 

local procurement. Imports complement the deficit and make available 

commodities not produced locally. Fcr procurement purposes each county is 

?Iassified into three categories based on their average yield of the 

commodity. Jevv raes for these categories are fixed on a graded scale. 

Levy rates also increase according to the size of the holdings for areas 

with more than two acres. 

The procurement price is determined on the basis of the price level 

fixed by the central government. In addition to the procurement price, 

farmers receive an incentive delivery bonus in some years. In most cases 

the procurement price realized by farmers is very much below the farm 

price of paddy. 

Based on P. S. George (1979) 
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The procurement volume of a given commodity is influenced by a
 

number of factors, among the most important we can mention: the gap
 

batween the open market and the procurement. prices; production levels; 

administrative efforts to enforce the levy system.
 

The distribunion of foodgrains takes the form of informal rationing. 

Eligible households can buy a maximum quantity from the ration shop at 

controlled prices. In the case of Kerala eligibility is determined by 

the size of the land holdings. The maximum quantity that each participant 

can buy acconnts for only a fraction of the family needs. Participants 

must purchase their additional requirements in the open market. Since 

the government controls the interstate movement of food, the volume of 

foodgrain available in the open market is the local production left after 

levy requirements have been met. In general open market prices are much 

higher than the ration price. 

The rationing system seems to work best when there is a small volume
 

of foodgrains available through the system. This factor alone contributes
 

to preventing misuse of the ration quota. Moreover, an adequate network
 

of roads and transportation facilities enhances the accessibility to the
 

distribution system.
 

The distribution system provides also some flexibility that contributes 

to its success. The ration quota is distributed weekly and installment 

purchases are feasible. This flexibility allows the participation of poor 

people who cannot accumulate enough money for making a once-a-month purchase 

of their ration quota. 
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The Impact of Ration Distribution
 

Local procurement efforts to stock the ration shops influences open
 

market supply, farm price, farm income and thus agricultural resource
 

allocation by farmers. On the other hand imports for rationing restrict
 

availability of foreign exchange that can be devoted to other development
 

activities, hence the rationing system influences the level of economic
 

growth. At the consumer level, food rat Loning influences the consumption
 

pattern through income and substitution effect.
 

Gainr; 	 to Producers and Consumers 

This approach measures the gains of rationing through income gains
 

or losses. it does not consider the direct and indirect income distribution
 

gains of :ationing. It basically estimates the changes in farm income
 

and consumer expenditures in the absence of rationing over their current
 

levels under rntioninq.
 

"ie income gains accruing to producers as a result of abolition of 

rationing can be calculated as: 

N 	 N 
(26) 	 PG = Z Qoi (Pfo - Pfr) + z qli (Pfo - P )
 

i=l i=l
 

where
 

PC: Producer gain
 

Qoi: 	 Quantity sold in the open market by farmers belonging to
 
ith area group.
 

P. : 	Farm level price of the commodity in the absence of ration.
 
:O
 

Pfi: Farm level p)rice under ration
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Qli: Quantity sold under levy in ith group
 

P : levy price e 

The gain to consumers as a result of the abolition of rationing can be
 

estimated using the following formula:
 

=
(27) CG Rr - r ) m (o r(P -P + (P - Pr)
 

where 

CC: Consumer gain
 

Rr: Quantity of the commodity distributed through ration shops.
 

P: Ration price of the commodity
 

P : Market price of the commodity in the absence of ration
r 

Qm: quantity purchased from the open market 

P : open market price of the commodity under rationing
o 

In estimating producer's gain of the abolition of rationing the
 

following prices can be used:
 

Pfo: national free market price level
 

Pfr Actual farm level price
 

P : levy price paide 

In the case of consumers a comparison between national prices and
 

local prices is also used for estimation of gains resulting from the
 

abolition of rationing.
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Public Foodgrain Distribution in Sri Lanka9
 

A large part of the rice marketed in Sri Lanka is handled through the
 

public sector. The distribution system began during World War II when 
 the 

country faced severe 
food shortages due to disruption of supplies from
 

overseas. 
The food to be distributed was obtained through procurement
 

imposed on farmers.
 

After the War, procurement has taken a more voluntary tone. 
 Each
 

year the government announces the price at which it will buy rice from
 

the farmers. There is no limit 
 in the amount a farmer can sell to the govern

ment.
 

The guaranteed price scheme is administered by the Paddy Marketing Board 

which is in charge of handling supplies of rice. The procurement operations 

of the agents of the Paddy Marketing Board are financed by the branches of 

the People's Bank, a government corporation. The procuring agents of the Paddy 

Marketing Board are the branch societies of the multipurpose cooperative 

societies located in village areas. 
 In 1978 there were approximately 3,100 

branch cooperative societies that handle procurement. They also distribute 

goods, mainly rice, to the public. Before 1978 the main criterion for opening 

a paddy purchasing center was the distance the farmer has to transport paddy 

to the center, which was set at three miles or less. For the most part, 

paddy purchasing centers are located within three miles of all farms. In 

1978 procuring agents were paid a commission of Rs 35.84 per ton of paddy. 

They are also reimbursed for the cost of transportation and handling by the 

Board.
 

-Based on Gavan and Chandrosekara (1979) 
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Once the Paddy Marketing Board receives the rice, it makes arrange

ments to have it milled and sent to the district warehouses of the Food 

Commissioner's D1)partment. 

In early l97<8 when the procurement price was Rs 0.87 per pound of paddy, 

the transfer price, which included the costs of storage, transportation, 

milling, commissions, profit, and the fixed costs of the Paddy Marketing 

Board, was Rs 1.45 for parboiled rice and Ris. 1.41 for raw rice. At that 

time the rice ration cost for consumers was Rs 1.00 per pound. 

The procurement price has been kept constant for long periods of time. 

There :h-as been a tendency for it to be raised during periods of rising 

-world rice prices and to be maintained in periods of lower world prices. 

Thus it was raised in 1952 and 1953 in response to high import prices
 

during the Korean War, not again until 1967, and then in 1.974 and 1975.
 

The Distribution System. Until recently the distribution system 

achieved almost universal coverage. The entire population was entitled to 

receive an allotment of rice at a subsidized price. In 1967 a portion 

of the allotment of rice was completely free of charge. Items other than 

rice (sugar, wheat) are also on occasions channelled through the ration. 

The Food Commissioner's Department is in charge of administering the 

food distribution system. It obtains the food through domestic procurement 

and imports and issue the rationed commodities to the different types of 

wholesalers and retailers. Distributors of ration commodities must be 

licensed and are made up mostly of retail cooperatives. In 1976 these retail 

cooperatives were responsLbl.e for 80 percent of the volume of rice and sugar 

distributed. 
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Apart from the cooperative network, there are private authorized distri

butors who are licensed by the Food Commissioner's Department to distribute 

rationed items at stipulated Prices. Since 1977 their numbers have e:panded 

greatly--to about 3,900 in mid-1978. or 2.8 for every 10,000 people in Sri 

Lanka. In addition, there were 5.4 branch cooperatives for every 10,000 

people, making a total of 8.2 outlets for distributing rice and sugar for 

every 10,000 people in Sri Lanka. Flour is distributed by authorized 

distributors as well as by ordinary retail outliets. 

The branch cooperative societies receive their supplies of rice and 

flour from the multipurpose cooperative societies which, in turn, obtain 

their supplies from the 66 warehouses of the Food Commissioner's Department. 

Until early in 1978 the private authorized distributors also received their 

supplies from the multipurpose cooperative societies, which also received 

their supplies from the multipurpose cooperative societies, which also
 

handled flour wholesaling. In early 1978 the 20-year wholesaling monopoly 

of rice and flour by these societies was elimintated and private distributors 

allowed to tak, part. 

Operation of the Ration System. When the scheme began in 1942, rice 

rat ioning was introduced only in the rice-deficit areas. By 1943 the rice 

rationing scheme was extended to the rice surplus areas. Everyone three 

years old and older was entitled to an allotment. Subs tan t ial budget 

subsidies on rat ioned rice began in the late 1940s. By the early 1950s 

the age requirement for receiving rationed rice was reduced to one year. 

The high import cost of rice during the Korean War led to attempts to 

reduce the burden by lowering the ration quota and raising prices. As a 

result, in 1953/54 the subsidy expenditure on rice was half of what it had 
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been in 1952/53. By November 1954 ration quantities were increased for all 

groups of the population to four pounds per adult person per week. The 

increase was o ff i cial Iv at triIbuted to consistently declining rice prices 

in world markets. 

From the period following the Korean Oar until 1966, the ration quota 

was four pounds per capita per week. Between 1954 and 1960 the price of 

ration rice was cut several time' to levels well below the market level. 

In 1960, for example, the ration p7ice was 12.5 cents a pound, whereas 

the market price was 37 cents. At the same time the prices of wheat and 

sugar were kept above thir import prices. As a result of declining price 

and expanded coverage, the quantity of rice distributed increased steadily. 

By 1965 more than 75 percent of all rice consumed passed through the public 

system. Consumer purchases of rice from the open market and of wheat and 

wheat flour declined, but not enough to offset the increase in ration rice. 

Total cereal consumption rose significantly. 

In November 1966 the ration was reduced to two pounds per person per 

week due to the rapidly growing cost of supporting the scheme. However, the 

quota was issued free of charge. By this time, the proportion of rice 

consumption di:t ributed through the ration system fell to 46 percent. 

The changes d ild not produce the desired result of decreasing the cost of 

the subsidy. Most of the savings from the ruduction in the quantity distributed 

were offset by the lo:s of revenues resulting from free distribution. The 

cost of the rood subsidy continued to rise under the impact of higher import 

and procuremunt prices. 

In late 1970, after a change of political leadership in the island, the 

rice ration was increased to its old level of four pounds per person per week. 
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Two pounds continued to be issued free, but the additlional two pounds were 

charged for. The price of ,he paid portion was triple what it had been 

prior to 1966, and for the first time, was also higher than the comparable 

price for wheat flour. During this period the costs of operating the 

system were kept down by low import price of rice, wheat and sugar. 

In 1973 due to poor harvests and world scarci[ties the price of rationed 

rice increased rapidly. Some ration reuipients wtre excluded in this period 

to one pound, br:ingingand the free inortion of thu rationed rice w; reduced 

the total ration to three pounds per person per week. 

danning the transport of rice by private persons was an attempt to 

restrict the trade of rice to the public sector. As a result of this legisla

tion the price of rice rose dramatically in rice-deficit areas. In all this 

period, total cereal consumption was more closely related to domestic 

production than to cianges in the ration. 

The open market price remained surprisingly stable during the poor 

harvest years. This situation suggests that the availability of an 

additiona! two poun(1s of r ce through the ration may also have acted as 

a buffer again.st price sPi:uiaton. 

Impact of thfe. Rat[on on Food Consumiption. A simple model of the rice 

curve for rice. It includessector is presented here. DI) is the demand 

but not government procurement fordemand for home corsumption by farmers, 

tie ration svstem. Oa is tot l rice available to t ht 1)ublic. I t equals 

the. quant ity :supplIied throug,h the, ration (r).domestic p roduic t ion ( q ) p i.1us 

o f the previ eu:; ear .r ice. Ilowever,(D)omesti c production Is a function 

in the year, itbecause 'nnul1]J dat; we:e used and there ,re Lv., harve;ts 

resuoon ive to current price.) It 21h,,dli be noted that may. be somewhat 

http:again.st
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imports do not enter into the picture because rice imports come through
 

the public sector and are made available to the general public only as a 

component of the ration.
 

The upply curve (N5) Ls equal to Qa less Qp, the amount sold to the 

government at tihe guaranteeu minimum price (Pg). Thus SS is equal to the 

rice offered to nofarmers plus the amount farmers consumed from their own 

production. The am.,,, procured by the goverlnmtL (Qp) is a fNmction of the 

difference between the open-market price and the pr ice "ffered by the 

government under the GPS. The lower the inarket price, the larger the 

quantity procured. At price P SS becomes infinitelv elastic. At any price 

below P all rise would be sold to the procurement system.
g 

ice, 

Qp [ S Q 

l 

Q1 il, O 'tl,i " 

Figure 5-4: Impact of the Rice Ration on .nsuptionin Sri Lanka 
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The equilibrimi price (p) is determined by the intersection of SS and
 

DD. At that price the quantity consumed is given by q r and the quantity
 

tprocured qr .is the difference between qr and qa" An increase in domestic
 

production or an increase in the tu;nti':y distributed through ,:he ration 

would cause SS to shift to the right, the equilibrium price to declipe,
 

and the quantity of rice consumed to increase. The demand curve would
 

also shift upward a'q a result of increased incomes. If the demand curve
 

intersuctH .o supply curve Yiong its flat ortion, there wil1 be no 

change in price.
 

Some AnalvtjcalI Results. The impact of the 
ration on food consumption 

was studied usinq time-series and cross-sectional data. The Lime-series 

data analys is used a regression approach to determine the relationship 

between food consumpt.on and variables such as the market price of rice
 

:nd other cer;,1,-;, per cap.ta income, and tl e value of the ration. Demand 

for rice was sensitive to price and the ration subsidy, nevertheles 

income failed to be sOignificant. in the case of cereals income proved to 

he signifricant. This analysis indicated that a larger impact on food
 

consumption can 
he expuctd from a unit of subs idy income (through the 

ration) than from a unt, of general income (an out right money transfer). 

According to stmdard raLion thworv a ration is effective if it 

affects consuimI t on M% ;'raising income, n oval a tin g an ef ct ivye 

ration we tO-n I avu to see it the groups recciving rat ions are al so consurL ng 

significant luantities of the same commodity in the market. In the case of 

Sri Lanka ration roe lpfi onts were found to }. onsuming open market r'ic(. 

When domestic rice production is :incorporJted into the regress ion 

approach it pick:s up) much of the impact of price and inttcomte changes on
 

http:consumpt.on
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consumption. This fact indicates that rice production changes have a greater 

impact on consumption than the indirect impact through price and income. 

The analysis of cross-sectional data was u.dertaken with the main 

purpose of assessing the distributional effects among different groups in 

the society. All but the upper quartile of the population made use of 

their rice ration allotment. Also, ration use increased with income up 

to the middle-income groups and deciaased at higher incomes, Low-income 

groups were found Lo make less use of the paid ration as well as the free 

ration. The reason seems to be that the very poor were selling their ration 

cards. At the same time income groups-including the poorest-continued to 

purchase the rationed commodity in the open market. This might indicate 

that free-market rice is regarded as superior to rationed rice.
 

The net increase in consumption due to the ration subsidy was 

estimated by calculating the proportion of increased income used to purchase 

calories at different income levels and applying these proportions to the 

cash vlue of the ration subsidy income accrued to ration recipients. For the 

tenth percentile of the population, the estimated impact of the ration was 

to raise total calorie consumptijn by 115 calories per person per day, 

or approximatel' 5 per:cent of total1 requirements. By the fiftieth percentile 

the contribution was approximately 60 calories. 

Again looking at the tenth percentile, the ration income appeared to 

have incrcased rice consumption by 70 calories and cereal consumption by 80 

calories, implying an increase in other cereals, mostly wheat, of 10 calories. 

Since total calories increased by 115, it is implied that noncereal calories 

rose bv 35 calories per day. 
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To the extent that the ration/subsidy program was conceived of as a
 

means of raising calorie and protein intake levels, the reduction in
 

commercial purchases a2s a result of the ration is a form of leakage. Another
 

form of leakage arises from the large portion of the ration--approximately
 

two-thirds in 1969-1970--that went to those already consuming the recommended
 

daily allowance of calories and protein. If the primary goal of the program
 

is to increase the consumption of nutritionally deficient groups, the second
 

type of leakage results in a very high cost per calorie effectively delivered.
 

Costs and Benefits of the Program. The most visible "cost" involved-

the outlay incurrd by the government-- is not a true economic cost at all; 

it is a transfer. It is the loss the government incurs on the distribution 

of subsidized commodities plus the operating costs of the agencies involved. 

In the case o the domestically procurred grain, the government distributional 

loss is proportional to the difference between the procurement price paid to 

the farmer and the price at which grain is sold to the consumer. For 

imported commodities, it is proportional to the difference between the import 

price converted at the official exchange rate and the ration price. Where 

the procurme:t price is above thu world price (at the existing exchange 

rate), the fiscal cost rises in good crop years and falls in bad ones. 

Usi ng the of fir al exchange rate for cal cula tion purposes, it is easy 

to see that prodyucers receive a large proportion or: the benefits in some 

years and more than 50 percent of all benefits in another periods. This 

situation r'.sults from the domestic procurelment price being kept above the 

import price at the official exchange rate. in 1972--a period of low 

mport pricc--thu consnumer.,ubidy component was 11 mill.ion rupees, whereas 
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the producer subsidy amounted to 360 million rupees. These data indicate
 

that producers were being benefited in a public distribution system that is
 

primarily consumer-oriented.
 

Because low-income consumers used more of the rationed commodities, 

the consumer subsidy favored the lower end of the income scale slightly 

more than the upper end. The subsidy as a proportion of income in the low

income groups and its impact on the relative distribution of real incomes 

were more significant. The lower-income deciles received as much as 16 

percent of their real incomes from the rice ration.
 

The benefits of income redistribution via rationing are more signifi

cant if the extreme administrative and political difficulties of extending 

aid to low-income families is considered. Some indirect benefits also 

come about when, as a result of higher real incomes, poor families are 

able to make use of other social services such as education. The income 

distribution effects of this food distribution system are also increased 

when indirect effects on employment and returns to labor are considered. 

The prccurement aspect of the distribution system also has important 

effects. High guaranteed prices are necessary to ensure an adequate supply 

of foodgrains. TOe result is that the rice sector has been responsible for 

a large proportion of growth in employment. At the same time the ration 

system has played an important role in expanding the demand for rice. 

S 3 
The U.S Stamp Pro 'ra3 

.Food 

A genera] description of the U.S. Food Stamp Program is presented 

here since it is the only program of its kind which has been reviewed 

3Based on McDonald (1977).
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extensively. The basic legislation that authorized food assistance for
 

low-income persons in the United States was initiated during the Great 

Depression. It took the form of the Potato Control Act of 1.935. This act 

allowed the government to buy surplus farm products for distribution to needy 

families and school church programs through t:'ie Federal Surplus Commodities 

Corporation (FSC"). The primary purpose of FSCC was o support farm price
 

and not to meet the food needs of relief recipieats. 

The surplus commodities program was not well received by either recipients 

or retailers. Recipients comnJlained that direct distribution did not ,llow 

them to plan their food consctmption. Perishables had to be consumed as soon 

as received. Also, no regard was given to the nutritional needs of the 

recipients since the kinds ef food depended on whatever was on surplus. 

Food retailers complained because the FSCC bypassed their normal trade 

ch;]lnels. 

The first food stamp program was then designed to increase domestic 

food consumption through regular business channels. Participants were to 

purchase a mmn mum number of orange stamps at face value. They would then 

receive free 'ht stamps on :i given ratio to orange stamp,; (I.free blue 

stamp for 2 purch;,;aod oraflge stimps). The bue ;tami)s werL' to be used to 

purchase food items appearing in a monthly list of surplus commodities. 

The structure of the prodgram was in tended to prevent income which was 

normally spent on food from being diverted to nonfood items. 

The evaluation of Joseph 1).Coppock of the two-stamp program revealed 

that the participants did not buy more food tLhn they would havc if the blue 

stamps were not issued; they simpl.y did not ust, all tlu £r orangu stamps. 

That is, normally purchased foods were purchased with blue stamps. 
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After several problems the food stamp program was revitalized in 1964
 

by the Food Stamp Act. This act proposed to achieve two goals: to utilize
 

the nation's food and to promote the nutritional well-being of low income 

persons.
 

The administration of the food stamp program is shared by federal, 

state and local governments. At the federal level the USDA Food and Nutrition 

Service is in charge of: instituting program rules and structure; producing, 

handling, distributing, and refunding the food stamps; supervising data 

collection and quality control procedures; overseeing the program activities.
 

State governments are responsible for informing the general public (specially
 

low-income earners) about the program and collecting data on program
 

characteristics. Local governments deal directly with the food stamp
 

recipients.
 

A member of each applicant household can fill out an application for
 

food stamps at a county welfare office. The application is processed by
 

a food stamp caseworker who requests receipts for certain expenditures. These
 

expenditures are then deducted from the housebold's income to dotermine the
 

amount of benefits, if any, the household can receive. The caseworker in

foi s the applicant that employable household members must register at the 

local emplo,ment office before the applicant is given the identification 

and authorization card which enables the bearer to purchase a stamp quota 

from an issuance center. 

Food stamp users must repeat the entire food stamp application process 

at certain time intervals. Ordinarily, households not receiving any other 

federally funded aid are certified for 3 months. Shorter periods of eligi

bi]ity are dictated if there is a possibility of change in income or house
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hold status. When changes are unlikely certification can be done for as
 

long as 6 months. One-year certificatio' is permitted for unemployable
 

persons with very stable incomes or for households with readily predictable
 

income from self-employment and for whom the food stamp agency does not
 

expect change in the composition of the household.
 

Recertification is required when household income or deductible expen

ditures change for more than $25.00. in such a case the household must
 

notify the food stamp agency which in turn will revise the purchase price
 

of the stamps bought by the household in its next regular purchase.
 

To be eligible for food stamps the applicants must demonstrate that
 

their household resources do not exceed either of two maximums, one for
 

assets and one for net income. The assets maximum applies to households
 

of every size, but the income maximums increase with household size.
 

These items are excluded from the computation of assets in the deter

rination of program eligibil.ity: the home, one car, household and personal 

goods, insurance policies, pension funds, anS any property essentil to self

support. Extra cars or recreational vehicles, cash, bank accounts, stocks 

and bonds and nonrecurring lump-sum payments a:e counted a3 assets. If the 

val.e of accountable assets exceeds $1500 the household is denied eligibility 

for food stamps. 

The countable net income definition does not include: In-kind income, 

loans, nonrecurring lump sum payments and all earnings of children under 18 

years of age. The computation of gross income includes earnings of all adult 

household ,u~mners , returns from assets and self-employment, cash payments 

from wel. fare prog rams, pensions, veteran's betl'mi ! s , farm subs idi s, Worker's 

Compensation, unemployment compensacion, scholarships, or training subsidies.
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Once the gross income is computed, the following items are deducted: 10% of 

wages and salaries (not to exceed $30 a month), income taxes, social security 

taxes, union dues, any other mandatory payroll deductions, medical expenses 

in excess of $10 a month, payment for child care when it applies, tuition 

and education fees, and unusual expenses like funerals. There is also a 

deduction for all shelter costs such as: rent, utilities, property taxes 

and mortgage payments for homeowners in excess of 30% of gross income minus 

all other deductions. 

Table 5-1
 

A Conpanson of Po.errv Thresholds and Annualized Net Income Ma.;mums for Food
 
Stamp Eligiblht, for 1975
 

Poverty line 

Family incme for liod
 
siZe samp eligibliy" Nonfarm Farm
 

1 $2.F2() $2,590 $2200
 
2 3.4,00 31 2.9(X)
 
3 5.04 4.230 3.65)
 
4 b.48M0 5.050 43X)
 
5 	 7.560 5,870 5.)Q 
6 	 8.10 6,9) ",n 
7 9.720 7510 6,4(X)
 
8 10,5Y 8,330 7,1(Y
 
9 11.52 %x) 7,8(N
 

10 12.() 9,970 8,5(K)
 

OComputNd 	 f70m 1 S[)A. f',)-d md Nut:;,un Service (1975)
 
Corlputed f,-m Commurnty S.rvoces A miriistration (1975)
 

bource: McDonald (1977)
 

Benefit Determination. Th: amount of free bonus stamps awarded to a 

given household deqpends on both the size of the household and its net income. 

Table 5-2 gives an example of the food stamps benefit shcedule. It 

displays the maximum amount of bonus stamps available to households in the 
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Table 5-2 

Food Stdrnp Benefit SLhedule for Januarv-July 1977 

Monthiy Coupon AMlotments and Purchase R,:quirrnen -48 SMe.s arnd Dutncr of Columbia 

For i ho(ji h,!id of

1 2 3 , 5 6 7 
pors'on p,,'Fmis per.,,)n p4!,v-1s| st peyr~ni, 'nisp r',' [ ~'t 

1Pie mnonthb; ccup,)m ollo~tnwt 15-

$50 592 $130 ! Rus UK20 $298Eno 2Monthly net ...............
 
income And thomonthly pur a., requiroen3'rt I-
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10 
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lowest net income bracket. The monthly stamp allotment is based on the
 

National Research Council Recommended Daily Allowances (RDA) of nutrients
 

for persons in various sex-age categories. 

The Thrifty Fond plan was developed by looking at a 1955 survey in 

which urban housaholds which comprised the lowest food costs per person 

quartile were examined. The food consumption patterns of these households 

were analyzed to discover dietary deficiencies. This food consumption
 

pattern was ievised so that iL would satisfy all the Recommended Daily 

consisted in changing the mix of habituallyAllowances (RDA) . The revi.sion 

person would increase very little. This
consumed foods so that the costs per 

was accomplished by substituting lower-priced food with the same nutritional 

value for some higher-priced ones. The families followring the food plan arc 

in the food groups thatassumed to select the kinds and amount of foods 

The plan cost is updatedthe urban survey households selected on the average. 

by the food price information collected by the Bureau of Labor Statistics. 

allotments are tied toFor administrative convenience all food stamp 

dollar cost of the plan for a family of four with school children. The 

stamp allotment for households of all other sizes were computed from a base 

of $162 (cost of the food plan for a family of four). For i.nstance, the 

following formula was used to adjust for the estimated 1.07 increase in per 

to a fourperson food expenditures for a two-person household relative 

person household. 

= 

(162/4) (2) + (.10) (162/4) (2) 89.10
 

This method of benefit computation has che problem that it does not 

consider the fact that households of the same size often have differing 
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sex-age composition. To take this fact into account a new method of benefit
 

computation was devised. Table 5-2 can also be used for this purpose.
 

Households have to pay a purchase price for their allotment of stamps
 

which is less than the redemption value. The purchase price of the same
 

allotment rises with increases in the pet income bracket. Consider the
 

monthly coupon allotment of $130.00 for under three-person households.
 

Households with net income under $30.00 receive the entire allotment without
 

spending any of their own cash. The same size household with net income
 

bracket $120-129.99 must pay $30.00 for the same coupon allotment. The
 

amount of the bonus they receive is thus reduced to $100.
 

Food stamp allotments are increased every 6 months to maintain the
 

purchasing power of bonus food stamps. The size of the increase is tied to
 

the Food Price Index. During periods of continuous food-price inflation,
 

changes in the size of the allotment do not become effective until 6 months
 

after the end of the period over which the rate of inflation is measured.
 

There exists another dimension to the food stamp benefit schedule: the 

variable purchase option. This option allows food stamp users to purchase 

any quarter-fraction of their food stamp bonus. As a resul.t potential food 

stamp users do not have to decide each month whether to buy all or none of 

their bonus stamps. Now consider the three-person household having $30

39.99 of net income. They can choose to initially buy one-quarter (pay
 

$1.00 to get $32.50 in bonus stamps) and later in the month to pay $3.00
 

for the remaining $97.50 of the $130.00 allotment.
 

Figure 5-5 depicts the process of coupon supply and redemption. After
 

a requisition from a state for coupons, the food and nutrit:ion service of
 

the U.S. Department of Agriculture (FNS) orders coupons and ships them to
 

http:120-129.99
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a state issuance or inventory point. From there, the coupons go to the
 

local food stamp agencies for sale to recipients. Grocers authorized to 

accept food stamps redeem thlem for ca..h at local banks. Then, the food 

coupons are deposited in the Federal Reserve system, and banks receive 

cash in return. Thereafter FNS buys the stamps from the Federal Reserve 

system, via a treasury account.
 

........S nP,, 


FurC S a 

Figure 5-5: Coupon Supply and Redemption 

Source : McDonald (1977)
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Welfare Effects of Food Stamps Versus Income Transfers 

Figure 5-6 displays budget constraints faced by households eligible 

for the Food Stamp program. Distance OC oin the vertical axis represents 

the quantity of goods other than food con!-umed ;it home that can be con

sumed if the household spends its entire prestamp income on these other 

goods. Similarly, on the horizontal axis, 01) represents the maximum 

quantity of food consumed at home that is obtainable from prestamp income. 

Therefore, the line CAD represents the prestamp budget constraint, as in the 

standard indifference curve diagram. This diagram can be used to demonstrate 

how eligible households choose the best of their set of attainable consumption 

opportunities with the food stamp program. 

C 

Mp
 

Figure 5-6: Pre- and Poststamp Budget Constraints 
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First, consider how consumption opportunities are expanded when the 

household buys ;in enlire stamp allotment in I month. Distance CM repre

sents the full purchase price of tile a]llotment, and AB represents tie re

sulting amount of bonus food stamps. After this exchange, the household's 

poststamp budget constraint is represented by the line segments joining 

points C, A, B, and E, and the household gains the opportunity to consume 

the bundles of goods signified by points in the area bounded by lie segments 

joining A, B, D, and E. 

Using the variable purchase option, the household can further expand
 

its consumption opportunities to include all bundles in the shaded area
 

bounded by the "sawtooth" line segment. This is accomplished by paying
 

some quarter fraction of the full purchase price to get a corresponding
 

quarter fraction of the entire stamp bonus. Since in any given month the
 

household can choose its desired quarter fraction, it can obtain all of
 

the bundles in the shaded area. 

Furthermore, over an extended period, say 1 year, the household can
 

time its Stamp purchases and expenditures to expand its opportunities to
 

include all points witnin the area bounded by line segments connecting 

points C, B, and E. Thi.s is possible because households can vary the amount 

of stamps purcha se~d from mon th to monti and because stamps purchased in 

one month can he Spent in subsequent months. An example may help to 

clarify this point. Supp se the household buys one-half of the entire bonus 

one month and one--fourLh of the bonus the nex::t month, perh.lps saving some 

of the bonus st;mps purchased in the first montu for use in the second month. 

Thus, over tLhe 2 month period the houseihold manages to obtain threu-ei;itis 

of the avaiLable bonus , symbolized by point P) in the diagram. Over a longer 
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period, as the number of possible stamp transactions rises, the housenold 

can buy any fraction of the total bonus available during that same extended 

period. Hence, the relevant poststamp budget constraint for a food stamp 

cligible household is CBE. 

Relative to a cash transfer of amount AB, the potential for food stamps 

to constrain recipient households arises because a cash transfer allows the 

household to obtain more consumption bundles, that is, "points" outside 

the area bounded by CGB. In Figure 5-7, the post-cash-transfer budget 

constraint is represented by the line connecting F:,B, and E. Relative to 

the poststamp constr'lint, this post transfer constraint expands the set of 

\ 

\,______________ 

\/ 

Fu 5nC
 

0 U 

,, ()r [ 

Figure 5- 7: Derilving:~ Lower-Bound C;c:-:} flu ~ivol ents 



413
 

consumption opportunities to include all points in the area bounded by 

the triangle CFB. Provided some stamp recipients would prefer goods 

bundles within CB to other available bundles, the in-kind transfer must 

constrain recipient consumption behavior relative to cash. Note also that 

another way to view the effect of the inkind transfer is to recognize that 

the program offers a food price subsidy for those whose food expenditures 

are constrained. In other words, the slope of Pine CB represents reduced 

food prices, relative to th,. Frestamp situation. 

At this point, it is useful to consider how three kinds of recipients 

are affected by thes. alternative programs. Recipients who buy more food 

than that made available by spending the entire stamp allotment (Group I) 

are not constrained by the program. In terms of Figure 5-7, these re

cipients maximize their satisfaction by choosing a package of goods on line 

BE, as represe'qted by the tangency of indifference curve I to this line. 

Another group (Group 1I) consumes food in an amount equal to the stamp 

allotment, demonstrating the choice of goods bundle represented by point 

B. Ex:cept in the event that these households would prefer bundle B 

irrespectivc of the form of the transfer (in which case the indifference 

curve would Kv tinnr to line FBE at point ]2), these households would 

choose bundle B on ; indii fircncu curve like IT. Clearly, *uhe substitution 

of AB in cash for AtB in bonus stamps would allow these (roup 11. house

holds to obtain greate r satisfaction than irdicated by ndi fference curve 

I. A final group (Croup I11) consn.mes less food than it could if it 

bought the e t e stamp onus. 'hese constr ained houshl.d-s would choose 

somei bundle on line Cb. Tihie figure depicts Nuch ,a c ho ice. Goods bundle 
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P maximizes a Group III household's satisfaction .ta level indicated by
 

indifference curve I1, which is made possible by bonus stamps in an
 

amount represented by QP. 

Nutritional Effects of Food StamLs
 

A national sample suitable for examining the relationship between in

come status and nutritional well-being was conducted in 1971 and 1972 by
 

the National Center for Health Statistics of the Department of Health,
 

Education and Welfare (19/4). This Health and Nutrition Examination Survey
 

(HANFIq, collected measures of nutritional status for a sample representing
 

the United States' civilian, noninstitutionalized population aged 1-74
 

years.
 

The published HANES tables restrict income comparisons to two groups-

persons living in households with income below the official poverty level 

and those in households above it. As is appropriate for the official poverty 

definition, total household income for the last 1.2 months wa.s recorded, 

includin;g tot-aT caLh income from any source, but excluding payments in

kind, such as food stamps. These income val]1,,; provided the numerator 

for the poverty income ratio. The denominator was a mulLi pe of the total 

income deemed necussary to matnta,.i n ,.fami.]v of givn characteris tics ov a 

nutritional]y adequate diet as constructed from the Department of Agriculture's 

!-Ecnomv Food lan. denominator adjusts the maintonanc, require-P01 This i ncom.e 

ments by fan i l.V size -c;tle economis), of eead,(incorporating se- fa i l I 

age of the he ad in faniie os withi C)ne or two per Ons, and a;rm-nonfarm 

res Jdenc. . When the household'' poverty inco:m r;It io exceeds 1.0, that 

hou.sehold's income is above the poverty tihreshled ; w.hen less than .1 .0 



415
 

it is below. For example, if a male-headed farm family of four persons had
 

1971 income less than $3528, this family was listed among the "below poverty
 

income level" households. In reviewing the AiANES results, it should be 

remembered that some food stamp eligibles are in the above-poverty income 

group.
 

A substantial proportion of all persons surveyed were found to have
 

low caloric intakes. In both the below-and above-poverty-line income 

groups, intakes of less than 1000 calories were found for an average of 

about 14% of the white children aged 1-0 years, and about 23% of the black 

children of the same age and income statuses. Similarly, in both income 

groups, respectively, 20% and 36% of whites and blacks over 60 years of age 

had caloric intakes of less than 1000 calories. Hence, although calorie 

deficiencies do vary by age and race, they are found in both poor and non

poor income groups. With respect to protei.n intake, the HANES summary 

repored little variation by race or income within most age groups as 

measured by average protein intake per thousand calories. Based on these 

findings, one can conclude that income level does not substantially affect 

the intake of nutrients supplying energy and growth for members of most 

U.S. housellds. 

In uxaminin g til. ruhaiilts for calciu;, iron, vitamin A, and vitamin C 

however, a different conciusion emerges. There are nutritional, deficiencies 

among both ,fficia]ly poor and nonpoor households, but in most instances, 

these dt: ic c Liuius; ar- greater among the official]ly poor. With only four 

cxceptions, mean intake of nutrients, as a percentage of the RDA for calcium, 

iron, vitam in A, and vita;in , was lowr for tr , poor than for the nonpoor 

in all age-trace-sex groups (National Acaderm,' of Sc icnces, 1974). Yet with 
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the exception if calcium intake for black and white children of both sexes 

aged 1-5 years, more than 30, of persons in both poor and nonpoor groups 

always bad nutrient intakes below the RDA. The most serious deficiencies 

by far were recorded for iron intake. Even the mean intake for most groups 

does not exceed the iron standard, poor or nonpoor. Based on biochemical 

tests as well as the evidence just discussed, the HANES report concludes 

there is an iron deficiency at all age levels among both income groups. 

To summarize, the HANES study shows that nutrient de ficiencies were 

observed for both officially poor and nonpoor households. However, these 

deficiencies are most serious among the poor, implying that income and 

nutritinal well-being are positively correlated. This finding supports 

the general prusumpt i on t hat increasing a household's income has a 

psit ve impact on nutritional status. lowever, In order to evaluate the 

extent to which income transfers such as food staps; actually alter nutrient 

intakes, a r',muwlat more comnlicated view of the process of nutritional 

achievement is needed. 

A second study looked at the effects of food stamps on families in 

Kern County, California. Averagcs relevant for assessing the monthly 

LMpact of the Food Stamp Prn,,ram on fo od expendituore s were computed 

separatel.y for I 53 food stamp participant and 178 nonparticipant program 

eligibe house holds res din g in Kern County, California. For all practical 

porposes, t he I ;iag montlv (.cas incomes of tLhe two groups: were Identical. 

Hlewaver, tno conbined cash and in-kind Income of participants exceeded that 

For nonpaurcipac ntst v abot S5 per :onh huca:uls partici pants' in-kind 

inorowe 'vOra . $51.02. Lnchiding $43.70 in heious food stamps, whur:a,, 

nlnll ictipOint J Ofl' averaged thlln 8 er"Vfn t . Th monthlyill-kind IU m less 
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value of food available to participants also exceeded the corresponding
 

nonparticipant amount by $18 per month, although participants actually
 

on than nonparticipants.
spent $25 less of their own cash food 

The $18 average increment in food expenditures among participant house

holds was less than half of the additional purchasing power attributable 

to bonus food stamps, indicating that some income "freed" from allocaLion
 

to food was spent on other goods and services. This finding is supported
 

by empirical estimates of the cash equivalent value of food stamps, and it
 

has a negative implicati.on for the cost-effectiveness of food stamps in
 

promoting nutritional improvement, because food stamp userq do not devote
 

all of their subsidy to food purchases. Still, some nutritional improve

ment could result from the portion of bonus stamp income that is spent on
 

food, and there is some evidence of this among Kern County households.
 

Less than 857 of both Kern County participant and nonparticipant house

holds obtained the RDA for seven nutrients. Moreover, only about half of
 

both groups obtained the standard for calories, calcium, and vitamin C. Yet
 

there weru mor.o participant households at 100 percent of the standards for 

calories, protein, calcium, thiamine, riboflavin, and niacin than nonpartici

pant ones. e findin,gs sngge,;t food stamps do have some positive influence 

conclusive, because on nutritiomal achievement, However, this evidence is not 

there may be important differences in the characteristics of participant 

the food stamp programand nonpart~iciiant households that aro unrelated to 

and yet actu;ally .1CCo iillltfor tthe observed difference in nutritional achieve

ment. Takiug ;c.oflnt of this possibility requires a muiltiLvariate analysis 

incorporating many explanatory variables.
 

http:implicati.on
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Finally, a study by Madden and Yoder incorporated a number of
 

explanatory variables and addressed 
the isEue of variable nutritionai
 

efficiency. Participatnt and nonparticipant households in rural Pennsylvania
 

were compared in a multivariate context that held constant income and food
 

expenditure levels. Hence, observed effects on nutritional adequacy that
 

are unique to food stamp users 
can presumably be attributed to stamp-related
 

variations in nutritional eff ic ercy. 

Madden and Yoder concluded that the dietary impact of food stamps wgas 

significant and positive only under unfavorable conditions. such as more
 

than 2 weeks ince payday or receiving fod stamps. Perhaps this impact 

through increased nutritioul efficiency during temporary cash and food
 

stamp shortages. Ther, wos no other evidence that nutritional efficiency
 

varied between food stamp users and nonparotcipants. 

From a multipie regrussion analys;is of monthly fond 2xpenditures per 

person, Maddun and Yoder further concluded th1at fund stamp usage typically 

does not increase food expenditure, net of the effects of income adequacy 

and the other control ari Be cause income adequacy incorporates theva bl c's. 

bonus food stamp value, an important impl]ictio : that stamp users in.i food 

rural Punns',']vania Ad not pnurchase more -,d t1hIan nonparticipants at con

parabl e. ncomelou lsv . Since11 otaJ food expep:Jiture ordinarily rises with 

N::ome, W9)im2plication is not inconsisunt with lane's observation that 

food stamp r,,ci(pients spend more on food thain 1onrcC:pienpct:s with lower 

averagv inomies. 

B; 'A on the cvidence fron surveys in )]nnsYN;vIvn i a and California it 

Wt)lUC zardouts, at best, to conclude that I ned st;amp> have a substantial. 

imlpact on either nutritional e,fficicncv or nutriti,01al ;chievement. Although 



Q19
 

the Lane study of California households suggests there may be a positive
 

impact on nutrient intake due to food stamp usage, one cannot rule out the 

possibility Lhor ;ome factor unrelated uo food stamps caused the greater 

nutrient intakes of food stamp userp. Wich respect to nutritional efficiency, 

the study by Madden and Yoder failed to find any positive impact of food 

stamp usage. However, because both studies rely on respondents to recall 

food intakes of every household member during a 24-hour period, and since 

these studies are severely restricted geographically, readers may wish to 

withhold final judgment about program effectiveness until other studies 

become available.
 

Taking the studies reviewed here at face value, the major finding is
 

that food stamps may not be a very effective device for improving diets
 

among low-income households. According to available evidence, programs 
to
 

deliver cash seem unlikely to succeed where food stamps have failed. In

stead, more direct intervention to change the nutritional efficiency of low

income households is needed. A number of programs that might accomplish 

these changes are already operated by USDA, albeit on a much smaller scale than 

the Food Stamp Program. They include the Supplemental Feeding Program for 

Women, Infants and Children (WIC), the Special Food Servic, (Day Care) Program 

for Children, thi School Lunch Program, Lhe School Breakfast Program, and 

Special Milk Program. Once it is recognized that the food stamp programs 

do not necessarily induce purchases that markedly improve nutritional adequacy, 

the program's role as a provider of general purchasing power comes into 

focus.
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CHAPTER 5 ANNEX
 

ANNOTATIONS FOR KEY REFERENCES ON FOOD SUBSIDY
 

AND DISTRIBUTION POLICIES
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Ahmen, Raisuddin 
Foodgriin Suj~plv, Distribution and Consumption Policies Within a Dual 

Pricing Mechanism, internatioual Food Policy Research Institute, Washington 
D.C.
 

Domeqtic foodgra:in production has been highly unstable and lags be

hind growth in demand. *This paper analves policies that determine the 

consumption and distribution of foodgrains in Bangladesh, first by examining 

the food system itself arid then the interaction of the various elements 

within the system. The relat:ive efficiency of price support vs. fertilizer
 

subsidy policies to increase rice production is also presented.
 

*Appropriate distribution policies can cause an increase in consumption
 
among the rural poor.
 

Clarkson, Kenneth W. 

"Welfare Benefits of the Food Stamp Program," Southern Economic Journal 

43(1). (July 1.976) :864-878. 

As emphasis is increasingly placed on interdependent preferences in 

welfare economics, analysis of the net gains from transfer programs is 

difficiiu unless precise recipient constraints are recognized. This paper 

identifies the welfare benefits of the federal food stamp program as it 

was in operation in .972-73. It includes estimates of recipient benefits, 

the nature and extent of external joint consumption benefits, and adminis

trative costs of the program. 

Gavan, Jame:,; 1). and fndrani Sri. Chandrasekara 

The'II',qIIL of .h)ul._ c .oodra in _gi tr ibut ion on Food Consniijnt ion and Welfare 
in Sr i Lanka. ln t 'I hood I'o icv Research Inst i tute, Research Report 1.3, 
a.sh1 i I I L I11r, .. , 1) C Icenier 1979. 

Sri Lank tas ach iCeCd remarkable social ivuogrcss even though it has 

a modeSLt has r 1v per income. iseco,lom ic ;ad lIative i.o', capita This 
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partially the result of social policies which have been put into practice,
 

particularly the food distribution programs operating since World War If.
 

This paper examines Sri Lanka's publ ic food distribution system, its effect 

on the price and availability of foods, and its inpact on the food intake 

levels and nutrition of various income groups in the country.
 

George, P. S.
 

Public Distribution of Foodgrains in Kerala--Income Distribution Implications
 
and Effectiveness. International Food Policy Research Institute, Washington
 

D.C., Research Report 7, March 1979.
 

The public foodgrain distribution system in Kerala State is thought to
 

be the best program in India. This paper analyzes its operation, including
 

the benefits of rationing on consumption levels of low income consumers,
 

consumer and producer benefits, and income distribulon. It a 3o examines
 

the relative efficiency of public distribution over direct income transfers.
 

Kumas, Shubh
 

Impact of Subsidized Rice on Food Consumption and Nutrition in Kerala.
 
Internationai .
Fuod Policy Research Institute, Washington I).C., Report No. 5 
January 1979. 

This paper empirically analyzes the impact of a food price subsidy 

program on levels of food consumption and nutrition cf a low income popu

lation in India's Kerala State. The food price subsidy program considered 

is rationed rice distributon. A simple model to test for the significance 

of identified factors that determine rationed rice consumption is presented. 

Effects of rationed rice consumption on household nutritional and caloric 

intakes is investigated. 

Findings include the following: Middle income groups had more ration 

rice avai.lable to them, although without rat ion rice lowe..r income households 
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would experience a net decline in caloric and protein supply; a higher
 

marginal propensity to consume additional foods from subsidy income and a
 

positive relationship between ration rice consumption and child nutritional 

status was found.
 

Reutlinger, Shlomo and Marcelo Selowsky
 

Malnutrition and Poverty: Magnitude and Policy Options, World Bank Staff
 

Occasional Papers 23, (Baltimore: Johns Hopkins University Press, 1976).
 

The authors assess the nature and magnitudw of undernutrition in 

developing countries, placing particular emphasis on income distribution. 

An analysis of the cost effectiveness of alternative policies aimed at 

improving nutritional status is presented. Target-group oriented programs, 

such as a food price subsidy, a food stamp program or a straight income 

transfer are found to be more cost effective than countrywide policies 

(e.g. a general price subsidy). The authors conclude that only policies
 

designed to allocate food or income can eliminate undernutrition.
 

Mellor, John W. (1978) 

"Food Price Policy and Income distribution in Low-Income Countries", 
Economic DPvTpyt~prt :nd c(Iiltural Change, 27(1), October 1978, 1-26. 

The purpose of the paper is to delineate the component parts of a 

general equi l ibrium analysis of the relation of food price policy to 

income distribution. 

A given change in foodgrain prices causes a larger percentage change 

in the real incoehll of low income consumers and a larger absolute change 

in the real income of high income consumers. 
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As far as producers is concerned, the effect of a given change in
 

foodgrain prices fails on the producer with the largest marketing. When 

prices and outu are changing a po]icy of price stablization w",i 

destabilize small producers' income and stab-ilize consumers' income and large 

producers' income. 

Change in relative prices play a limited role in the short run in 

increasing agricultural prodction. It should be used in conjunction 

with technological change in agriculture. 
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CHAPTER 6
 

ECONOMETRIC CONCEPTS 

AND TECHNIQUES
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Introduction
 

Generating information as a basis for economic policy-making requires 

more than just a good grasp of economi.c theory. Theory may point out that 

the incidence of a per-unit tax depends upon the relative elasticities of 

supply and dromand of a commodity, but it offers few clues as to what the 

values of the elasticities actually are. In order to obtain estimates of 

these and other economic parameters, the analyst must turn to the realm of 

econometrics. The purpose of this chapter is to familiarize the reader 

with some conmon econometric methods required for analyzing price and 

market intervention policies and to offer a list of references for more in

depth study. 

The chapter is organized into eight sections. Major topics covered 

include the esti.mation of demand, supply, production functions, and input 

demand functions. In addition, there is a discussion of the identification 

problem, the choice of lata, projeccions, and statistical, estimation methods. 

A list: of books and articles which the reader should find useful for examples 

and discussion is included at the end of each section. 
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Estimation of Demand
 

Single Commodity Demand iuatio; 

The simplest method of estimating a demand curve is the single 

equation approach. This involves estimating one equation of the general 

form : 

' YX1 = 1l (P 1' P2"'Pn , Ul1) 

wher e 

X1 the quantity of the good in question per period of time 

(frequently measured as per capita consumption) 

P1 the price of the good in question 

P2 , Pn = Prices of suhst:tiL and Complements 

Y = Income (often measured as total expenditures) 

u = A stochastic term included to account for omitted variables, 

measurement errors, and random errors. 

In estimating such an equation, the first step is to specify a particular 

functional form. Tue simplest types are linear, and can be written: 

+X1 a1 + hipL + b 2t 2 + ... + bn Pn 4 cIY uI 

The regression coefficients from this equation may be used to estimate 

demand e.last[citics as tollows: 

Own-price elasticity* = P ,P1 

x I X 

*The super.script -i s used to reftr to the est ima tes of the regression 
parameters a']C th1(' tuprscri' .- -s used to dsia U mean Vai]lie 
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P ax1 P
 

Cross-price elasticities ...- i = 2, 3, ... n
 -b 


i aP
 

Y
 
Income elasticity 
= c1 

- 3Y xx1
 

Note that the above elasticities are measured at the mean values
 

of the variables in question. However, elasticities can also be calcu

lated using other values, such as current year prices and quantity.
 

Similarly, when calculating income elasticities one might use various 

income classes instead of the overall average. 

or double logAnother common funct ional form is the log linear 

equation. (It is also referred to as the constant elasticity form). It 

Ls written: 

+ 
lnX 11 + bllnP1 + b21nP 2 + ... + bnlnP + cllnY u 

In this case, the regression coefficients are themselves estimates 

of elasticities:
 

l̂nX. ax1 P
 

Own-price elasticity = b I DnP1 X1
-P 

1.. 

J)nX ~X 1P.i 
... , nCress-price elasticities b, . -. i = 2, 3, 

1 1 1 

alnX I X Y
 

Income elasticity - c =- n - = )Y X
A~nY 

A third functional form is the semi-log function: 

X,= 1I + b InP + b 2i'n 2 + ... + b lnPn +c IlnY + ul 
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In this case, the formulas for the elasticities are:
 

Cn-price elastici.ty = 1l 

a1 + bI API + b2NP2 + ClnY" 

b.
 
Cross-price elasticities 
= Â 

aI + b lnP + b2 InP 2 + + C M.Y 

i 2, 3 ... n
 

Income elasticity ....- IA 

aI b InP ± b lP - . cInY 

Once again, the elasticities are often calculated using mean 
values
 

of 
the variables in question, but alternative values may also he used.
 

A riEari, there is generally no 
reason to prefer one functional form 

to another. The "crrect" form is the one that best fits the data and 

M-,t closely corresponds to -aPri-ori theoretical specifications. A few
 

examples of fitted equations are listed below:
 

U.S. demand for food (from Maddala, see below)
 

1927-1941:
 

in q L98 - .24 In P + .24 1n y = .907 
(.02) (.02) 

1948-]962: 

ln q 2.19 - .24 In P + .141n y R = .874 
(.15) (.05) 

whe]lre
 

q - food con.sumption per capita 

p - deflIated retail prices, and 

y = VF laptc! Dr cptap (disposable income 

The number in parenthese" nru s tanderd errors.
 

http:elastici.ty
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U.S. demand for sugar (from Schultz, see below)
 

1896-1914:
 

X = 92.9 - 3.34P t + .92t
 
t t
 

(1.01) (.15)
 

where
 

= per capita sugar consumptionXt 


Pt sugar prices rolative to a general price index, and
 t 

t = an annual time trend (often included to account for changes 

in tastes over time) 

For further examples see:
 

Fox, Karl A., (1958), Econometric Analysis for Public Policy, Iowa State 

of Part I, but especially ChaptersUniversity Press, Ames. (All 
4 and 5)
 

Models, Techniques, and
Intri.ligator, Michiael D., (1978), Econometric 


Appilcat ions, Prentice-Hall Inc., Englewood Cliffs, New Jersey.
 

(Page , 21h-224)
 

and Problems, Charles
'chniqucs
Leser, C. E. V., (197/4), 1conometric 

Griffin & Co. Ltd., London. (Pages 90-103) 

115-
Mada l.a, G. S., (1977), aconmetrics, McGraw-Hill], New York. (I ;es 
1.17, 1" 1 ' 9) 

, rv and Masuremunt of Demand, UniversitySchultz, lPh' (.018) 

,go. (Cli ter: 5 through 17, inclusive)
Of Ciica o iwraseo 

.1.:t.Lm nt 'i osu:mur :' Et nditure andStone, i'ichar, (195 4) TI,. 


Beha\ 1n tK .. 1J26- '38, Camb id ,u lb i versi ty Press,
 

Ca1br iIhr
 

Walters, A. A., (970) , . u)Idunti to Econmetrics , W. W. Norton & Co., 

Inc., New York. VAQ 208-24.. , but e:,pecia. ly 2 0-235) 
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Systems of Demand Euations 

Mien one is concerned about the interdependence of demand among 

scveral different goods, it is frequently advisable to estimate a whole 

system of demand equations. This approach stems from the utility naximiza

tion problem: 

Max U = U(X], X2 ... X) 

n
 
Subject to Z P. X. = Y
 

i=1
 

where 

Xi = quantities of the various commodities 

P, = the jries of those goods, and
1 

Y = total expenditures 

In other words, the individual (or group) is hypothesized as maxi

mizing utility, which is a function of n commodities, subject to a budget 

constraint. This maximization problem generates n demand equations of the 

form:
 

ai a.= XI(P 1' 2 "•.. Pn , Y)P2 1 1, 2, .. " 

There are a variety of specific functional forms that may be considered 

.n estimating a system of demand curves. One approach is to simply 

specify a set nf demand equat ions in an analogous manner to the way in 

which single demnnd curves are specified. Tn other words, instead of 

having one 1.inearl equation, there might be a whole system of linear 

'uliations of the form: 
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n 
X. 	 a. + E b. .P. + c.Y + u. i 1, 2, ... , n 

. 1 j 1J J 1 1 

Or, a log linear form might be specified in the same fashion:
 

n 
=
inX. a. + E b..lnP. + c.Y + u. i = 1, 2, ..., n
 

1 1 j=l :LJ 3. 1 

The elasticities would, in these cases, be obtained for each equation
 

as they were for the single-equation cases.
 

There are, however, three mejor alternative methods of specifying 

systems of demand equations. The most popular of these is the linear 

expenditure system, and is written

n
 
=
P..I i Pii + i ( Y - j=Il Pjy ) i = 1, 2, ... , n 

Here, yi represents some amount of X. which is assumed to be the 

minimum amount that the consumer vill purchase under any circumstances. 

It is, in a sense, the subsistence amount of X.. Therefore,
1 

n 
Y - Z Pj'. defines the total amount of income the consumer has above 

j=l. 

subsistence income (i.e., the total amount of discretionary income.) Hence, 

B. is the fraction of discretionary income that is devoted to the purchase1 

of X..1 

A second popular functional form for demand system estimation is the 

Rotterdam dilfferentLial demand model. This system is written: 

n
 

d(]og X.) N. d(log Y) + Z K. d(Iog P.).1 	 J =i " j i = 1, 2, ... , n 
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where 

N. is the income elasticity of the ith good, andi
 

Pij 	is the compensated cross price elasticity of good i with respect
 
to the jth price.
 

If we define W. as each commodit v's expenditure share such that W = PiXi/Y,
 

then, by multiplying through by W.i, the Rotterdam system becomes: 

n
 
W d(logXi) = U. d(log Y) + E 7i. d(log P)


I I- Sj=]. 	 J 

where
 

U. is the income elasticity of the ith good weighted by its expendi
ture share (i.e., the derivative of expenditure on the ith good
 
with respect to income), and
 

7. . is the compensated cross price elasticity weighted by the 
'Jexpenditure share. 

However, in order to actually estimate this equation, the differentials 

must he approximated by discrete differences It is therefore modified to 

, 	 n-I 
W. 	 D U. D + X (Dp - D ) +

iit I xt j=l ittit Pnt 


(i = 1, 2, ... n-1, t = 1, 2, ... T7)
 

where
 

), the average value share in
W*it = /2(W i + W )t+ 	 successive periods, 

) = 	log differences, e.g., D = ]oir X" - log X 
xit it it-I 
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n 
Dx = WitDx, a value weighted average of the logarithmic 

t 11 it 

differences of the quantities demanded. In other words, 
it is a measure of changes in real income. 

a =it a random disturbance term. 

Note that there are only n-I equations. That is because it can be 

shown that one of the n original equations is redundant. 

Finally, we come to the indirect addilog model, which is a system of 

demand equations derived from the specific indirect utility function: 

n (~b,
V = 2 a. 

i=l a
 

The demand curves derived from this utility function arc:
 

a.b.m biP. bi-l 
I
X. = 

a1b 2 )-i1 n a b pb."mb - bj i = 1, 2, ... , n 

Ij=l 1. 1 .1" 

or 
b. -bi ci 

aibimt bPit e i = 1, 2, ... n; t = 1, 2, ... T
Zi ni i 

it 11 b -
Z ajb mt j-l Pjt

j--1 

where 

Z it = the expenditure on commodity i in period t, 

C i t = a stochastic factor, and 

m = real income. 
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The demand curves are estimated by taking logarithms of pairs ,f 

equations. Hence, the estimated equations are: 

a.b.
 

log Z. - log Z. log(---) + b. log( b log(--) + u
it jt abiJ tj j i jt 

(i = 1, 2, ... n: j = i + 1, i + 2, ... n: t = 1, 2, ... T)
 

where
 

Uij t is a random disturbance term, and all but n-I equations
 

are redundant.
 

Richard Parks (see below) has applied the three major systems of
 

demand equations to data from Sweden for the period 1861-1955. Eight
 

different sectors were included in the study.
 

For the Rotterdam system, his estimates for the qi and Irij were as
 

IC t.l.ows:
 

I " IIf.1I,1 1) (0 NI 1)L RI'A I , fi iR'lI l RI I(6iRAt I/iD ANTI S) IA ,NIMAIIS f oROiADI M rNl) % i DA .A 19)55 

-)104) Qi ' I I N )N ',i I I 1 1! 14 .2 i 

t i714i r (11,1 , Os(1l4'! A 1A) I I V 

6) I.'( 1(J I44-I ()1 t4S) - .C I11) '' ", !nt,
t,)hi4ll-u)iTl (i(4,.I '11'' 2,<) 11'Ii)) 4) 94 lf j Will w47") 

4 ('u ncr- 2)1 (4l 7 ' ) ' 4)41, _1 -.i I3 I'3 ~ I)ll %7)4l I(iS(, I
f:, i r) W (W ) (i1 !' (4 I1 

" t 0i,.4't"I 6 , fil! 1-1)1 0l 1t1 ! 1 I I 1 1' 11%k ~ 1d ,lfi4 1 
74T 1111,11 (IIA 4)4)) )2IIfIT()') -e%,e I"')i IOQNlDmneqp~tc er' ce 0H4 flitlf 0101,# !t 1,# ~ II ,l,Ol (). 71 

1
f il 1-Il(ii IT 5 1. l 1 (11 _' .1) , ii 1),t !k" .' 'llll~h(lI Ilnin hi 1 4 Il' ,I I ' lIV)I 

! 
OW ] 

- \uiiher4 fin parenihvwe tiv isi.ui r erroir% 
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Parks' estimates of the Bi and y. of the linear expenditure system
 

for the same commodity groups were: 

L.INI:A R I"Fx NI)I;rtIt SN'sIIMN ,I III A', I J ,%V lI I [HI ND 

I( 1 R 	 .SwiI SII I I -lI INIR 11)R PFO (.'AlI' A E'I-I NIIIt RI, INI8(1 I'55 

vithout 'rend' 	 With rcnd' 

f1Commodit y, 

I -. 00241 l(X).5 0.1691 - 0.00219 76.205 0.2538 

(0I,730) 112 852 

2 37331 72 282 0.3708 0.(XX)14 59.373 0.1231 
(.()19(4)1 ( 887) 

3 .(51S5 6514 0.1354 -0.00086 -- 0.522 0.0587 

X)525) (I1)41) 
4 3425) 57 562 0.2656 0,(XX)77 52.158 0.1003 

(.01208) I ('I 

5 .0444 1( 12t 00208 -000025 7.667 0.0662 
(.1269) 3 124) 

6 A)1721 (,'8 -0.0189 0.((X)54 53.635 0.1481 
.0 11 (l) (8"0111 

00140 1581 2 
(11 176 (5 921) 

8 10917 27.775 00432 0(10X)21 33 583 -0,0746 
W(0652) 14 71 I 

7 111392 17 )9 0.00 164 0.1527 

(111II 191( I (Moo(1) W101911 21 7910 O820)) 

1:StillnteN for bholh ,crslolls of lile model wcrc comiptlcd u ing th¢ modified Sto e procedarre. 

StILdIrd'd errors for the no liend %er, on %cre compited using th inerse of the Information matrix. 

Standard errors for thetrend %ersiorn %kcrcnot computed 

For the i.ndirect addilog model, a. and b.1 were estimated as follows:1 

N1 i I It(ui- . )t,l~.IH ('t .1Ait|) . ,I I 1.A~sI Sot ARLS Ls",M. 1" ()i (, ANt) h. Cot I olt ItNIS 

.\ssmiirg CouiteloporaincoiiN orreltinonlo)f [iturhminces 	 1, Asstung Scil atndCollmporiin1u5, Correlation (of 1)tstrt11ce5% 

ite 1 u c lsll ed J,, h, bi CrclnI ,l , lllColllstrllied ), i)killhii c('oInstm dlll i I), 
tc imnt'd AiihCt'ltllml.td i\lth 
Commlflodity J)cornlllhdl(i) 

0661004-II 

099 ()09 (1€, 0(
2 I 13 t 06 (0 1 

(0)14 11)12 ) 1110)1 	 1019) (0,07) 10071 

3 . 1.76 0120 0 62 	 - I 07 0.06(1 --1)01 0 II 

(ON 	 10 10) (0 ()) (()(6)(0,.15) (1) 19) 

(I0 	 -093 001 - 001 0624 	 .7 (1 AI 

11)6) (1)07) C1(07)
I( 6()(IS t) oSi (MI) 

- t)o9 - )84 I 1) 1065 -- 17 (11)2 (1X6 
I,R' 0o) ) O08': 1 	 ( 41-l M )I,051 M 

HK--.(1) ('s6 11 	 -(0,8 -S0 78 -(178 032 
11105) iI( ) j0Iq 	 to00M ) 0(11)) 100016 

O) 5 - 0II - 0112 002 

(1 ).) 1010) 0)101 1()(N)i() 09) 11009) 
- I i t(1)6 (14. 

o0 4 - )2", . 134 6(03 
028) ,23) t 1))o52, (I) 161 O l) 
-- ,2 - (125 il ,11 

http:Ct'ltllml.td
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Finally, Parks compared the models on the basis of how well they 

R2fit. Values for 1 - for each of them were: 

(ui'ONII - ii ID4 )IMANN i lill IS it H M 11i SAIi'I.I )TA 

Vilt't: of I Iti 

toil tI( I , N~i i%c RoiIerd rii Irimr+ct I car [meIr 

W i~thout I I clid WVith I fr,d 

' Agr ,O .rc 'i 5 O2 it ( 

n.in po!l!I (1 ') , t) " " 4. 

) i rc S"r %ice 1 ! (,.t ,.1 lt IX fi 

Publik *¢rI'. +¢ .1t' 1 . 2 ill'( 7 

For more examples of estimating s'stems of demand equations see: 

Barten, A. P.., (1968), Es timat:Lng Demand Equa tions," Econometrica, 

Vol. 36, 72. (Pages 213-251! 

Dea ton, Angus, (1975), Mode.lsand. Projecr- ons of Denan d ilin Post-War'-_ _ 


BriWNai , Chi!pmnn and HNI , .ond' . (ChapLer' 3, A ,, '5)
 

Int r LiLgator, 1i ichl I D., ( 978), EjconomeLtric Models, Tchniques, and 

Apn]piations_, P'runtic-0t 1, In.:' , Englewood C] iffs, Now .Jersev. 
(P'iap; 225-230) 
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Indirect Calculations of Pr:ice Elasticities
 

Sometimes it is difficult :o make reliable estimates of price
 

lack of data. With this problem in mind, Ragnar
elasticities because of a 

estimating own and cross price elasticitiesFrisch has developed d method of 


from inrormat:ion on budget proportions and income elasticities. (Such
 

when pri.e and quantity data are not.)
information is frequently avilable 

Frisch's technique begins with two strong assumptions. The first 

is that there is "want independence" among the commodities in question. 

This means that the marginal utility of consuming more of good i is 

of good j consumed. This assumption is reasonindependent of the Amount 

ably valid when the commodities are defined wiN a fairly high level of 

less valid as the commodity definitions becomeaggregation, and becomes 

more specific. The second assumption is simply that the behavior of a 

can be used to describe market behavior.representivtie individual" 


TIhe first rde r con di tions for ut iity maxiLmization imply that
 

[
 
..... .... . . . = . . . '
 

p:' p
 

Ul U 1: 

1 

where 

U = tLh marginial utility of good i (i = , 2, ... n) 

P. = the plricc of good L. and
 

W 1the mar) ina I ut ility Uf MftCy
 

According to Frisch, Wi,' as expenditure (Y) changes. This
changes total 


V
 
implies that there is a "money fle>:ibilit,," coefficient, W ,s-uch tLhat
 

= W' alL prices constant 
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From this, Frisch is able to derive the own price elasticity of good i:
 

and the cross price elasticity of good i with respect to good j:
 

e. = -E .c. +--\

where
 

E. the income elasticity of good i, and
 

a the budget share of good i
 

In order to use the above equations, three things are needed: infor

niation on budget .hares, estimates of the money flexibility coefficient, 

and income elast.i,;'ties. The budget share data is usually obtained 

directly through but surveys (see Phli ps below). IndividuaI house

hulds repre:;Cnting all income cl asses are reo tested to wrLte down all of 

their expenditures over a given time pcriod. There is typically a pay

ment made to these householIds for their cooperation. 

The mney f exi hi itv coefficients Must be estimated since tney 
v 

cannot be observd directlIv. Frisch himself :uggested that !"i decreases 

as income increases , and roughly follows the folW",.,Og pattern: 

v
 

W = -10 for the extremely poor
 

v 

W = -4 for those that are poor, but a little better off 

v 
W = -2 for the middle income group 

V 
W = -. 7 for tLe faLrly well off, and 

V
 

W-.- to- 'A ri ch.
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More recent work has focused on using existing demand parameter 
v 

estimates for different countries to estimate W. Cappi et al (see below) 

made three different estimates of the money flexibility coefficients for 

Central America. The first was based on tho. relationship 

y ,
I v 


In (-W) = 1.591- .5205 in -
P
 

where Y* is per capita real income and P is an overall price index. Their 

second estimate came from the equation
 

v 

log 10 (-W) = 1.434 - .331 log1 0 Y 

where Y is GNP per capita. Finally, an equation derived from a system of
 

demand equations and a cardinal utility function was used. It was of the
 

f 0n 

In (-W) = 1.795 - .5127 in Y/P 

Their results were as follows:
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Computed ono Flexibility Coefficient Values, by Income Strata 

( 1) (2) II) (4) (5) 

Inconm St.raL'm C-.*ntry P.,r Capita Ilnci - Average I
 
19~'70CA$) 

LanwIInooe uat,- la 79 - .54,4 -6.518 -6. 3J57 -6. 1670 
El. S'Alv4'ir 12 -5.4429 -b.4317 -6. -6.16391172 
H-Jnt- ^ 59 -6.4600 -7.6142 -1.44, -1.0316 

I'O1t a .a - 4, -4.1470 -4.761b193 . -4.IJU6 

Middle Incomee ruat.-i la 247 --3. nl,,9 -3.(654 -4..1,55 -3.7019 
F1 Sik,,.tor 227 -1.2037 = 3., , - 4.5', - I.H41)2 
H rrIf . R 1R7 -3.41M -4.'..7 -.. ',, -4. 1"10 

N I t I'a 2,11, - 1.'1407 -3. ,,7 -4. 111 - 1.4,1 4 
C Fo,-1.1' 406 -2. 31 -. , I - .. ,44 -2. 'II 

High incom G..t,. 6la159 -7 .'504 -3 .14Th - .• .'*2 -2.527 
E Iv.,. ,r 605 - 214 -2.-.. Q2 -2.4.73 
Hor; iaq 458 -2.2232 -2. - 7 -2.,202 
?4 '..4t A a 723 -7.?530 - . 4 -1.2. 1 1 11 
Costa kl.ca 9,4 -1.5174 -1 '' . ' -2.4')97 

Very High Income Gua:trl.a 2,794 -0."367 - -2. "54.,6 -1.A349 
£1 -;4i1a Or 1,538 -1. 18135 -1 .4 - . J' 4 9 -la. 

-"II ha ,An 1,S40 - I.1R27 - I. 2 9 , • ) 2I1 -1 .*0l' 
SULAIA rsA I 19S -7.{f1i% - 6 - .. 41 - .571 
Cst Pica 3,153 -0.91447 -L. .- 25 - .tjH77 - .230H 

Tot& (; ra-tla -2.7194 -4.16.- 7 11 -3.247' -S.3434 
6 1Ovuor 278 -2.0"30 -3.4 04 -4..' 172 -1.5132 

211 -3.1747 -3 .7P20 -4.4.110 -3.4135 
340 -2.5 ,I -. i I I -0. .453 -3.2145 

6A 53,.t.,637 -2 .565 -. 454 -3. J3414 - 7.1,06 

Income e lastic: it iccW are genera]ly obtained by estimating Engel curves. 

These curves are of the form 

z,= r(Y, N) 

where 

Z1 expenditures on good 1 

Y income or total expenditures, and 

N the number of people in thle household 

As with demand curves, Engel curves may he estimated commodity by 

commodity or in a sy stem. For sing le commodity Enfgl curves, common 

forms are: 
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Linear
 

Z1 =a I + b1Y + C.N 

1 1
 

and estimated income elasticity = b 1 -

ZI
 

(Note that the above elasticity is calculated at the mean values of 

Y and Z. Frequently, one may want to use the values of Y and Z that 

correspond to particular income classes.) 

Log Linear: 

lnZ 1 = a1 + b lnY + C1lnN
 

and estimated income elasticity = b1
 

Semi-log: 

= a + bllnY + ClnNZ1 


and estimated income elasticity = 

+ b lnY + C lnNa1 

For systems of commodities, the linear expenditure system is typically
 

employed (see sectLon on systems of demand equations above). Here, the
 

relevant equations are:
 

n 
=Z I P.Xi = (P iy i - ai . PjYj) + Y i = 1, 2, ... n 

j=l 

where
 

It should be iioted that experience indicates that typica y the 
linear form I; infe-ior to the other forms. 
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All prices are assumed to be constant, and y. refers to the (fixed) 

base amount of commodity X. (i.e., the b amount.)Lsistence 

Cappi, et. al., dVr.Iwyod the fol.1owin,, income, et.sticit ties for Central 

America: 

Income Elasticities for Central Ar-ricaa
 

Product Guate7.1la El Salvador Honduras Nicairaqua Costa Pica 

WhOAt (flour) 0.60 0.70 0.70 0.70 0.40
 

S,! J'u~~~ ra2 0 .2 0 b 0.20 0 .2 0 b 0 .29b -

p0 . r .60 0.60 0.40
.bo 0.30 

MAIZe 0. 10 0.10 0.10 0.10 0.10
 

. c,trop 0.50 0.50 0.50 0.tO 0.20
 

Plantntn 0.30 0.20 0.20 0.20 0.20
 

GulroioO 0.30 0.20 0.20 0.20 0.20
 

S UAr 0.50 0.50 0.60 0.40 0.10
 
Lua Molasscs 0.20 0.20 0.20 0.20 0.20
 

Beans 0.40 0.40 0.40 0.20 0.30
 

Yreh vegetables 0.50 0.60 0.60 0.80 0.60 

fruits 0.60 0.70 0.60 0.40 0.40
 
Bananas 0.30 0.30 0.3 0 0.20 0.20
 

Bee 0.80 0.80 0.80 0.70 0.70
 

PUrk V at 0.50 0.50 0.50 0.50 0.50
 

Poul try 1.00 1.00 1.00 1.0 1.00
 

Eql 0.80 0.80 1.00 0.80 0.70
 

Sea food 1.00 0.bO 0.80 0.60 0.60
 
Milk and deriva

tives 0.80 0.70 0.70 0.40 0.50
 
Vegetable oils 0.80 0.70 0.80 0.60 0.60
 
Ani-ol fats 0.40 0.50 0.40 0.50 0.50
 

Coffee 0.50 0.80 0.70 0.50 0.50 
Alcoholi c
 

beverages 0.80 1.00 0.70 0.80 0.80
 

Total, nonfood e 
0.81 0.81 0.81 0.81 0.81 

glasticities estinated for Iq65.
 

bThe elasticity for this product was assumed to be equal to the 

correspond-in, elasticity 'CIL 1:lSalvador.
 
CEasti taken from -lu.tem.la.
 

d Elasti!rcL aragua. 

aElasticity for nonfood expenditures estimated by Musgrove for Cblombla. 

http:lu.tem.la
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v 

These elasticities were then combined with the estimates of W cited
 

previously and utilized in Frisch's equations fc- price elasticities.
 

The results are given below:
 

Direct Price Elasticitieas for Food, Central America
 

Product Guatem. la El Salvador Honduras Nicaragua Costa Rica 

Wheat (flour) 0.19 0.21 0.20 0.23 0.16
 

Sorghum (rval) 0.06 0.06 0.05 0.06 0.08
 

Rice 0.18 0. 0.I1 0.13 0. 12
 

Maize 0.03 0.03 0.03 0.03 0.04
 
Root crops 0.15 0.14 0.13 0.16 0.08
 

Plantain 0.09 0.06 0.05 0.06 0.08
 

Guineos 0.09 0.06 0.05 0.06 0.08
 

Sugar 0.15 0.15 0.17 0.13 0.04
 

Lump m lasses 0.06 0.06 0.05 0.06 0.08
 

Be an 0 12 0.12 0.11 0.07 0.12
 

Fresh vegetables 0.16 0.19 0.18 0.27 0.24
 

Fruit 0.21 0.30 0.20 0.10 0.18
 
ananas 0.09 001 0.01 0.06 0.08 

Beef 0.28 0.25 0.23 0.29 0.31 

Pork me-at 0.15 0.15 0.14 0.16 0.19 

PMult y 0.30 0.29 0.27 0.31 0.38 

Uqqgj 0.25 0.24 0.27 0.26 0.27 
Seafod 0.30 0.17 0.21 0.19 0.23 
Milk artd deriva

tives 0.26 0.22 0.22 0.15 0.21 
Vegetable 01Is 0.25 0.21 0.22 0.19 0.23 

Anira., fats 0.12 0.14 0.11 0.16 0.19 

CoQVC 0.15 0.24 0.19 0.16 0.19 

Alcoholic 

beverages 0.28 0.33 0.26 0.30 0.33 

For more examples of the Frisch technique and Engel curves see:
 

Cappi, C., L. lietcher, R. Norton, C. Pomarada, and M. Wainer, (1978),
 

"A Model of Agricultural Production and Trade in Central America,''
 

in W. R. Cline and E. Delgado (editors), Economic Integration in 
Central Am:rica, Brookilngs Institution, Washington, D.C. (Pages 

317- 370) 

Cramer, .J. S. , (1969), Eni rica.- Econonmetrics, North-Holland Publishing 
Co. , Amst.erdarm. (Chapters 3 & 7) 

De ,Janvry, A. , J. Bieri, nnd A. Nunez, (1972), "Estimation of Demand 
Parameters OEnder Ccoasrmeor Budgeting: An App]ication to Argentina,'' 
American Journal of_ Agricultural Economics, Vol. 54, 3. (Pages 422
430) 
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Frisch. Ragnar, (1959), "A Complete Scheme for Computing All Direct and
 
Cross Demand Elasticities in a Model with Many Sectors," Econometrica 
Vol. 27, #2. (Pages 177-196) (This article has also been reprinLOCI 
in Zel ner, Arnold (editor), (1968), Reading s in Economic Statistics 
and Econometri cs, l[ tt.c, Brown & Co., Bostn, pages 133-154). 

Houthakker, i. S., (157), "An nt:er "tional Comparison of Household 
Expenditure Patterns, CoMmemora t ing the Centenary of Engel's Law," 
Economet rica, Vol. 25, 04. (Pages 532-551) 

Intriligator, Michael. D., (1978), Econometric Models, Techniques, and 

Applications, P rentice-HallI Inc. , Englewood Cliffs, New Jersey. 
(Pages 216-230) 

Lluch, Constantino, (1971), "Consumer Demand Functions, Spain 1.958-1964," 
European Economic Review, Vol. 2, #3. (Pages 277-302) 

Phlips, L., (1974), Applied Consumption Analysis, North-Holland Publishing 
Co., Amsterdam. (Pages 100-115) 

Prais, S. J. and Hi.S. Houthakker, (1971), The Analysis of Family Budgets, 
Cambridge University Press, Cambridge (the whole book). 

Schultz, Henry, (1938), The Theory and Measurement of Demand, University 
of Chicago Press , Chicago. (Chapter 3) 

Stone, Richard, (1954), The Measurement of Consumers' Expenditure and 
Behavior in the U. K., 1920-1938, Cambridge University Press, 
Cambridge. 
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Supply Estimation
 

General Remarks 

Compared to the number of studies on demand, there are relatively 

few papers on the estimation of supply curves. The work that has been 

done deals almost exclusively with agriculture. The reasons for this are 

twofold: first, only competitive industries have true supply curves, and 

agriculture is perhaps the only industry thaa approaches a regime of 

perfect competition. Secondly, agriculture is basic to almost all economies, 

and has therefore attracted the attention of both economists and policy

makers.
 

One other item should be mentioned, and that is simply that with regards
 

to international markets, many countries are, as consumers, perfect com

petitors. Hence, they have no influence over price, and the supply curve
 

that they face is perfectly elastic. 

The Distributed Lag Model 

Without a doubt the most popular method of estimating agricultural 

supply is to use the distributed lag model made famous by Marc Nerlove. 

Strictly speaking, the model estimates the relationship between acres 

planted in a particular crop and expected price. It should be recognized 

that acres planted is not quite the same thing as supply. Weather and 

technology affect yields per acre, and hence trtal output. But over time 

good and bad weather periods average out, and technology is typically 

assumed to be exogenous. More importantly, the policymaker can hope to 

influence tLhe number of acres planted, but has no control over the weather. 
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The basic equation to be estimated is
 

,
 

Xt = a0 + a1 Pt + U (1)
 

where
 

Xt = acres of the crop planted
 

P = expected price, and
t 

U = a disturbance term
t 

Obviously, P cannot actually be observed. Nerlove argues that
t 

expected price is a function of all past prices, with the most recent prices
 

having the greatest influence. In addition, farmers are assumed to revise
 

their expectations of the price that will prevail in the coming year in
 

proportion to the error they made in piedicting this period's price. That
 

is, 

=
Pt Pt-l + B[Pt-1 - Pt-1 (2)
 

where
 

Pt-i = Price expected in period t-1 (i.e., last period's
 

expected price)
 

Pt-I = Actual price in period t-l, and
 

= The "cc-.ficient of expectation", where 0 < B < 1
 

From this equation it can be shown that (See Nerlove (1956), below): 

* 2
 
t B Pt- I + ( - Cl) 0 P t-2 + (I - 2 ) t-3 + (3)
- -~3 "''.. 3
 

Mien = 1 , we have the so cal led "na,v" ve ,i on of the model in 

-.
which only t1-h Mnst ro ,e ; pri,-( inf! ,nc o:.:p...t tLion (.s all other terms 

equal zero). 
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By recognizing that the number of acres planted last period (X t ) 

was determined by P t-l and making the appropriate substitutions, equation 

(1) can be rewritten as: 

+Xt = a0 + a I P -i a? (i Xt- l + Vt 

where V is a disturbance term different from U . Nerlove used the 
tt 

above equation to estimate the supply curves of cotton, wheat, and corn
 

in the United States for the period 1909-1932. Hfe compared this model to 

the naive version where = 1, and obtained the following results: 

A COsI'AI isON oi, Two .M -TIIoflS (SI-cIAL klt) GEN.IIAL) 0'()I ESTIMATINO TIHE 
EIAm rlr!i tu. Si PILY .4 N TII:If'. I 'tl-I: o . A 'iut : Toi!%4I:IREI, IIY ) 

E'.,,'tT'I P'it P 1 I lM (-1,-I'tN, W HIE. NT AND (I N (1909!1-V. 

mpt red S1pcid * thd Genr: etlhd
Crop and Magnitude 

Cotton: 
Elqtiritv O.q90 0.17 
CocfEleicnt of expectation ) 1.0 0.51 

(±.17) 

R1 0.59 0.74 
Trend 0.4 0.1S

(+ .m)(± .19) 

Wheat: 
.:lastirity 0.47 0.93 

Coefljcie:t of expectation (0) 1.0 (±0 .51 . ,) 

R0 .Ot 0.77
 
Trend 1.03 0.5.3
 

(±.17) (±.17) 

Corn: 
'laiticity 0.09 0,I8 

(oefficient of expectation (f6) 1.0 0.5 I 

| 0 . 12210 .35 
TrendI 1. 0. 1 G 
(,nit, (: .1) 

('li.fi~ure in pare'nthesest below the estiinirtts arc the .,tar~'lard error, of the',.t lmaei) 
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There have been attempts to elaborate on this basic model by including 

other related variables. A common approach is to estimate an equation of 

the following type: 

Xt = a 0 + a1 Pt-1 + a 2 (- ) Xt_ + a 3 W + a 4 ft + U 

where
 

W = a weather index, perhaps the amount of rainfall at 

planting t [me, and 

f = the amounr of fertilizer applied. 
t 

Rachel Dardis (See below) used this type of model in estimating a
 

grain supply model for the U. K., 1947-1963. Her results were as follows:
 

y = 574.1362 + 28.6959x I + 23.6234x 3 - 8. 335x I - 141.64x7 

(23.0258) (3.7171) (3.8038) (450.98) 

R2 = 0.92 d = 2.46 

,y'= 0.9266 + 0.7255x' + 0.9778x'3 - 0.1182xK - 0.1629x 7
 

(0.3432) (0.1711) (0.0511) (0.0595) 

9 

R= 0.91 d = 2.63 

= 3.4683 + 0.48960 11 + 0.8792x' 3 - 0.2323x'5 - 0.1526x 7 

(0.3325) (0.1591) (0.0958) (0.0575) 

R2 = 0.91 d = 2.97 

y 4642.5022 + 49.3398x2 + 17.1596x - 8.1100x - 48.8438x 63 4 


(25.8504) (4.1558) (4.5119) (46.6128)
 

R2 
= 0.90 d = 2.11 

= 5.8790 + 0.7452x'2 + 0.6255>:'3 - 0.1224x' - 0.6875x'6 

(0.3694) (0.1805) (0.0635) (0.5906)
 

R2 = 0.88 d = 2.20 
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where 

y is grain production (wheat, barley, oats) in the United Kingdom,
 

with no lag;
 

is the cereal price index deflated by the wholesale price index 
(WPl), with a I-ear lag; 

x2 	 is the cereal price index deflated by WPI, with a 2-year lag; 

x 3 is nitrogen consumption, a 3-year moving average ending in 

time t-1; 

x4 is fall rain, September to November, in England and Wales; 

and Wales;is 	 the aridity index in Englandx5 

a 3-year
is the net agricultural price index deflated by WPI,
x 6 
moving average ending in time t-l; and 

1947-48 to 1.956-57 and equals one x7 	 equals zero for the years 

otherwise.
 

The equations with the primed variables (e.g. y') are in log form. 

Despite the popularity of this approach, it is not without its critics.
 

Brandow for example (see below) claims that it produces biased estimates, 

and there is some doubt that the influence of past prices actually declines 

in a precise geomerivally diminishing lag. But the simplicity of the 

models together with their high explanatory power make them an extremely 

useful tool. 

For further examples of estimating supply equations see: 

Bateman, :.lerrill A., (1965), "Aggregate and Regional Supply Functions 

for Ghanaian Cocoa, 1946-1962 ,' Journal of Farm Economics, Vol. 47, #2, 

(pages 384-401). 

Behrman, Jere R., (1966), "Price Elasticity of the Marketed Surplus 

of 	a Subsistence Crop," Journal of Farm Economics, Vol. 48, #4, (pages 

875-893). 
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Brandow, G. E., (1958), "A Note on the Nerlove Estimate of Supply 

Elasticity," Journal of Frm Economics, Vol. 40, #3, (pages 719-722). 

Cowl ing, K. b T. W. Gardner, (1963), "Analytical Models for Estimating 

Supply Relations in the Agric.ultural Sector: A Survay and Critique," 

Journal OF Agricultural Economics, Vol. 15. #3, (pages 439-450). 

Dardis, Rachel, (1967), "The Welfare Cost of Grain Protection in the 

United Kingdom," Journal of Farm Economics, Vol. 49, 13, (pages 597-609). 

Dean, G. W., & E. 0. Heady, (1958), "Changes in Supply Response and 

Elasticity for Hogs," Journal of Farm Economics, Vol. 40, #4, (pages 845

860).
 

Gardner, T. W., (1962), "The Farm Price and the Supply of Milk," 

Journal of Asricultural Economics, Vol. 15, #1, (pages 58-73). 

Heady, E. 0., C. B. Baker, H. G. Diesslin, E. Kehrberg, & S. Staniforth, 

(1961), Agricultural Supply Functions, Iowa State University Press, Ames, 

(Chapter 4). 

Krishna, Raj, (1963), "Farm Supply Response in India-Pakistan: A
 

Case Study of the Punjab Region," The Economic Journal, Vol. LXIII, #291, 

(pages 477-487).
 

M;ingahas, M., A. E. Recto, & V. W. Ruttan, (1966), "Price and Market 

Relationships for Rice and Corn in the Philippines," Journal of Farm 

Economics, Vol. 48, 43, (pages 685-703). 

Maddala, G. S., (1977), Econometrics, McGraw-Hill, New York, (Chapter 

16). 

Nerlove, Marc, (1956), "Estimates of tle Elasticities of Supply of 

Selected Agricultural Commodities," Journal of Farm Economics, Vol.. 38, 

#2, (pages 496-509). 
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Nerlove, Marc, (1958), The Dynamicsof Suplv_ Estimation of 

t_o Price, The Johns Hopkins Press, Baltimore.Farmers' Resp onse 

Supply Est ima.ts pron ModelsIJr!gramminlg 

Linear programming models can "Aso b. used to derive sup)ly curve 

e';timates. However, it should be emphasized that supply functions 

obtained in hiis manner are normative. In other words, linear programming 

to a given problem, not necessarilytechniques generate the optimal solution 


the actual solution. Linear programs can tell you how much of a given product
 

should be produced under various price regimes, but there is no guarantee 

that the optimal amount will in fact be produced. (hne can only hope that 

there is some definite correlation between what ought to be done and what 

is actually done. 

Another peculiarity of supply functions derive& from linear program

ming models is that they resemble step functions, as illustrated below: 

Price
 

0ut
 

Quant ity 0 
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This phenomenon arises because the production possibility curve used in 

linear programs is simply a series of linear segments. Hence, no marginal 

changes occur. If price changes sufficiently to cause a new plan to 

become optimal, a discrete quantity adjustmcnt takes place. 

The actual process of obtaining a supply curve is explained in great 

detail in a superb book by Heady and Candler (see below). Basically, what 

is done is to solve a linear program for an optimal plan under the 

assumption that the price of the good in question (X) is zero. The 

simplex method generates results that sliows determination of how far the 

-.ce of X must rise before this initial plan is no longer optimal. In 

other words, it is possible to determine the minimum price at which good X 

can profitably be produced. (Note that this avoids having to solve linear 

programs for every conceivable price). A new solution is then calculated 

using this minimum price, and the optimum quantity of X is determined. 

As oefore, one can also determine the price range in which this new plan 

is optimal. By choosing a price slightly above this range, the linear 

program can be solved for yet another optimal plan, and so forth. 

An example taken from Heady and Candler may help illustrate the idea. 

Consider a farmer with two critical resource constraints, capital and 

labor. He has $5,000 worth of capital, and 200 hours rf labor for the 

limiting month. His input-output matrix is as follows: 
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iaput-Output Coefficients for Example of Variable-Price Programming 

Heal activities 

Item Corn A Corn B th,_:6 A ll,,s B Dairy Hog selling 
P, P P3 P4 P5 P, 

Units Acre Acre Cow Litters 
litters hitter., 

r9esources and size of 

input units: 

Capital ($10) 20 39.5 100 105 3 0 

Labor (10 hrs.) 1 2 2 1.5 2 .1 

Corn (10 bu.) 0 0 1 2.5 1 0 

Hogs (liters) 0 0 0 0 0 1 

Outputs: 

Corn (10 bu.) 1 2.1 0 0 0 0 

Hogs (litters) 0 0 1 2 0 0 

Net revenue (ck=0)($) -10 -23 -80 -170 40 0 

Net revenue (ck-1.201f$) 2 2.2 -92 -200 28 0 

Note that there are two corn growing activities (indicating two alterna

tive technologies), two hog producing activities, one dairy activity and 

one hog selling activity. Note also that corn appears as both an input 

and an oatput. Tis is because corn is an intermediate good used in the 

production of hogs. The price of corn is indicated as ck . 

With the above information, the linear program is solved using profit
 

maximization as the objective function, and with the assumption that the 

price of hogs is zero. The solution to this problem is summarized in the 

table below along the line marked plan 1. There should be 6.7 units of 

corn production and 6.7 units of dairy production. (In actuality, one 

would have either six cows fed slightly more than what the plan calls 

for or seven cows fed slightly less). There would be no hog production, 

and there would be $3,466.70 worth of capital unused. Note that this 

plan is optimal for any hog price below $118.50 per litter. 

http:3,466.70
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Plan Sunmmary for One-Prio-y, r-tahle Programming 

Activitws 1n; rc 

Pln H$,, Capital Labr L!hiz Corn 
Number Corn A Corn 13 Ibois A ffts B f).Diry 0 111:1, dl.i-),s;1 disfp,.i1 1.,wial disposal Min. Ma x. 

P, 132 1, P4 P I), B- P. pq P10 

1 6.7 0 0 0 6.7 (3 3,4r,6.7 0 0 0 118 50 
2 0.8 0 0 2.8 2.7 5.6 0 0 0 0 11,50 155.91 

3 0 4.8 0 2.9 2.8 5.8 0 0 0 0 153.91 200.00 
4 0 3.9 0 3.3 0 6.6 0 6,6 0 0 200.00 ifinite 

To obtain a normative supply curve for hogs, one needs to repeat the
 

process using higher and higher hog prices. For example, for hog prices
 

between $118.50 and $153.91 per litter, plan two is optimal, and hog produc

tion rises to 2.8 units. If hog prices go up into the range between
 

$153.91 and $200.00, hog production should rise to 2.9 units. Should
 

prices rise above $200.00, plan 4 would become the most profitable. The
 

reader should notice that no matter how high hog prices go above $200.00, 

hog production will not be increased beyond 3.3 units. This is because 

of the resource constraints built into the problem which make it physically 

impossible to produce more hogs. 

For further examples and discussion see: 

Candler, Wilfred, (1957), "A Modified Simplex Solution for Linear 

Programming with Variable Prices," .Yournalof Farm Economics, Vol. 39, 

#2, (pages 409-428). 

Heady, E. 0., and W. Candler, (1958), Linear Programming Methods, 

Iowa State University Press, Ames, (Chapter 8). 

Heady, E. 0., C. B. Baker, H. G. Diesslin, F. Kehrberg, and 

S. Staniforth, (1961), Asr[cultural Supply Fuactions, Iowa State University 

Press, Ames, (Chapters 5 and 8). 
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Hildreth, Clifford, (1955), "Economic Implications of Some Cotton
 

Fertilizer Experiments," Econometrica, Vol. 23, #1, (pages 88-98).
 

Toussaiint, W. D., (1958), "Programming Optimum Firm Product Supply 

Functions," Southern Cooperative Series Bulletin, No. 56, (pages 62-75).
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The 	 Identification Problem and Simultaneous ECuation Estimation 

Consider the following simple supply and demand relationship: 

Qd 	 a 1l + b 1. P + 11
 

a2 + b P + V
 

Qd =
 Qs
 

where
 

Qd =	 quantity demanded
 

Qs 	 quantity supplied 

P = 	 price, and 

u & v 	= disturbance terms
 

Suppose that the demand equation is fairly constant over time, but
 

that the supply equation shifts frequently due to a variable not included
 

in the supply equation (e.g. rainfall). For example, for three periods
 

the situation might be as follows:
 

Price 

S3
 

A
 

/ 

= 	 =DI 	 D2 ) 3 

Quantity
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Points A, B, and C represent the equilibrium price/quantity combina

tions for the three periods. The fact that the demand curve is stable and
 

the supply curve is not allows us to trace the demand curve, and hence
 

estimate it. The demand curve has in fact been identified (though the
 

supply curve has not been identified). It is sometimes argued that this
 

situation approximates agricultural markets where demand is fairly stable,
 

but supply fluctuates with the weather.
 

But now suppose that both equations shift over time so that the
 

situation is:
 

Price , 
 3
 

1)D9 

Quantity 

Clearly, on the basis of an econometric study using the sirple 

supply and demand model presented above, neither the supply or the demand 

curve could be accurately estimated. The system is not identified. 

Let us hypothesize that the shifts in the demand curve are due to 

variations in income, and that the shifts in the suppl.y curve are due to 

variations in the amount of rainfall. Our model now becomes: 
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+ + Y +Qd =al bl P 1c1 


Qs a 2 +b 2 P+c 2 R + v 

=Qd Qs 

where
 

Y = income, and
 

R = rainfall
 

The system now contains two jointly determined or endogenous variables 

(price and quantity) and two exogenous variables (income and rainfall). 

Note that Y and R each occur in only one of Lhe equations. They e:.:plain 

the shifts of the functions, and allow the system Lu be identified. How

ever, estimating these equations by means of ordinary least squares will 

generate inconsistent estimators for the parameters. This is because the 

price variable is correlated with both disturbance terms. Hence, an 

alternative estimnt.on technique is required. 

There are a variety of simultaneous equation estimation methods 

available. The first step in these methods is to solve for the "reduced 

form" equations. In other words, solve the simultaneous system for Q and 

P to obtain: 

aI1 b 2 1
Q b2 
aab2I b I + bcI2 b 2 b1 Y bc22 b-Ib1 R + m
 

a b - a 2 1 cb-Ib2 b1-b2 c 2 b -P + Y R+ n 

b2 -b b -b b - b 1
 

where m and n are residuals. Then define:
 

http:estimnt.on
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a1 b2 a2 b1
 =i b2 -b 1 

c I b 2 
= 
112 b2 -b
 

c 2 b 1 
=
 113 b - b 

aI - a
 
a11 a2
 

114 b2 -b
= 

c1
 
=if5 

2 - b 1 

c 2 

116 h2 -b 

So the reduced form equations become
 

Q = 7I + 7T2 Y 	+ "113R + m
 

+
P = 4 + 'I5 Y T6 R + n 

By estimating these reduced form equations, estimates of the original
 

parameters may be found:
 

b2 = 11 

7r 
5 

cI '5 (bl1 - b 2) 
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c 2 = T 6 (b 1 - b 2 ) 

a1 = 7rI 	 - b I 7r4 

7r
2 = 7TI 	 b2 4
 

Karl Fox (see below) used a simultaneous system to estimate consump

tion aid production of pork in the U.S., 1922-1941. His estimated reduced 

form equations were 

2

in q = 	-. 06 in Y + .84 in Z R = .91 

(.06) (.07)
 

2
in p = 	.97 in Y - .96 In Z R .92
 

(.10) (.11)
 

where 

q = per capita pot: consumption 

p = the retail price of pork 

Y = per capita income, and 

Z = pork production. 

Using the relationships described above, the estimates for the
 

structural equations were
 

Supply: in q = 0.062 In p + .77 in Z
 

Demand: in p = -1.14 in q + .90 in Y
 

Price and income elasticities of the demand for pork were obtained
 

by taking the reciprocals of the coefficients in the price equation.
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Therefore, the price elasticity was -1/1.14 = -.88, and the income 

elasticity was l/.90 = 1.11. 

For further discussion of the simultaneous equation problem and 

examples of estimation procedures see: 

Beals, Ralph, (1972), Statistics for Economists, Rand McNally and 

Co., Chicago, (Chapter 14). 

Cramer, .1.S., (1969), Empirical Econometrics, North-Holland Publishing 

Co., Amsterdam, (Chapter 6). 

Fox, Kar] A., (1958), Econometric Analysis for Public Policy, Iowa 

State University Press, Ames, (Chapters 2-7). 

Intriligator, Michael 1).,(1978), Econometric Models, Techniques, 

and Applications, Prentice-Hall, Inc., Englewood Cliffs, New Jersey, 

(pages 230-233 and Chapters 10-11). 

Leser, C. E. V., (1974), Econometric Techniques and Problems, Charles 

Griffin & Company Ltd., London, (Chapter 4). 

Maddala, G. S., (1977), Econometrics, McGraw-Hill, New York, (Chapter 

11).
 

Wallis, Kenneth, (1973), Topics in Applied Econometrics, Gray-Mills 

Publishing Ltd., London, (Chapter 4). 

Walters, A. A., (1970), An Introduction to Econometrics, W. W. Norton
 

& Co. Inc., New York (Chapter 7-8). 
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Production Functions
 

Production functions are mathematical expressions of the technological 

relationship between inputs and output. Their general form is represented 

by the expression: 

Q = f(X1 , X9 , ... X )
- n 

where
 

Q = output, and
 

X. = inputs. 

In many econometric studies, only two 
inputs are specified. When
 

the study is of an industrial output, the inputs typically chosen are labor 

and capital. Labor is usually measured in terms of man hours of a 

particular skill category. However, the measurement of capital roises 

complex problems which have no clear cut solution. These problems arise 

because "capital" is such a heterogeneous item, and because capital values 

are quite sensitive to depreciation and accounting practices. In practice,
 

capital is sometimes measured in terms of net cnpital stock. When there 

is a situation in which only one type of machine is in use, 
capital can 

alternatively be measured in terms of numbers of these machines. For 

both labor and capital, both time series and cross section data can be 

used.
 

With respect to agriculture, the most important inputs may not be 

capital and labor. Heady and Dillon (see below), for example, used 

pounds of corn and soybean oilmeal in their pro'I"ction function for hogs 

on pasture. 
The point is that the "right" inputs to -include depends 

upon the nature of the situation. 
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Often times a parameter of interest is the elasticity of substitution, 

which is a measure of the relative ease of substituting one input for 

another. If tile production function is 

Q = f(K, L) 

then the elasticity of substitution is
 

d In (K/L) P L/MPK d(K/L) 

d I n (iPL/MP K K/L d (MPL/MP K ) 

where 

K = amount of capital input 

L = amount of labor input
 

MPL = 3Q/AL = marginal productivity of labor, and 

MPK = DQ/DK = marginal productivity of capital
 

If a = 0, then no substitution between inputs is possible, whereas 

= implies that inputs are freely substitutable for each other. 

The most popular form for empirical estimation of production i-actions 

is the Cobb-Douglas function: 

Q = ALI K 

where A, c and A are parameters. Note that c and Q are the output elasticities 

of labor and capital, respectively. 

The elasticity of substitution for the Cobb-Douglas production 

function is always equal to one. Moreover, the sum of c and 5 represent 

ret urns to scale, i.e., 



466 

* + = I implies constant returns to scale 

*. + S > 1 implies increasing returns to scale, and 

* + B < 1 impl ies decre.+sing returns to scale. 

There are a couple of ways in which the Cobb-Douglas can be estimated. 

One is to simply estimate the production function itself in log linear 

form:
 

In Q = A + ca in L + S in K + P.
1
 

where pi is a disturbance term.
 

If one is willing to assume constant returns to scale, then a + S = 1 

and 5 1 - a. The above equation then becomes 

In Q = A + a In L + (1 - ) In K + p. 

Dividing through by L, we get the "intensive" form of the Cobb-Douglas 

function, which is an alternative estimation form:
 

In = A' + (1 - ) In K + V. 

A generalization of the Cobb-Douglas that allows for a non-unitary 

elasticity of substitution is known as the transcendental logarithmic or 

"translog" production function. It is of the form: 

In Q = A + a in L + B in K + y in L In K + 6 (ln L) 2 + E (in K )2 

This function is obviously quadratic in the logs of the inputs, and 

reduces to the normal Cobb-Douglas if y = 6 = £ 0. For more than two 

inputs, the function is written: 
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n n n 
in Q = A + E i a i n X.i. +-i 2. E Z Yij in X. in Xj 

i=l 1=1 j=l 

A second major family of production functions is the constant elasti

city of substitution or CES production functions. These functions are of
 

the form:
 

-]
- p + (1 - ) K 

= A [a. LQ 

In this case:
 

MP = oA(R)P+l
L A L 

MP = 1- (Q)P+ and 
K A K 

1 

1+p 

It should be noted that the Cobb-Douglas is a special case of the CES 

where the elasticity of substitution is always equal to one. The CES, 

developed by Arrow, Chenery, Minhas and Solow (see below) is a more general 

approach in which o may take on values from zero to infinity. 

The CES is typically estimated under assumptions of profit maximization 

in the form: 

in - - In 1 = In A' + i
L1+ P P P 

where W/P is thc real wage rate. 

Other production function forms are the quadratic: 

2 .2Q =a 1 + 2 1i +3 2 - 4l 1 '5 6-1_ 2=I+a25X2 +6 X 
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and the square root: 

Q =aaX +a +a41V + IA 3- AF/VF_ a 
Q 1 +a 2 X 1 +a 3 2 + 4 1 2 6 1 2 

where X1 and X2 are inputs. These equations are often associated 

with the "engineering" approach to production functions. This approach 

typically does not focus on capital and labor as Inputs, but rather on 

more concrete and specific items. For example, if Q is the quantity of 

milk produced by a cow, X and X2 may refer to amounts of alfalfa and 

grain.
 

Heady and Dillon (see below) used the quadratic, the square root, 

and the Cobb-Douglas forms to estimate the production function of weight 

gain for hogs. The resulting equations were: 

Quadratic:
 

2 2
Y = 1.7536 + .2988 C + .9828 P + .00003012 C - .003880 P _ 

.0001684 C P 

Square Root: 

Y -17.4939 + .2472 C + .03568 P + 1.425 a /J+ .6.6133 

- .08138 VE 5 

Cobb-Doublas:
 

Y = .5493 C'8426 P1604
 

where 

Y = pounds of gain 

C = pounds of corn, and 

P = pounds of soybean oilmeal. 
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Cramer (see be.low) reports the results of a study by Hildebrand and
 

Liu using a Cobb-Douglas production function for the manufacturing sector.
 

Two equations were employed, the first (numbered 10.28 by Cramer) was 

=X AVp VN VP N K 

where 

X = total output
 

Vp = production workers
 

VN = non-production workers, and 

VK = capital.
 

The second equation (numbered 10.29) was 

X = AVk V
1. K 

where V is simpLy the amount of labor used, with no distinction as to 

type. The data was frcm 1957, and the results were as follows: 
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Vol.
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Cram r1113.5., (199, Emircl: Econ) Itrc,, North-Hollan 
anctioil Stat , iv.esi, y pess, A1 s.PblshingCo. . (hate 1)(2 l : (i , Amteram 

Brown, 8urray (editor), (1967), The theoryand Empirical Analysis 

of Heroy, K. 0.,,-Pro-duct-ion, . B.Lheneryn,.(1961)n, sicuR.National Bureau of Economic Research,nra 1olProduct6ionNew York, (pages 

55-389).
 

Cramer, J. S., (1969), Empirical Econometric-s, North-Holland 
;ind StapLictis, Vrol. elll~#3 Inc.1(aegeoc Clif5-N250).gs 62Publtishing Co., Amsterdam, (Chapter 10). 

Heady, E- 0., & J. L. D-H-Ioii, (1.961), Ag$ri cult tiral1Production 

Functions, Town State University Press, Ames. 

lntri ligat:or, Michael D. , (1978), Eco(!Jnomet ri[fModels, Techjniques., 

andA).1 icatLi ons , Prentice-Hll Inc. , Englewo+od C1 iFfs, N. J. , (pages 262

280).
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Leser, C. E. V., (1974), Econometric Techniques and Problems,
 

Charles Griffen & Co., Ltd., London, (Chapter 5).
 

NadLri, Ishaq M., (1970), "Some Approaches to the Theory and Measure

ment of Total Factor Productivity: A Survey," Journal. of Economic Litera

ture, Vol. VIII, #4, (pages 1137-1177). 

Nerlove, Marc, (1968), "Returns to Scale in Electricity Supply," 

in Arnold Zellner (editor), Readings in Economic Statistics and Econometrics, 

Little, Brown & Co., Boston. 

Smith, Vernon L., (1961), Investment and Production, Harvard Univer

sity Press, Cambridge, Mass., (Chapters 1-0). 

Wallis, Kenneth, (1973), Topics in Applied Econometrics, Gray-Mills 

Publishing Ltd., London, (Chapter 2). 

Walters, A. A., (1963), "Production and Cost Functions: An Econo

metric Survey," Econoinetrica, Vol. 31, #1, (pages 1-66). 

Walters, A. A., (1970), An Introduction of Econometrics, W. W. Norton 

& Co., Inc., New York, (Chapter 10). 
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I nlput Demand Estimation 

Input demand functions can be estimated in a variety of ways. The
 

simplest approach is to use a partial 
equilibrium model of the form: 

X=a+b P+j 

or
 

In X = a + b in P + i 

where X is the factor in question, P is its price, and jiis 
a disturbance
 

term. Alternatively, one may wish to include the prices of other factors
 

in the equation, so as to obtain:
 

X a + b P + c P + ... + n P + 1x y z 

or
 

ln X = a + b in P + c In P + ... + n in P + j 
x y z 

where P, Pz etc. are 
the prices of related inputs.
 

Cromarty (see below) employed a technique similar to this in estimating 

the farm sector's demand for tractors. Using U.S. data for the period
 

1926-1956 (omitting 1943), the following demand equations were obtained: 

Least squares estimates, R .78 

Y = 2210.69 - 1.689Y + .092X2 + 1.434X _ 990X 
6 2/x1 ( 3 9
 

(.846) (0.58) (.389) (.195)
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Maximum likelihood, limited information estimates,
 

Y = 3.229.98 - 2.726/x + 0.36Xr)+ 1.817X 3 - 1.130X9
 

(.960) (.061) (.391) (.184)
 

where
 

Y manufacturers' shipments of wheel type tractors (excluding
 

garden) for domestic farm use
 

Y2/x I 
= the ratio of the index of retail prices for farm tractors
 

to the prices received by farmers
 

X2 = net cash receipts received by farmers in the previous year
 

X3 = an eight year weighted average of the number of tractors on
 

farms
 

X9 = average tractor sales for the previous five and six years.
 

Input demand functions can also be derived from production functions.
 

Consider the Cobb-Douglas production function:
 

Al KQ = AL"i 

Taking partial derivatives gives: 

, 0 A ", - 1. ( _ -- :=aAL K = " 
I. . 

,,_ , K- _ 

5K K
 

Setting these marginal products equal to the real wage rate and real 

rental rate, respectively, produces the first order conditio:is for profit 

maximizat ion: 

http:3.229.98
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L P K P
 

or
 

cxQ W 
-L P
 
-6Q r
 
K P 

which implies
 

K _W
 
L c r
 

where
 

W = wage rate, and
 

r = rental rate of capital.
 

Solving this equation for K gives:
 

K =. . . . L 
ci.r
 

Plugging this back into the production function produces:
 

Q =ALC B W L)
Ct r
 

Solving this for L generates the demand function for labor, which
 

may be estimaLed directly: 

In L = A' - 2 W I 
S+ in -+---- In 9 

Th+mr +a 

The demand for capital may be obtained analogo,usly. 
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An alternative formulation may be obtained by solving the Cobb-


Douglas production function directly for L. This gives:
 

- -P,/ I/ r
L A I / ( K t 

which is typically estimated in log form:
 

in L = A' - _BIn K + 1 in Q 

Still another approach is to use a so-called "labor-adjustment model"
 

where capital and desired output are considered fixed in the short run. 

In this case, labor demand is assumed to adjust itself each period in 

accordance to how close the actual amount of labor used is to the desired 

amount of labor. The adjustment mechanism is: 

L 
t _ 

Lt- L1 

where 

L = actual labor use in period tt
 

Lt_ 1 = actual labor use in period t-l
 

Lt desired labor use in period t, and
t
 

= adjustment paramter: 0 < X < 1
 

Putting this formula into the Cobb-Douglas production function and 

solving for In Lt gives the demand for labor function: 

In L =(I-AX) In L -XnA -- ln K + - in Y 
t t-l a-a t O t 
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Waud's study (see below) used a labor demand function derived from a
 

Cobb-Douglas production function under the assumption of perfect competition.
 

By assuming a log linear demand for output function he estimated the elasti

city of production worker manhours with respect to wages, capital costs,
 

and (;NP. Using data from U.S. manufacturing industries from 1954-1964,
 

aud obtained the following results: 

Production Worker Manhour Behavior i, U.S. Manufacturing 
Indutstry, 1954-i 964 

( "a)t 0I
 
Industr'Y Wage 
 ,:pit:! 'NI' R2 Id 

7ood0 n.516 0.157 .()36 0.920 
(0. 145) (0).06() Or O( 2.137 

Apparel -0.297 0.136 (O. 96 0.726 
(0.442) (t).154) (0.173) 1.596 

Paper 0.613 0,364 0.583 0.846 
(0.345) (o.095) W.f!52" 2 109 

Chemicah -0.654 0.339 .69() 0.674 
(0.27)) (0.1 15) 0 136 1.7 9 

Rubber and pldstic< - 1.334 0.675 I ..IM 0.861 
(0.748) (0.2281 ((.2 11) !.737 

Stone, clay an 1.967- 0.445 1 466 0.574
vla.rs M0.776))1.1 21 (0.331) i.5115 

Fabritv.' 'w ! 2.36()- 0.317 1.6 3 0.771 
(0.708) 0.12,1) (o24 ) 1.938 

.h'I-jn'r,. c \ t't 2.11)3 0.99. 2.3,:' 0.791ce.t t 'l.0! €(f192)2.. 21) ,) V€IIt.,2) 1,3'99 

Fec':ital .ichtaery 2.112 0,943 1 256 0.77! 
W.O.838( (0.217) 11.259) 0.9!0 

For further examples and discuss :n: see:
 

Cromarty, Will iam A., (1959), "The T
' arm Demand for Tractors, 

Mach inery ;ind 'rutcks," Journal of Farm Economics, Vol. 41, #2, (pages 

323-331). 
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Criliches, Zvi, (1.959), "The Demand for Inputs in Agriculture and
 

a Derived Supply Elasticity," Journal of Farm Economics, Vol. 41, #2, 

(pages 309-322). 

IntriIiga tor, Michael D., (1978), Econometric Models, Techniques, 

and Applications, Prentice-Hall, Inc., Englewood Cliffs, New Jersey, 

(pages 285-288). 

Nadiri, Ishaq -1., (1970), "Some Approaches to the Theory and Measure

ment of Total Factor Productivity: A Survey," Journal of Economic Literature, 

Vol. 8, 14, (pages 1.137-1.177). 

Waud, R. N., (1968), "Man-Hour Behavior in U.S. Manufacturing: A 

Neoclassical. Interpretation," Journal of Political Econony, Vol. 76, #3, 

(pages 407-427).
 

'.!ilson, T. A. , & 0. Eckstein, (1964), "Short-Run Productivity 

Behavior in U.S. Manufacturing," Review of Economics and Statistics, Vol. 46, 

#1, (pages 41-54). 
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Projections
 

The ability to project present trends and tendencies is frequently
 

useful, and indeed even necessary, for the policy maker. Thereforc [t is 

useful to consider some bacic methods for making such projections. 

One approach to making projections is the univariate method which
 

focuses on the movements of a single variable. No attempt is made to
 

explain the movement of this variable. Instead, the lpprac h Ls to try 

and construct a model of the way it moves over time.
 

There are usually four components to a univariate time series, namely
 

the tread (T), cyclical fluctuations (C) seasonal variation (S), and
 

irregular movement (I). The actual value of the variable j i question (Y) 

is hypothesized as being some combination of these components, e.g.:
 

Y=T+C+S+I
 

or
 

Y = TCSI
 

In broad terms, the trend component may be thought of as that part
 

of the time series which displays a smooth regular movement over a fairly
 

long period of time. The seasonal component of a time series can be thought 

of as that component which displays a regularly recurring pattern during 

subperiods of any specified period of time. Rice production, for example, 

may display a fairly regular monthly pattern from yeart_ to year. 

The cvclical component of a time series can he thought of as that part 

of the time series that displays3 a fairly long-term, but not necessarily 

regular, movement around the trend. It usually is diff cult to justify 



479
 

assumptions about the length and form of the cyclical movement of a
 

time series. As a result, it generally is necessary to treat the cyclical
 

component of a time series as a residual which is estimated after the trend 

and seasonal components have been identified and irregular movements averaged 

out. An alternative approacl is to treat the cyclical and trcnd component 

as a sinle component and not attempt to estimate them separately. This 

approach in especiall common when the investigator is interested primarily 

in adjusting for seasonal varijations. 

The irregular component of a time series can be thought of as that 

part of the time series that varies sporadically from period to period. 

Irregular movements may be due to chance events such as floods, strikes, 

or diseases. Irregular movements usually are smoothed out and "hidden" 

by averaging techniques. 

It is assumed that the "components" of a time series can be regarded 

as independent of one another and therefore can be estimated successively 

rather than simultaneously. Projections based on univariate analysis are 

therefore bKsed on the assumption that time series movements follow fairly 

regular patterns. Whiile this assumption is not always justi fied, it does 

allow projections to be obtained quickly from relativly l ittle information. 

There are a variety oftway:; of projecting the trend component of a 

time series. One technique is to assume that the s v:tem Ia:; a certain 

momentum, and that it will continue along in the future the way it has 

in the pa.st. For example, one might hypothesize tMat a variable might 

change by the same absolute amount uacn period. That is, 

Yt- - Yt-2 " Yt-2 - Yt-3' etc. 
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which implies that 

Yt = 2Yt-l - Yt-2 

where Yt is the value of the variable to be estimated for period t. 

Another version of the same idea is to postulate that the variable 

changes by the same proportion each period. Hence, 

t^ Y t-I Y 
)

Yt t i + -- (t-1 - t-2 

Still another variation of this same theme is to hypothesize that
 

the variable is a weighted combination of past values. In that case,
 

CO 

Y = Z b. Yt 2. t
i=l
 

The values for b. may be estimated from information on past periods. The
 

reader might note the similarity of this approach to the one used in
 

Nerlove's distributed lag supply model discussed above.
 

Another method is to project a linear trend line using semi-averages. 

To do this, one first divides a time series into two parts. The mean value 

of each part is crmiptited, and centeCred at the midpoint of the time intervals. 

By jo-ining, the two points with a straight line, a trend I int is' obtained. 

This technique can be illustrated using the rice production data in 

the table on the following page. 
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Rice Production, Y Estimated Trend 

Year X (Thousands of MT) value Y* 

22.8 	 21.36
1970 -2 

20.6 	 20.44
1971 -1 


19.52
1972 0 	 19.5 

17.8 	 18.60
1973 	 1 

16.9 	 17.68
1974 	 2 

16.0 	 16.76
1975 	 3 

15.6 	 15.84
1976 	 4 


14.92
1977 5 	 15.4 

13.8 	 14.00
1978 	 6 


13.08
1979 7 	 13.2 

8 12.0 	 12.16
1980 


Since the period 1970 to 1980 covers an odd number of years, the 

middle year, 1975, is omitted. The means of the two parts can then be 

based on the same number of years and are easily centered. For the first 

period the average is 

= 22.8 	 + 20.6 + 19.5 + 17.8 + 16.9 = 19.52 
1 5 

= 
For the second period the average is Y2 14.00. 

The equaLion for the linear trend line is Y* = a + bX where Y* is 

the estimated trnd value and X is a time variable. Since 1972 is the 

midpoint of tihe first ialf of the data, X=0 in 1.972, and increases 

(decreases) by one for each year that one moves forward (backward) in 

time. Hence, the equati on for 1972 is 

=Y* = a + b (0) or Y* a 

We will assign to a the value of the mean for the first part of the data. 

Hence, Y* for 1972 equal:, 19.52. Fov other years, however, we must 
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calculate the slope coefficient, b, which represents the average annual 

chaage in rice production. Solving Y* = a + bX for b we have 

Y* - a

b -

Using the mean value for part two of the data as another measure of Y*, 

we have 

b 14.00 6- 19.52 = -92

6 

Note that X=6 here because the midpoint of section two of the data is 

1978. We now have the whole trend line: 

Y* = 19.52 - .92 (X)
 

Since this line is negatively sloped, it is clear that rice production is 

declining. If it continues to decline at the present rate, then by 1985, 

rice production will fall to 

Y* = 19.52 - .92(13) = 7.56 units.
 

A more common method of obtaining a linear trend line is by using 

least squares esLimates o' the equation Y* = a + bX. If the time scale 

is selected so thit A = 0 the trend line coefficients are obtained by 

solving the equations: 

Y and b---

The data on cattle in the table on the following page can be used to 

illustrate the procedure. 
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Cattle, Y 

Year X (In 1000s) 

4.2 

1973 -3 4.6 


197/ -2 5.2 


1975 


1-972 -4 


-1 5.7 

1976 0 
 6.2 


1977 1 
 6.6 
1978 2 7.1 

1979 3 7.6 

1980 
 4 	 9.1 


The least squares coefficients are:
 

ZY 56.3= a = n - 9 - 6.255 

and b = 	ZXY _ 3.3 0.555
 
an2 60
 

The trend line is therefore equal to 

Y* = 6.255 + 0.555X
 

where X is in units of 1 year with its origin at 

forecast 	 for 1982 is therefore equal to 

Estimated Trend
 
Value Y* 

4.035
 
4.590
 
5.145
 
5.700
 
6.255
 
6.810
 
7.365
 
7.920
 
8.475
 

1976. The linear trend 

Y* = 6.255 + 0.555(6) = 9.585 head
 

=(Y* a + bX + cX 2 ) 
Similar procedures are available for estimating parabolic 

and exponential. (Y" a1) trend curves. 

method of moving averages. TheYet another tk':hni quo i:; known as the 

requ irud to o) Lain a moving average are very easy, and yetcomputa t ions 

is not forcedthe method is extremely flexible in the sense that the trend 

to conform to any particular mathematical function. 
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Given a set of numbers Y, Y2 ' .... Y; a k-period moving average is 

defined by a sequence of wmithematical means: 

Y Y2 + "' +Yk Y2 3 + .. + YK+" 

k k 

Yn+l-k + Yn+2-k + ... 4 YU 

k 

The data listed below on farm employment can be used to compute a three 

year moving average:
 

Number of 3-Year 3-Year
 
Year Employees Moving Moving
 

(1000's) Total Average
 

1970 73.2 -- -

1971 81.9 223.6 74.53
 
1972 68.5 233.2 77.73
 
1973 82.8 239.6 79.86
 
1974 88.3 256.7 85.56
 
1975 85.6 261.3 87.09
 
1976 87.4 253.8 84.60
 
1977 80.8 251.6 83.86
 
1978 83.4 245.7 81.90
 
1979 81.5 -- --

Beginning with 1970 we have 

73.2 + 81.9 + 68.5 223.6 
_____ -~ - 74.53 

3 3 

This average is located to correspond to the middle year 1971. To compute
 

future values of a moving average requires knowledge (or assumptions) about
 

the future value of the time series. As a result, moving averages are 

seldom used direct.y for making forecasts but nq a first step in studyiqg 
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deviations from the trend and the analysis of seasonal variations. 

The abilit-y to accurately assess the seasonal component ot a time 

series is frequentlyL iportant. 'An agency that find:.; potato prices up 

by 30 percent in June may want to know if ,such an increase is consistent 

with an annually-recurring pattern before making decisions about price 

controls or importation of potatoes.
 

There are many ways to measure seasonal variation. The basic goal of 

most approaches is to obtain a seasonal index that can then be used to 

adjust the original data for seasonal variations. For quarterly data, a 

seasonal. index consists of 4 numbers, one for each quarter. The methods 

discussed in this section tire useful for measuring constant seasonal. 

patterns, that is, seasonal- patterns that do not change over time. Seasonal 

indexes computed on the assumption of constant seasonal patterns must be 

used with considerable care if there is evidence that the seasonal pattern 

of data may have changed over time. The seasonal pattern of rice production 

in the Philippines, for example, changed with the introduction of high 

yielding rice varLeties. 

The rat io-to-moving average or percent of moving average method is 

probably the most widely used for measuring seasonal variation. The first 

step of the Mntn)cd is to compute a moving average. This average is then 

centered if necessary. Next we compute the ratio-to-moving average percent

ages by dividing the original data by the centered moving average figures 

for corresponding' periods and multiplying by 100. The ratio-to-moving 

average percentages for corresponding periods are next averaged using 

either the mean or median to obtain the seasonal index. 
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The wheat import data in the table below can be used to illustrate 

this idea: 

Wheat Imports (Thousands of MT) 

4-Quarter 2-QuarLer 4 -Quarter Ratio-to-
Year and Wheat Moving Moving Centered Moving 
Quarter Imports Total Total Moving Avecage Average 

1970
 

I 117 . 
II 126 487 - - -
III 132 460 947 118.4 111.5 
IV 112 438 898 112.3 99.7 

1971 

I 90 419 857 107.1 84.0 
II 104 407 826 103.3 100.7 
II 113 400 807 100.9 112.0 
IV 
 100 395 795 99.4 100.6
 

1972
 

I 83 408 803 100.4 82.7
 
II 99 435 843 105.4 93.9
 
III 126 477 912 114.0 110.5
 
IV 127 548 1025 128.1 99.1
 

1973 

1 125 587 1135 141.9 88.1 
II 170 604 1191 148.9 114.2
 
III 165 612 - - -

IV 144 593
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The first and second numbers
We begin by calculating moving averages. 


of the 4-quarter uncenterecd moving average are 

(117 + 126 	+ 132 + 112) - 487 121.75
 
4 4
 

and
 

(126 + 132 + 112 + 90) 460 115.00
 
4 	 4 

The first 	number of the centered 4-quarter moving average is therefore
 

equal to
 

(121.75 + 115.00) 118.4
 
2
 

The first ratio-to-moving average percentage is for the third-quarter of
 

1970 and equal to
 

132.0 (100) = 111.5
 
118.4
 

The next step is to arrange the ratio-to-moving averages by Quarters, 

as in the table below: 

RaiLo-to-Moving Average for Wheat Imports 

Ye; iIr 	 Quarter 

111.5 99.7
 

1971 84.0 

1970 

100.7 1.12.0 1.00.6 

1972 82.7 93.9 1.10.5 99.1. 
1973 88. ! 114.2 - -

To',a Is 254. 8 	 308.8 334.0 299.4 

Se:i,on;a Index 84.9 	 102.9 111.3 99.8 
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The seasonal index is Then calculated by obtaining the mean value
 

for each Quarter. Therefore we have:
 

O.1art er Seasonal Index
 

ist 84.9
 
2nd 102.9
 
3rd 
 111.3
 
4th 99.8
 

Quarterly values of Y can then be divided by the seasonal index to remove
 

the cyclical variations.
 

Besides the univariate approach, there are other projection methods. 

One such technique involves regressing a variable against explanatory 

variables, and then plugging in the expected values of those variables for 

the period 'n question. For example, estimate the equation 

Y = a + bX + cZ 

Then, use the following equation to predict Yt : 

Y =a+b X +cZt t t 

If X and Z are policy variables whose future values can be known with
 

reasonable certainty, this can be a fairly effective technique. If X and/or
 

Z are not policy variables, this method may be useful if the practioner feels 

more comfortable in projecting X and Z with the previously mentioned 

techniques than ih prjuctin , Y dirOCetly., 

(Note that seasona.l indices may be employed with this method as well.) 

One othcr method involves the use of variables that are related in a 

cause and effect manner. If it is the case that variable Y can be expected
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to change following i change in variable X, then a knowledge of X may be 

used to predict movements in Y. This is called the "leading indicators" 

method. Mathematically, we may write 

AY = f (AX b) 

Where b is the length of time needed for the change in X to affect Y. The 

exact functional form obviously depends upon the relationship between X and 

Y. 

This approach is appropriate for a variety of things. It has been used, 

for example, to predict changes in the price level based upon changes in the 

money supply, as well as to predict changes in GNP based upon construction 

hours worked per week, and other indicators.contracts, business failures, 

For more examples and further discussion see: 

Deaton, Angus, (1.975), Models and Projections of Demand in Post-War 

War Britain, Cipman and 1la] 1, London, (Chapters 7 and 8). 

llouthakk r, Ht.S. , I .D. Taylor, (1.970) , Consumer Demand in the United 

S ta te(s: ~r Harvard University Press, Cambridge, Mass., 
(Chapters 2, 4, 7 and S) 

Hymanus, S.ii. (1973), "On tHw Use of Leading Indicators to Predict 

Cyclical. Turning Poi n s", Brookin gs Papers on Economic Activity, #2, 

(pages 339-384) 

Intriligator, l-iciMcL D. , (1978) , cononret:ric Models, Techniques, 

and App] ications, Prentice-hia I, inc. , Englewood Cliffs, New Jersey, 

(Chapter 15). 

Klein, L.R., (197.1.), An Essay on the Theory of Economic Prediction,
 

Markham Pub].ishing Company, Chicago.
 

Liggius , I)avic, (1975), National Economic Plannin! in France, Lexington 

Books , Lx i n;ton Mass. , (Chapter 6). 

Maddal a, CG.S. , (1977), Econometric-;, '-1c(;raw-1l I], New York, (Pages
 

342-354).
 

Ncr].ove , Marc, (1958), The Dynamics of ,lipply: Estimation of Farmers'
 

kes;ponsu to Price, The John Hopkins Press, Bltimore.
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Sandee, J. (editor), 
(1964), Europe's Future Consumption, North-Iolland 
North-Holland Publishing Co., Amsterdam. 

Stone, Richard, (1954), "Linear Expenditure Systems and Demand 
Analysis: An Application Lo tMe Pattern of British Detmand'', Economic ,Journal,
Vol. LXIV, i255, (paes 54]-527). 

West, Quentin, (1966), "Foreign Supply and Demand Projections: 
Outlook for U.S. Agricultural Exports", Journal of Farm Economics, Vol. 
48, 5, (pages 1359-1372.) 
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Short-run Vs. Long-run Elasticities and the Choice of Data
 

The reader should be aware of the fact rhat the choice of data is
 

going to significantly affect the estimates obtained wita: econometric
 

techniques. Economic data typically come in two forms, namely time
 

series data and cross section data. Time series data measure the value
 

of a variable for a particular entity over time. Annual values for the
 

GNP of the U. K., or expenditures of a particular family cver time, would
 

be examples of time series data. Cross section data measure the value
 

of a variable for different entities at a given time. Examples of cross
 

section data would be values of GNP for all countries in 1970, or expendi

tures of a sample of families for a particular year.
 

Suprisingly, cross-section data are often the appropriate choice for
 

estimating long-run elasticities, while short-run elasticities are best
 

estimated by time series data (see Intrilligator or Kuh and Meyer below).
 

For example, experience indicates that income elasticities estimated with
 

cross section data are much larger than those estimated with time series
 

data.
 

Sometimes, both types of data are employed together. A common practice
 

is to estimate income elasticities using cross-section data (since prices
 

are relatively stable for any one period). These estimates are than
 

multiplied by a time series on aggregate income, and the product is then
 

subtracted from a time series of the quantity demanded of a particular
 

commodity. 'his new variable is then regressed against a time series on
 

prices to estimate price elasticities.
 

This technique typically results in much larger estimates of price
 

elasticities. Kuh and Meyer report the results of two studies, one by
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Stone which uses the method of combining cross-section and time series 

data described above, and one by Wold using only time series data. A
 

comparison of the two is quite interesting:
 

CO.>,fPAR I)N OF OWN PRrICE ELASTICIrEs 

'i-t SELI 'I'EI FIool) PR' l)rCI s 

I , ! h jrt, ", ]P l :HI 

I )2i 1 , n 

Butf (poik ricus 
not iii r,:rv.;i(,N)I .5 .00 

Beef (pork ,ices 
in regression) A0 

Pork
Muqt!etr 

.67 

. ' 
.45
Ot . 

Fresh milk .o; 
C(nndvncSd milk 6 " 28 
t'ream 1.24 

IIPIur .79 ..
Suim~r ;in(! s.. r71.12.; 

,a. r T, tll , ri ilm n rpvvr n forha ,,reI r'i]t re oii' -..ia ;.'in'.n r,.''-,,w -,n it 'ht , vaip IQ" toa Kd . vm:!. i,-. r 
,,i, d. A he butter ;nd , "ir;riter ,ri n are for the 

I. I-.r 1-11! imlp,rhid 1. of Indl v '0. 
oze:P ;,.- h')viwn \W,,Y Ir :l~- lurt.en, lP.,m,:,n Aqali., 'New 

, Y lf%A ; j :!1. )V ',ir Jh .nr p Copn.su,,',''' ),.i,,'!,: r an ,: ou.!fi 1h,p Unitrd Kingdom Q.U-tQvj0(C.':,,bridw., Etwr. p-), 27.d, 32.-

Finally, it should by2 noted that cross-section and time series data 

are often "pooled" to cotain a tme series of cross sections. For
 

example, time series data on GNP for country X might be combined with time 

series GNP data for country Y, a llowing one to compare the two over time 

as well as at any given point in time. 

For discussions and examples on the proper use of data see: 

Barten, A. P. , (1968) , "'Estimating Demand Equations," Econometrica, 

Vol. 36, #2, (page.gs 213-251, cspecially pages 239-240 and Appendix B). 

Deaton, Angus, (1975), odels a _ _'y(, io:t,.n-s of Jemand in Post-War 

Britain, Chapman and Ii: l], London (,nrgs 50-54). 
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Houthakker, HI. S., (1957), "An Introduction Comparison of Household
 

Expenditure Patterns, Commemorating the Centenary of Engel's Law,"
 

Econometrica, Vol. 25, 04, (pages 532-551).
 

Houthakker, H. S. & L. I). 'aylor, (1970), Consumer Demand in the 

United Statcs: Anlyses and Projections, Harvard University Press, 

Cambridge, Mass. (Chapter 6). 

[ntriligator, Michael D., (1978), Econometric Models, Techniques, and 

Appiicat ions, Prentice-Hall, Inc., Englewood Cliffs, New Jersey, (pages 62

65). 

Kuh, Edward & J. R. Meyer, (1957), "How Extraneous are Extraneous
 

Estimates?", Review of Economics and Statistics, Vol. XXXIX, #4, (pages
 

380-393).
 

Maddala, C. S., (1977), Econometrics, McGraw-Hill, New York (Chapter
 

14).
 

Prais, S. J. and H. S. Houthakker, (1971), The Analysis of Family
 

Budgets, Cambridge University Press, Cambridge (Chapters 3 and 4).
 

Stone, Richard, (1954), The Measurement of Consumers' Expenditure
 

and Behavior in the United Kingdom _)920-1938, Cambridge University
 

Press, Cambridge (pages 322-327).
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Estimation Methods 

Basic Lhnea-rR eression 

S!nJ ___reRsonIs il: Ord Lary Least Squares (OS). Linear regressions 

involving onlv a single independent variable are referred to as simple 

regrss.,[on.:. The object of such regressions is to fit a line to a set of 

data using the equation 

Y = a + bX 

It is convenient to transform X into deviations from its mean. In 

other wordq, define x = X - X. This has the effect of shifting the Y 

axis in so that it begins at X. The equation for the line to be fitted 

becomes 

Y = a + bx 

Where
 

n
 
E X =0
 

i=l
 

The regression model itself is generally written
 

Y = a + b x. + e. i = , 2. . n*
i 1 1 

Where the e. represents a stochastic disturbance term. The assumptions for1 

this model are as follows: 

n i.s the number of observations. 
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E(ei) = 0 for all i 
12 

Var (e) = 2 for all i 

for all i, and the x are fixed for all i.
Coy (e) = 0 

The idea of OLS is to select values for a and b that minimize the 

squared deviations of the predicted Y.i1 (hereafter called Y.) from the 

a and b so as to minimizeactual Y.. In other words, choose 

Z (Y. _ y.) 
i=l 

Where
 

Y. = a + b X. 
1 1 

Hence, we must minimize the function S(a,b) where
 

2
11 2 n 

Yi ) b x iS(a,b) = E (Yi - = Z (Y - a - )
i=l
i=l 


zero gives us:
Taking derivatives and setting them equal to 


n (1)
= (-2) (Yi - a - b x.) 0 

i=l
 

and
 

O= (-2x.)(Y. - a 

i=l
 

n 1 bx i ) = 0 (2) 

Solving the first equation for a: 

7 -2 (Y - a - b x.) = 0 
F i 1 

r. (Y. - a - b x.) = 0 
1 1 
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E Y. - na - bZx. = 0 

Recall that
 

Zx. = 0 
1
 

SO 

EY. =n a

1 

or
 
^ Ey.
 

a =---=Y 
n
 

Solving equation 2 for b:
 

E(-2xi)(Y i - a - bx) 0
 

Z(x - a - bx.) = 0
 

Zx. Y. - aZx. b Tx. = 0
 

Recall once again that
 

Tx. = 0
 
1 

So 
A 2
 

Ex. Y. = b Ex. 
1 1- 1 

Therefore
 

Ex. Y.
 
I 
 I
b = 
 2
 
Fx.
 

Those estimrwtes nre said to be unbiased because E(a) = a and E(b) b. 
2 -" 2 

The variance of (=;/n and the variance of b = </Tx. Furthermore, 
1 

the Gauss-Markov theorem states that these least squares estimators of a 

and h have smaller variances than any other linear unbiased estimators. 
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(See Wonnacott and Wonnacott, page 21, below). This characteristic makes
 

OLS method the most popular technique when the assumptions whichthe 

underlie it seem to be appropciate. 

An example of the use of OLS in simple regression is presented below. 

The exam le is taken from Wonnacott and Wonnacott. 

(I) 

A'1, 

(2) 

Y, 
,,= 

= 

(3) 
X',-
X, - 400 

(4) 

Y,, 

(5) 

x, 
,= 

= 

(6) 
a + bA, 
60 + .068r, I, 

(7) 

- , (Y, 

(8) 

-

100 40 - 30W -12,000 90000 30.60 .40 .16 

200 45 -200 -9,000 40,000 46.40 -1.40 1.96 

300 50 -00 -5,000 10,000) 53.20 - 3.20 10.24 

4() 

500 

65 
70 

0 
100 

0 
7,000 

0 
10,000 

60.00 
66.80 

5.00 
3.20 

25.00 
10.24 

600 70 200 14.,00t 40,000 73.60 -3.60 12.96 

700 80 300 24,000 90,000 80.40 -. 40 .16 

SV 2.W 1' 1 = 420 r, = 0 E r, = 19,00 2, = 280,000 3: (Y, ,) = 60.72 

"\n -Y,-b 1, = -52- .r. n- 2 ' -

420 19,000 1244 
7- 7 280,0001.4 

=400 =60 and E--3.-8 

~~60 b.06 34 

Simple Regression: Maximum Likelihood Estimators (MLE). Another approach 

is toto estimating the coefficients of our simple regression equation 

choose a and b so tll.i. they are the most probable values of the true parameters 

a and b, given the sample data. This idea is known as the maximum likelihood 

method. The same assumptions are made in this case as in the CLS method, 

but there is, in addition, the strong assumption that the error term is 

distributed normally, i.e., 

e. - N(O, a) for all i. 

1 

The simple regression equation is, as before, 
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Y. = a + bx. + e. , 2 n1 1 1 i1'2 "
 

so
 

e. = Yi - a - bx.i 1" i = , 2 . ° n
 

Each e., if it is distributed normally, is described by the density function
 

f(ei) = 1exp ( . 

or
 

-(Y - a - bx) 2 1
 

f(ei) = 
 exp 
 2
 

Since the e. are assumed to be independent, the joint probability density
 

function is simply the product of each e.'sdensity function. This gives us

1
 

the likelihood function, L:
 

n n 1 ((Y,- - a - bx,)2\ 
L = I f(e.) = I 1 exp 2
i=l i=l a "2- 2a2
 

To obtain the maximum likelihood estimators, we must choose a and b so as
 

to maximize L. 
Note that a and b only appear in the exponent, and that the
 

exponent is negative. Hence, to maximize L we must minimize the exponent.
 

In other words, minimize 

- a -bx.)2
(yi 


2 02
 

.'hhich is equivalent to minimizing 

- a - bX.) 2 
(Y. 


1 1 



499
 

The reader should recognize this expression as the one that is
 

minimized by OLS estimators of a and h. Thus, MLE of a and b arc the
 

same as OLS estimators. However, the maximum likelihood approach allows
 

us to estimate ,7 as well. Differentiating L with respect to u and
 

setting this equal to zero gives us
 

"2 1 2
 
o =- F(Y. - a - bx.)

n i 

2
 
However, this estimator of u is biased. This bias can be eliminated
 

by a simple adjustment, and we are left with
 

^2 1 - 
n-2 2 

Multiple Regression: Ordinair Least Squares. While simple regression
 

two or more
employs only one independent va::iable, nL'Jltiple regression uses 


independent variables. Algebraically, the IImultiple regression model is
 

t/pically written as 

i =1o + lilx + f 2xi 2 ....... akXik + ei i 1,2,..
 

Using matrix notation, the model is written
 

Y = X + e 

Where 

¥1 
 1 Xll1 X12 . . . Al
 

Y2 
 1 X 21 X 22 . . .. X 2k
 

Y2
 

1 Xnl .... XnkXn2 

11 X . n x (k + 1) 
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[2 

en 

(k + 1) x 1 n x
 

The assumptions of the model are as follows:
 

E(e) = 0
 

Cov(e) = ;2 I
 

X is a fixed matrix, and k < n
 

The capital I in the expression Cov(e) = a2 I refers to the identity 

matrix. Thus, the variance- covariance matrix is 

02 o .o ...
 

o 02 .
 

22
 
0 0 0
 

g22
 

0 = . CT 

This condition is analogous to the simple regression model in that all
 

e. have the same variance ( 2), and all covariances are equal to zero. 

As with the simple regression model, OLS estimators are found by 

choos 1,n t h r resr 1.on coef Fi c ent s (B) which min inmi ze tie squa red 

diFference between the actuaL. and predicted Y.. The procedure is as follows: 

Y =XQ + e 

Y -XfG = e 

=
(Y - x)' (Y - X3) e'e = S
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Where S is the sum of squared residuals, thus,
 

S = Y'Y - 2 V'X'Y + 5'X'X5 

To minimize this expression we take the derivative of S with respect to
 

5, and set it equal to zero:
 

= 

-2 X'Y + 2X'X5 0
 

Solving for 5 gives us
 

^ -

S = (X'X) X'Y 

Once again, the OLS estimators of the true regression parameters are said 

to be unbiased because E(S) = S. The variance - covariance matrix of 5 is 

2 -1
 
Cov() = 2 (XX) 

Like the simple regression estimators, the OLS estimators in the multiple
 

regression model are the best linear unbiased estiators available.
 

To illustrate the method, consider the fol..)wing set of data where
 

S = pounds of steam used monthly 

A = pounds of acid in storage per month 

D = operating days per month, and
 

T = average temperature ('F): 
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Month S A D T 

1 10.98 5.20 20 35.3 

2 11.13 5.12 20 29.7 

3 12.51 6.19 23 30.8 

4 8.40 3.89 20 58.8 

5 9.27 6.28 21 61.4 

6 8.73 5.76 22 71.3 

7 6.36 3.45 11 74.4 

8 8.50 6.57 23 76.7 

9 7.82 5.69 21 70.7 

10 9.14 6.14 20 57.5 

11 8.24 4.84 20 46.4 

12 12.19 4.88 21 28.9 

13 11.88 6.03 21 28.1 

14 9.57 4.55 19 39.1 

15 10.94 5.71 23 46.8 

16 9.58 5.67 20 48.5 

17 10.09 6.72 22 59.3 

18 8.11 4.95 22 70.0 

19 6.83 4.62 11 70.0 

20 8.88 6.60 23 74.5 

21 7.68 5.01 20 72.1 

22 8.47 5.68 21 58.1 

23 8.86 5.28 20 44.6 

24 10.36 5.36 20 33.4 

25 11.08 5.87 22 28.6 
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Suppose that we want to fit the model 

Si = + 1 A. + 2 D + 53 T + ei 

In matrix form, this model is 

Where 

Y = X +e 

S1 

S2 

S3 

1 

1 

1 

A1 

A2 

A3 

D 

D2 

D3 

T 

T2 

T3 

$25. 

25 x 1 

1 A25 

25 x 4 

D25 T25 

01 

l 

S 3 

Bol 

e 

el 

e 2 

ee3 

4 xl 
L e 2 5 J 

25 x 1 

Recall that 

= (X'X) (X'Y) 
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In this case, 

[2.940 -.140 -.079 -.0101 
(Xx)-1 .140 

.079 
.123 

-.024 
-.024 
.009 

-.001 
.00031 

.010 -.001 .0003 .O002J 

F235.6]
 
|1294.48
 
4831.86
 

L1821.4 

So
 

-8.56641
 
.487 |


I .1082j
.0758J 

The estimated regression equation is therefore
 

S = 8.5664 + .487 A + .1082D - .0758T
 

We can also calculate "R2 ' which is a measure of how well the regression
 

equation explains the variation in S. An R2 I implies that the regression
 

2
equation explains all of the variation in S, while R = 0 means that
 

none of the variation in S is explained. The formula for R2 is
 

R2 
= 'X'Y - nY2
 

y 'y - ilY
2
 

Where n is equal to twenty five in this case. The calculated R2 for this
 

example is .8796, indicating that our regression equation explains most of
 

the variation in S.
 

Multiple R! ression: Maximum Likelihood Estimators. As in the simple 

regression case, the max-imum likelihood approach has the same aissumpt ions 
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as the OLS method, with the additional assumption that e is distributed
 

multivariate normal.
 

As before, the MLE of turns out to be the same as the OLS estimators.
 

2
 
The maximum likelihood estimator of ; is
 

'2 11
 
-n (Y - Y)' (Y - Y)
 

Where
 

Y = 

2
 
However, this estimator is biased. The unbiased estimator of o is
 

A1 

U 
2 n-k (Y Y)' (Y Y)
 

Generalized Least Squares (GLS)
 
2
 

The OLS model is basec on the assumption that Cov(e) = ar I. In
 

other words, the error terms all have the same variance (i.e. they are
 

homoskedastic), and they are not serially correlated. The general
 

least squares model, on the other hand, does not place these restrictions
 

on the error term (though the other assumptions of the OLS model are
 

retained). The variance - covariance matrix (U) of the error terms in
 

the GLS model is
 

a 11 U12 . . 1n 

a21 (722 . . . .a2n 

nl n2 nn
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Thus, the GLS model is called "generalized" because it can allow for 

a variety of assumptions about the error terms. The GLS model includes
 

the OLS model as a special case when 

Gll a2 2 . = nn 

and
 

o...=o, i#j
 

Once again, the formal regression model is, in matrix notation,
 

Y = Xf3 + e 

where 

Cov(e) = U 

The vector of f3s can be obtained through the maximum likelihood
 

technique if we assume that the error terms are normally (but not necessarily 

identically) distributed. The loss function then becomes 

I
L exp [I/2(Y - X$)' U- (Y - X) 
(201 n/2 1 !1-2 L 

This function is maximized when the exponent is minimized. (This is because
 

the exponent is negative). Hence we must minimize
 

(Y - x) u- 1 (Y-XP) 

Taking the derivative of this expression with respect to 6, setting it 

equal to zero and solving for 6 gives us 

S (X'UU= X) - 1 X'U Y 
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which is the GLS estimators of the regression coefficients. These
 
^ (X,-1x -1. 

= 
B, and Cov(B) = (X'U X)
estimators are unbiased because E(a)


ULS estimators are the best linear unbiased estimators.
Furthermore, 


Note again that when the OLS assumptions are met,
 

2 
G 0 . . . . 0 

2O 0 .... 0O 

U= 

2 
o 0 ... . _ 

and
 

-
= (X'X) X'Y
 

the OLS estimators.
Which is the same as 


However, the GLS model allows to account for, among other things,
 

heteroskedasticity. With heteroskedasticity, the variances of the error
 

term differ, so
 

2 
G1 0 .. .. 0 

J_ 2 
o .... 02 


U=
 

2 
0 0 .. . .0 n 

where
 

2 #02 . 22 

1 2 n
 

account for Serial Correlation. This situation
The GLS model also lets us 


arises when the error term at any one point in time is correlated 
with
 

In this situation,
one or more of its previous values. 
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n-i21 

n-2
 

= 2
U 


n-i n-2 n-3p p p1 

Where p is the correlation coefficient. 

The question arises as to the relative merits of GLS and OLS
 

estimators. In all cases, both types of estimators will be unbiased, but
 

GLS estimators will have smaller variances. When heteroskedasticity
 

is present, the GLS estimators are far superior to OLS estimators, but
 

with serial correlation the difference is not quite as great. Frequently,
 

o itself is not known, and must be estimated. The difficulty of estimating 

o might justify the use of OLS, since the improvement in estimation might 

not be significant. 

'Io-S tagi.Leas t Squares (2LS) 

A previous section of this paper discussed the identification problem 

and the use of simultaneous equations to solve it. An alternative way of 

solving the identit ication problem is to use two-stage least squares. 

Consider, for example, the demand and supply model: 

+Qd a0 + aI P a2 Y + a3 Z + u 

Qs + bbP + b R + VQs 1 2
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Where 

Q = quantity
 

P = price 

Y = income
 

Z = family size
 

R = rainfall, and 

u and V are error terms. 

If one tried to estimate the supply equation using OLS, one would get 

be, b], and b2 . This is because P is endogenousinconsistent estimates of 

to the system, and therefore correlated with V. However, we can still use 

OLS if we proceed i 1 two stages as follows: 

First, we must find a modified version of P (call it P) that is 

To find P, we can regress P against all of the exogenousindependent of V. 


variables (Y, Z and R). i.e., use OLS to estimate
 

C3 RP = C + C1 + C2 Z + + e 

Where e is an error term. Coefficients estimated from this equation can
 

then be multiplied times the exogenous variables to obtain P as follows:
 

P = C + C1 Y + C2 Z + C3 R 

The second stage of the process is to estimate the supply equation 

using P instead of P. In other words, use OLS to estimate 

Qs =bO + b P + b R + V*1 2 
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Where V* is a new error term that is no longer correlated with P. The 

estimates of the coefficients will now be valid. 

BY way of example, consider the followingt demand and supply model 

for beef : 

Demand: Q ) a + al Pb + a2 P + a3 P + Ra4 + a D + Uo ~a~b 2p 3c 4c y rc 

Supply: Qb =bo + bl Pb + b2 Psbm + b3 P
co r n + by Bcl 2 + b5 Dsbm + V
 

Where
 

Qb= Quantity of beef
 

P = Price of beef
 

P = Price of pork

P
 

P Price of chicken
 
c
 

R = Real consumption expenditures
c
 

D = A dummy variable for consumption expenditure
 

Psb= Price of soybean meal
 

P Price of corn
 
corn
 

Bcl 2 = Per capita stock of beef cows, lagged two years, and
 

Dsbm = a dummy variable for the protein in the soybean meal
 

The data to be used are listed in the table on the following page: 



1 

2 
3 
4 

5 

6 
7 

8 

9 

10 

11 

12 

13 
14 

15 

16 

17 
18 

19 

20 

21 

22 
23 

24 

25 

26 
27 

28 

29 

QBS YEAR QB PB PC RC PP DRC PCORN PSBM BCL2 DSAM 

1948 63.1 82.9 75.4 1438 67.6 0 1.64678 91.169 112.004 1 

1949 63.9 76.3 71.8 1451 61.5 0 1.55422 89.880 111.127 1 
1950 63.4 88.3 68.0 1520 60.4 0 2.06444 91.766 106.167 1 
1951 56.1 90.0 66.0 1509 60.6 0 2.02434 106.471 105.007 1 

1952 62.2 85.4 65.0 1525 57.3 0 1.72078 86.580 108.791 1 

1953 77.6 66.2 62.8 1572 62.9 0 1.64339 84.479 118.301 0 
1954 80.1 64.1 56.4 1575 63.7 0 1.58120 64.850 130.639 0 

1955 82.0 63.2 58.7 1659 54.6 0 1.33047 56.384 142.890 0 

1956 85.4 60.9 50.4 1673 51.4 0 1.38478 50.159 150.813 0 

1957 84.6 63.1 47.6 ?683 57.6 0 1.23469 5L.490 151.739 0 
1958 80.5 74.C 45.8 1666 60.5 0 1.20159 55.412 147.334 0 

1959 81.4 73.3 41.4 1735 52.8 0 1.15271 54.729 139.954 0 

1960 85.2 70.4 41.4 1749 51.6 0 1.06693 58.778 135.682 0 
1961 88.0 68.3 37.0 1755 53.3 0 1.06628 61.095 138.664 0 

1962 89.1 69.8 38.6 1813 52.9 0 1.13010 67.(64 143.408 0 

1963 9&.5 76.0 37.6 1865 53.8 0 2.00750 66.604 145.319 0 

1964 99.9 72.0 35.0 1945 52.2 0 1.16567 66.852 149.683 0 
1965 99.5 74.1 35.5 2044 58.4 0 1.15665 74.226 156.420 0 

1966 104.2 74.6 36.6 2123 65.0 0 1.20354 69.735 101 483 0 

1967 106.5 72.4 32.8 2160 57.8 0 0.96386 66.179 17.09 0 

1968 109.7 71.5 32.! 2248 55.7 0 0.96614 61.189 i69.964 0 
1969 110.8 75.4 33.1 2301 58.2 0 0.97962 61.,42 169 .h3 0 
1970 113.7 72.9 30.2 3265 57.7 1 1.06509 58.062 171.393 0 

1971 113.0 74.5 29.3 3342 50.2 1 0.84226 64.383 173.,15 0 

1972 116.1 78.2 28.4 3510 57.1 1 1.25000 157.280 177.671 0 

1973 109.5 87.6 38.5 3648 71.0 1 1.84874 94.570 182.018 0 
1974 116.8 80.8 12.6 35S9 63.0 1 1.88119 76.704 185.074 0 

1975 120.1 77.9 33.8 3629 72.0 1 1.43543 78.869 193.623 0 

1976 129.3 67.8 30.1 3817 70.1 1 1.23613 100.807 202.732 0 
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If one were to use 	OLS, the estimates of the demand :nd supply equations
 

would be as follows (t statistics are in parentheses): 

(R2Demand: .983)
 
Qb r 68.58 - .49Pb 	+ .17P - .34P + .038R - 39.34 D
 

bp c c rc
 

(6.95) (-5.95) (.11) (-2.9) (7.35) (-5.58) 

Supply: (P2 = 954)
 
=
Qb -14.187 + .23P b + .0698 Psbm - 4.62 Pcorn + .615 Bcl - 8.527 Dsb
m
 

(-1.22) (1.17) (1.35) (-1.35) (10.4) 2 (-1.69)
 

The two-stage least squares equations, however, are:
 

Demand:
 

=
Qb 68.07 - .48Pb 	+ .18P - .35 P 
+ .0347 R - 39.11 	D
 
(6.83) (-5.07) (.12) (-2.9) (7.24) (-5.52)
 

Supply: 
=
Qb -38.66 + .86Pb + .039 Psbm - 8.54 Pcorn + .52 Bcl - 18.23 Dsbm
2 


(-2.38) (2.71) (.63) (-1.96) (6.84) (-2.64)
 

The reader should note that the demand equations are very similar, but
 

that the supply equations are not. 

For further discussion, the reader should use a good econometrics 

book. A partial list of such books is presented below. 

Beals, R. (1972), Statistics for Economists, Rand McNally & Co.,
 
Chicago. 

Intriligator, M. (1978), Econometric Models, Techniques, and Applications, 
Prentic-Hiall., Inc., Englewood Cliffs, New Jersey. 

Kmenta, Jan (1971), Elements of Econometrics, Macmillan Publishing 
Co., Inc., New York. 

Leser, C.E.V. (1974), Econometric Techniques and Problems, Charles 
Griffin & Co., Ltd., London. 
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Maddala, G.S. (1977), Econometrics, McGraw-Hill, Inc., New York.
 

Walters, A.A. (1970), An Introduction to Econometrics, W.W. Norton &
 

& Co. , Inc. , New York. 

Wonnacott, R.J. and T.H. Wonnacott (1970), Econometrics, John Wiley 
& Sons, Inc., New York. 


