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ABSTRACT g0,

HOMEM DE MELO, FERNANDO BENTO. An Analysis of the World Cocoa Economy in -
1980. '(Under the direction of RICHAED ADAMS KING.)

This étudy is concerned with predicting various aspects of the
world cocoa economy in 1980. Cocoa is an important commodity for
many less developed countries mainly in terms of foreign exchange
earnings, income, and employmentt

In the 1960's some developments occurred in the world cocoa economy
with possible effects for the cocoa sector, In this respect we should
mention the creation of the European Economic Community, the movement
in the direction of freer trade (Kennedy Round), the concession of
preferential tariff treatment to products from developing countries
(Generalized System of Preferences), and the interest in the arrangement
known as -international comeodity agreements. In the context of such
changes occur?ing in the world economy, this study attempts to increase
the information available to cocoa producing countries-with respect
to how trade would be affected by poliéy changes taking place either
in the production or in the consumption aspects of‘the-cocoa economy.

The first objective of the analysis is related to obtaining esti-
mates of prices, production, exports, consumption, revenues, expenditures,
and trade flows in the cocoa economy under the assumption of free-trade
conditions prevailing in 1980. The assumption of free-trade was relaxed
in a second stage by introducing tariffs on cocoa as well as the European
Economic Community (EEC).
| The second objective of the analysis is related to the formation
of an international agreement among producing countries with a view of

exploiting their collecﬁive monopoly power in the cocoa market. Estimates
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In addition, the existence of tariffs on‘eocoa.would have  a .very minor
effect on the cocoa trade, given that most .of . the reductions or elim- |
inations of tariffs were already made.during .che 1960's.

The possibility of produciug"natiousracting"together to exploit
their collective monopoly power in the.cocoa .market was considered un&er
. three different arrangements. It.was. found.that producing countries can
make considerable welfare gains (for the.five major prodﬁcers, although
Ghang, Nigeria, and Ivory Coast, are the.ones_ to gain the most) at the
same time that all producing countries can increase their foreign
exchange revenues (Model 6 presenﬁing a more balanced distribution of

the increase),



of the same variables mentioned abqve would. be obtained and. comparisons
- (in welfare and revenue terms) made with:those in the first objective.
The spatial equilibrium framework,inhintérnatiénal trade is the
approach used in the study, and. 1in.this.context, the reactive.program-
ming procedure is the specific methdd-applied.for.obtaining the equilib-.
rium solutions in the analysis.. Before.such.solutions.could be obtained,
however, two.steps were required:..first,.to obtain estimates.of unit
transportatiqn costs for.cocoa beans.in.international trade, and second,
to obtain estimates of .cocoa demand .and .supply.functions.for all
countries in 1980. Estimates .of .unit-.transportation costs for all
pairs of centers were qbtained with.fhe.use.of a simple linear regres-
slon of unit costs on distance.among .pairs. . With respect . to the other.
requirement, two models (partial.adjustment.and,polynomial lag) were
used to obtain estimates of demand functionms.in ten countries. On the. .
- -supply .side, 2 polynomial lag model was.used.to obtain estimates of
.. .supply functions for the five major .producing ¢ountries (for the
..remaining nations, a fixed supply was assumed . for 1980).. For the
-remaining countries on the demand .side.and.for_those on the.supply
side with poor statistical,resplts;-an;alternative.technique was used,
. .that is, with information about .1980's .production and consumption
projections and values . for .the.respective .elasticities.

With the application of the reactive.programming algorithm to
obtain the equilibrium solutions.to.our. spatial problem,.it was found
that the introduction.of.the.EEC,(old.membership)icaused changes in
the cocoa economy, benefiting those .African .countries associated with

it. The new EEC membership, however, would._cause the pattern of trade

to be reverted to a situation quite similar to the free trade pattern.



CHAPTER 1
INTRODUCTION

Cocoa is one of the most important. primary commodities in terms of
production and exports for several of.cthe less developed countries
today.. Its importance, as .a crop.providing income: and employment
opportupitgés in the agricultural-secror,éf tropical countries and
foreign exchange earnings, is.the justificarion. for a.closer investi-
_gation of.the interrelationships in the world cocoa econemy. Ghana,
Nigeria, Brazil, Ivcry Coast and Camerocn are.the leading world
producers, but the crop is also important'for,manj ather smaller
countries in Central ané South America, as.well.as in Africa.

As a first step toward defining .the problem wich which this study.
is concerned and che specific cbjectives of the analysis, the next
section, of a descriptive nature, will'p;esent‘some of the relevant
characteristics of the cocoa eccncmy in thg world. Econromic and
political factors will be considered with.the objective of.pr;viding
the necessary background for evaluating rhe present and future pattern
of production, consumption, and trade.of.cocoa.. Predictions of the
cocoa market will be made for i980.uuder.different.sets.of pelicies,
-and, to accomplish this, a framework. for analysis must be developed as

well as the theoretical reasoning supporting it,

Description of the Cocoa.Economy.
Cocoa is one of a few commodities of importance in international
trade where the major producing and consuming countries are clearly
separated in geographical terms; the major producing countries are .

located in Africa and Latin America while the major consuming centers



are European countries and the United.States, Trade among countries is
then the basic economic factor in the world cocoa economy, with the
commodity moving from some of the underdeveloped countries to the

developed countries of the world,

Cocoa is the basic raw material .used._in the production of chocolate .

and cocoa powder. . The locacion.of thelmajor»producing countries can be
explained.by the fact that cocoz is a tree crop.which.requires special
¢limati¢ conditions foundAonly.in_the.trcpics.._Originally“produced in
Central and South America, cocoa.production.has. been.extended to many
African countries, and today this.continent._is by. far the.largest
s%oducing region. The .production data shown.in Table.l reflect thig
fact, since for the 1970/71 crop. year, -Africa.was responsible. for
73 percent of the world production.and .North,. Central and South America
for 25 percent.l. In order of importance (same. crop year} the major
producing countries were Ghana,.Nigeria,.Brazil,.Ivory Coast and
Cameroon., Total production more.than .doubled . from the average fbf the -
period 1946/47-1950/51 to the .crop.year of 1970/7L. Considerable
increases in cocoa production have been.achieved. in most African
countries, the most important cases being Nigeria, Ivory Coast, Ghana,
and Cameroon.

The -six countries of the European.Economic Community (Belgium,
France, West Germany, Italy, Luxembourg, -Netherlands. as a group) and

the United States constitute the largest import markets for cocoa beans

lT‘ne shift in world cocoa production can be noticed from the
corresponding figures early in the century. As an average for the
period 1901/02-1903/04, the Americas had 64 percent of world production
as opposed to 26 percent for Africa (Schutjer and Ayo, 1967, Table 2,

pP. 5). :



Table 1. Cocoa beans: reduetion by country, 5-year averages and
1970/71%

[1966,47~ 11951/52- {1960,61- [1965/66-

Concinent and country [1950,51  11955/56  [1964/65 {1969/70 | 1970/71
. {thousand metric tous)

N. and Central America 62.8 71.8 90.0 79.8 81.8
Dominican Republic 29.9 31.5 38.3 31.3 35.0
Mexico 7.4 . 1i.6 22.7 24.7 27.0
Other 25,5 28.7 29.0 23.8 19.8

South America i82.7 203.8 202.5 271.6 286.3
Brazil 127.8 135.2 117 .8 171.5 181.6
Ecuador _ 21.8 29.8 43.6 54.8 61.0
Venezuela 16.7 20.6 19.9 23.4 19.0
Other 16.4 18.2 21.2 21.9 24,7

Asia 3.6 5.3 7.3 9.4 9.7

Africa 465.1 4973 929.0 931.5 1,084.7
Cameroon 46.0 59.2 81.8 94,1 112.0
Equatorial Guinea 15.6 18.3 29.7 2.7 30.0
Ghana 241 .4 232.5 458.3 392.3 396.2
Ivory Coast 45.2 59.9 105.1 147.0 179.6
Nigeria 99.6 100.7 216,1 220.5 307.8
Togo 3.5 5.3 13.6 18.7 28.0
Other 13.8 16.4 25.6 26,2 31.1

Oceania 3.8 4.8 18,7 25.9 . 32.5
New Guinea and Papua 0.2 0.8 14,1 22.4 29.5
Other 3.6 4,0 4.6 3.5 3.0

World total 718.0 778.0  1,247.5 i,318.2 1,495.0

#Source: Food and Apriculcure Organization of the United Nations
(1958-1972). :



4
and cocoa products. They accounted together for about 50 percent of the
world consumption of cocoa beans and products (in terms of beans) in
1970. Other large consuming countries are the United Kingdom, USSR,
and Japan, as can be seen from Table 2. Total world trade in cocoa
beans and cocoa products was close to one billion dollars in 1970, with
the value of exports by region and most important countries presented
in Table 3; 80 percent of all exports, expressed in dollars, were
'_from African countries in 1970. Trade occurs not only for cocoa in the
form of beans, but also the so-called cocoa. products, basically cocoa
butter, powder, paste, and chocolate. TFor a better understanding of
these product forms, thé following description of the stages in the
industry may be useful (Hale, 1967):

1. The cocoa beans are first cleaned and graded.

2. In the next step, the beans are roasted, which is of help
for developing flavor and color. as. well as to remove the shell,

3. The beans are then 'kibbled', meaning, cracked.

4. Winnowing is the next step, which removes the shell and germ,
leaving behind the cocoa nib.

5. By grinding, the broken pieces of nib are converred into a
liquid, known as chocolate liquor or mass, which can be used
for making chocolate or cocoa powder.

6. The butter content in this liquor is about 55 percent, which
is too high a proportion for cocoa powder; as a result, cake
is first obtained by pressing and powder is obtained after
the cake is pulverized and sieved.

7. If the purpose is the production of chocolate, cocoa butter
is not removed from the liquor;. it.may even be added for the
manufacture of lighter varieties of chocolate.

Exports of cocoa from producing countries are, to a large extent,

exports of cocoa beans; cocoa products constitute only a small part of

total exports in value. As an average for the years 1968-70, exports



Table 2. Average censumption of cacaa.beans:aud,cacoa,products,,in
terms of beans, major countries of the world, 1957-59 and

1967-69 averagesa

Region and country ' { 1957-59 } 196769

wmetric tong)

Western Europe 381,767 563,733

Belgium . 17,084 23,752
France 51,712 79,157
West Germany 102,076 161,218
Italy 16,857 29,818
Netherlands . 23,770 - 18,995
Spain 20,044 34,316
Switzerland _ 15,265 - 21,073
United Kingdom 94,654 124,551
Other Western Europe 40,305 70,852
Eastern Europe 58,185 185,982
Czechoslovakia 10,082 16,560
East Germany 11,920 17,351
Poland 7,863 20,711
USSR 23,454 : 105,610
Other Eastern Europe 4,866 25,750
North and Central America 303,698 433,754
Canada 27,450 40,920
United States 274,772 370,483
Other : 1,476 22,351
South America 56,201 85,744
Brazil 13,545 22,012
Colombia 20,194 27,963
Other . 22,462 35,769
Asia 19,686 75,711
Japan 9,046 49,112
Other 10,640 26,599
Africa : 8,756 A 14,524
Oceania 15,691 25,184
Australia 12,328 20,044
Other 3,363 5,140
World total 843,984 1,384,631

aSource: Food and Agriculture Organizacion of the United Nations,
(1958-1972).



Table 3. Value of exports of cccoa beans and cocca products, averages -

and 19702
Coutinent and country { 1955-59 ! 1960-64 i 1965-69 1970
' (nillion U. S. dollars)
North and Central America 42.13 33.34 29.21 36.17
South America 127.98 86.91 116.04 410.93
Brazil 100.21 60,07 82.35  109.96
Ecuadpr 19.39 17.80 26,11 24 .62
Other 8.38 9,04 7.58 6.35
Asia 2.30 1.82 2.04 - 3.10
Africa 361.79 407.63 503.83 761.51
Cameroon 41.66 35.43 53.06 83.84
Ghana 168.50 197.98 192,65 294,392
Ivory Ceoast 43,83 44 .47 78.47 115.25 |
Nigeria 79.05 98.74 137.06 . 208.06
Togo 5,85 5.40 9.66 24.56
Other 22.90 - 25.61 32.93 35.41
Oceania 4.62 .. 8.18 14.16 17.40
World total - 538.82 - 537.88 665.28 959,11

aSource: Food and Agriculture Organization of the United Nations,
(1958-1972).



of cocoa beans represented 85 percent of total value of cocoa exports
(Food and Agriculture Organization of the United Nations, 1973a).
However, exports of cocoa products, although still a small proportion of
the total, have been increasing in the recent past years -— these
exports almost doubled in value from 1967 fo 1970. Exports of cocoa
beans and cocoa products have a great importance to many of the pro-
ducing countries as a source of féreign exchange. For Ghana, for
instan;e, cocoa exports accounted for 60 percent of the value of all
exports, as shown in Table 4. One of the reasons cited in the
literature (Hale, 1967, p. 140) for the concentration of cocoa
processing industries and chocolate manufacturing in the larger
consuming countries is the special care required by cocoa and chocolate
during processing and storage; heat and humidity, characteristics of the
producing countries of the tropics, would be much more difficult teo
control, unless a different pattern of capital expenditures was adopted
there. These cost conditions, then, have led to the locatilon of a large
part of the processing and manufacturing of chocolate. in the temperate
regions of the world.

As another characteristic of the international trade in cocoa, it
cannot_be said that the movement of cocoa beans and products follows a
pattern dictated by free market conditions. Tariffs exist in many of
the consuming countries, and their rates with respect to each product
form (higher rates for products than for beans) might affect the final
pattern of location for the processing industries, In addition, trade
blocs exist iﬁ the world today; the two most important for the cocoa
industry being the Europeaﬁ Economic Community (EEC) and the one fqrmed

by countries members of thé Commonwealth. We have already emphasized



Table 4. Leading cocoa producing countries:

Importance. of cocoa as

an.exporting"commodity_and.major:cocoa.producefs,.awerages

Cocoa exports as
percent of total

| Cocoa production as
| percent of world
i
!
i

exportsa productionb
Country | 1968-1970 - 1968/69-1970/71
Ghana 60.5 27.4
Nigeria 17.5 17.4
Brazii 3.3 13.2
Ivory Coast 20.3 12,2
Cameroon 25.0 7.8
Ecuador 13.8 4.1
Dominican Republic 9.5 2.5
‘Venezuela 0.3 1.6

Z5ource: Value of exports FOB from United Nations (1973); value of
exports of cocoa beans and cocoa products from Food and Agrlculture

Organization of the United Nations (1973a).

bSource: Food and.Agriculture Organization of the United Nations

(1958-1972).



the importance zf the 5ix countries of the EEC, as a grcup, in terms
of cocoa consumption. The Unired Ringdom is alsc a large market for
cocoa, representing as Table 2 shows, about 9 percent of the average
consumption of the world in the period 1967-1969; the corresponding
share of the EEC in the same period was 23 percent,

With respect to the EEC, the provisicns of the Rome Treaty dealing
with the common agricultural policy are ner relevant for.the.case of
cocoa; but the tariff provisions might be of,considerable"significance
(Food and Agriculture Organization. of the United Natioms,.1962).. Wich
the creation of a customs union.including nat only the.six .countries
referred to. above, butr also_their.overseas“territories.(independent
-countries now), the taniff.ptcvisioné.might.affect the world cocoa
économy in a considerable way., The reason is thac cocoa.is.preoduced
in many African countries.which were.under French and Belgian adminis-
trations, and they have”already,expressed"their willingness .to remain
associated with the EEC;2 with impcrtance among.the cocoa producing
-nations we have the case of. Ivory Coast, .Camercon .and Togo, and.with a
lesser importance, Congo ex-Belgian, Congo ex-French, Surinan, and
Malagasy (Schutjer and Ayo, 1967, .p. 14)..

In general terms, the tariff provisions in the treaty.of_Romé.
specify that internal tariffs of the six members would be eliminated in
three stages ending in 1970, with the tariff reductions applying as

well to the overseas territories (countries) . Also, the common level of

2A formal agreement was signed by the EEC and 18 African countries
- at Yaounde, Cameroon (Yaounde Convention) in 1963 dealing with such
association,
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the external tériﬁfs on.imperts. from.other. countries would also. be.
achieved in three stages (Food and Agriculture Organizatiom of..the
United Nations, 1962). Imports of cocoa from the overseas.territories
{countries) would be free. from tariffs, while a common tariff,forkthe
six members would be imposed on imports irom other producing countrieés
for cocoa beans and products.,. This préferential treatment would be
expec?ed to cause a changed pattern”of production and .trade, which
might explain, at least in parr, .the great production increases.obtained
in Cameroon, Ivory Coast .and Togo (Table 1)}. In addition, the situation
today is one where the EEC is an enlarged .community with the inclusion,
as of January 1, 1973, of .three other. countries: United Kingdom,
Ireland and Denmark, which together represent 10 perceut,of‘zhewwqud
.consumption of cocoa beans. and products.,. This enlargemenr of the. EEC,
and the consequent inclusion of Ghana, Nigeria and other Cqmmanwealth
cocoa producing nations among the Associated Overseas,Councries,?.would
be expected to have considerable effect .on the structure of the world
cocoa economy.

In addition to the development of trading blocs, the cocoa. .sector
in world trade has been characterized by the attenticn given by inter-
national organizations (mainly,.Food and Agriculture Organization. of. the
United Nations} to the possibility of producing and consuming.countries
reaching an agreement with respect to the cocoa trade.. The argument.
essentially runs in termsnéf.stabilizing and/or increasing prices_of’

the product over time. In the past, there was an attempt by the five

3Countries which are signatories to the Yaounde Convention.
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largest_producing countries. (in 1964). to form the Cocoa Producers'.
Alliance (the members being Ghana,: Brazil, Nigeria, Cameroon. and.-Ivory

. Coast), with the objective. of withhoiding cocoa: from the market. to.
-achieve a higher price level faor.rhe product. The.attempt.was a.failare
and Berhman (1968} indicates.that the.reascns. were related to_the. fact
that some countries did not.withhold their entdire supplies,.and the
skepticism of purchasers about.the.eventual. success of. the agreement,
combined with the large stocks. that were. kept by consuming_nations.4
The basic econcmic argument, . on_which rhe precposal for an international
agreement is based. (from. the.producers' point of.view), is related to
the price inelasticity of demand for cocoa. The problem_will be. .
discussed in.greater'detail later on, but here .it is stressed that.one.
objective -of producing countries would be to limit their. supplies,.
-raise the level of.cocoa.prices. and. keep. prices at a higher level, the
.goal being_one of,increasing,théir.foreign exchange earnings or,

alternatively, of increasing their real incomes.

.The . Problem.
The previous section emphasized the.importance.of.international
trade in cocoa to the economies.of several of today's less.developed .
countries of the world, especially . as a. source. of foreign exchange.

earnings. In such a context good decision making in the economic sector

4Practically the same reasons are presented by Schutjer and.Ayo
(1967, p. 38) to explain the failure of the Alliance. In addition,
they also present a clear description of all developments related to
the Alliance (pp. 27-30).

,5Chapter 3 will discuss and distinguish between these two cases,
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of these countries requires the existence of information about how the
pattern of trade would be affectred by changes.in their policies or by
policy changes in the consuming countries. Since cocoa is an inter-
nationally traded commodity, prices received by producers and paid by
consumers are not determined solely by economic forces inside one
country's border., On the contrary, interdependence must be alléwed if
& complete understanding of market forces is desired. Supply and demand
relations in all producing and. consuming nations must be considered, as
well as the fact that the relevant nations are geographically separated.

In the last decade some changes occurred in the world economy
affecting directly the cocoa sector, consuming and.producing .countries
at the same time. The European Economic Community is a case where,
with respect to cocoa trade, some p:oducers might be benefited.and“.
others may be economically hurt from.the restrictions imposed on the
free movement of goods internationally. Consumers are not different,
with some of them ptobably paying higher prices for cocoa products;: the
expanded EEC is another change to take place in 1973 and.affeeting. the
world cocoa economy. Producing countries want to maximize their gains
from trade, and they consider a form of an international cocoa agreement
a possible means to achieve their goal. The situation is, to some
extent, considerably more.important when all the major cocoa. .producing
countries are included. in the category of underdevelbped-nations
attempting to increase income levels of their populations at a fast
rate, .

This study will be limited to one commodity in_internaticnal trade,

that is, attempting to predict various aspects of the world cocoa
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economy in 1950, Tc accomplish this purpose, knowledge about future
supply and demand ccnditions. for. cocos in several countries of the
world is required. With the use. of . one specific.model.for-obtaining
the soluticn to spatial-equilibrium-problems, it will .be. possible to
make predictions about trade flcws,ﬂconsumption;.production,Jand.prices
of cocea for.each country or region invelved, under differeat _policies.
Emphasis will be given to the situation.of individual. counrries in each
of the alternative policies toAbe_considered,.with"considerably‘more
attention given to each of the .major producing.natious,.hopihgliﬁ.so
proceeding to provide them with the economic information necessary for

. . : . 6
the prccess of decision making relevant ro development.

Objectives.of the Analysis
In the context of.the prcblem,as.described.in.the-previnus section,
-the broad objective . of the analysis can be.stated.in terms_of developing
a model for the werld cozoa economy in. 1980. with the. purpose of .making
predictions for different,types of market arraﬁgements: Along these
lines, the specific objectives are:
1., To estimate prices for.consumers. and producers (revenues) . in

all countries (or regions}, and the trade flows (imports and exports)

6In the particular case of Ghana, Grayson (1973, p. 480) considers
cocoa exports as more indicative when judging export projection; since
the latter should be ccnsidered when determining the amcunt of external
borrowing, the former becomes an important variable to be.estimated.
As indicated by the author, ctocoa exports were overestimated for the
period of the Seven-Year Develcpment Plan (1963/64 to 1969/70), and
may. have been a factor explaining_the.worsened4external.debx-position
of Ghana. Chenery and Carcrer. (1973, .p. 465), in addition, .point.out
that the failure to.anticipate and. adjust for the slow growth of cocoa
earnings was the major.reason for the retardation of growth in Ghana in
the last decade,
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of cocoa beans for 1980, by the use of the spatial equilibrium framework
in international trade. Initially, the existence of tariffsnand_crading
blocs (EEC, specifically) .will be_entively ignored, .and aswﬁpresuit, a
free-rrade solution will be cbtained.. They will be introduced, . however,
in.a second stage, with a viewﬁto_obtéiﬁiﬁg new equilibrium._solutions
under.the_presence of the above_market imperfections. .

2. To determine the effects upen world trade in cocoa.fer.1980,
resulting from a possible agreement between the major-producing. countries
(or.all of them) with vespect. to.limiting. their exportsmof,éocoa;_within
the framework of the spatial equilibrium prcblem, new solutions will be

obtained for prices (préducers and-cousumers),iu.all,countries"(or
regions) as well as for.trade flows. -A.comparison will.then be.made
with the previous solutions (objective-l):for,the.variables involved,
emphasis being given to this type. of . monopolistic cocoa. pricing,. in
welfare terms as well as of foreign exchange revenue for the producing
countries.

To accomplish these objectives. some. intermediate steps will be
required. The first cne will be. to obtain estimates- of.unit trans-
portation costs for cocoa,bean; in international trade;.the. .second.one
will be to estimate cocoa.demand .and. supply functions for the.most
important countries and project .these.relationships to.1980...The. most
important cocoa products are chocolate and . powder, aichough.a.large.part
of the cocoa trade (from producing to.consuming countries).is. in.the
form of raw cocoa beans. In.terms of estimating demand functions in.
.several countries, .we will.be.interesteduiﬁ the demand.for cocoa. beans

as a derived demand. With this fact in mind, consumption will be
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measured in terms of beanSvequivalent.bydusing'couversion_factors“to

express the consumpticn of.cocca"products;(including,the,intermediate

products, butter and paste) uniformly in terms of beans consumption.
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CHAPTER 2
THE DEVELOPMENT OF INTERNATIONAL. TRADE
SPATIAL EQUILIBRIUM MODELS

The objectives of this analysis, as describéd in the previous
chapter, emphasized the application.of the spatial . equilibrium framework
for obtaining the solucions beiug_looked"for;,however, no. details
about spatial eqﬁilibrium models were.presented.at.that point. This
will be the purpose of this chapter... Initially, the -develcpment of
" some of the models will be briefly discussed and then.greater attention
will be given to the specific spatial equilibrium model to be used

later in the analysis.

The Development of Spatial Models

The transportation problem, accepted as a special.caée of linear
programming, has, since its formulation and gsolution by Hitcheock.
(1941), had a great many applications in ecpnémic and. business situations,
The reason for this is its"computational,simplicity resulting from the
special characteristics of the model; a systematic method of solution
was first presented by Dantzig. (1951).

In an interregional or inﬁernational_trade.context,_the_problem can
be formulated aé involving.a homogeneous product which.is to be shipped
in given amounts from each of a number of origins’ and received. in.a
number of destinations also in given amounts. The tfansportation.cost
for a.unit of the commodity is known. for. all possible pairs of origins
and destinations and the problem is to deteymine the flows .over.all.
routes in such a way as to minimize. the ﬁotal cost of transportation,

Applications of the transportaticn. problem are found for a large

class of trade problems. 1In the context of interregional trade, King
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and Henry (1959) presented a discussion of the usefulness of the model
in the single space dimension as well as for multiplerdimension.models,
i.e., space-form, spaze-time and .space-form-time models, . Also,
Stemberger (1959) applied the tzansporration model to.evaluate.the
competitive position of North Carolina.eggs. in the.naticnal market. . In
an international trade context, Brandt (1967) used the model to.study
the Brazilian competitive position.in the world coffee market and to
determine the effects of tariffs. on the partern.cf trade.

The transportation model, as menticned, was.recognized as being of
-great help for certain.types oﬁﬂeconomicwproblems.".Boweyer,‘the.,
-limitations were also clear, the basic one. being che.fact.chat. regional
consumption and production.are.exogenous to.the anaiysis.. There.was
fthen a need to develop new procedures which. would allow production and
consumption in all markets to'be_eudogenous.to.the analysis. .’

A general formulacicn for. the. problem. of equilibrium.among.
spatially separated markets. was given by Enke. (1951):. given. the.supply.
-and demand funcrtions for one product,.at.each of several .localities,

- as a function of the preduct price there, and constant.transfer.costs
among all possible pairs of localities, .the objective was.to.find.rhe
final competitive equilibrium of prices. in all localities, the. quanticies
supplied and demanded in each .market, and the product .flows, .The.
-solution presented by Enke.required.the .use of an electric.circuit, .

Samuelson (1952) was able to show that the descriptive nature.of.the
problem aé'formulated by Enke could. be turned into a maximization . .problem,
which would also include the transportation problem, as.above. described,

as a special.case. This was achieved through the use of the concept of
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a "net sccial pay-off" (NSP), which is defined for any region as the
algebraic arearunder the region?s.excess;demand-curve.(equivalent but
opposite in sign to the area under the excess supply curve). In the
context of spatially separated markets the maximization aof NSP is one
of maximizing the sum of consumer and producer surplus, after discount-—
ing for transfer costs.

The procedure to cbtain the maximization of NSP in a situation
with séveral spatially separated markets with Samuelscn's framework is
not a direct one; in other words, as pointed out in his 1952 paper, a
trial and error procedure would be used to determine the final markef
equilibrium,.i,g,, prices, production, and consumption in all regions.
After this, the problem of obtaining the minimum transport cost flow
solution would be solved by using the Hitchcotk-Dantzig type of
transportation model.

Takayama and Judge (1964b) were able to show that by assuming
linear supply and demand.functions with respect to prices, it is
possible to convert Samuelson's formulation into a quadratic programming
problem; in addition, a solucrion algorithm. was specified to obtéin the
equilibrium sclution for prices, quantities and interregional flows.
The model so specified is general to the extent that it includes the
special cases of linear demand functions and fixed supplies, or fixed
demands and linear supply functions, as well as the multiproduct case
of linear demand and supply functions with linear substitution and/or
complementary terms included. Takayama and Judge (1964a) and Takayama
.(1967) formuléted the mathematical (quadratic) programming model as

applied to international trade and incorporated import tariffs, export
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suBsidies and import quotas as mocdifications of the basic model, The-
basic model, which might in an intermational trade context be célled
the free trade mocdel, was also*modified’by'Bawden‘(iSGG)’ta*include
other types of barriers to the unrestricted movement of goods, such as
ad valcfem impbrt duty, variable. import levy, percentage import quota,
domestic support Price and domestic.acreage allotment., .

The quadratic pProgramming apprcach.to the solution of spatisl
~equilibrium problems was.applied. by Hsiao. and Kottke. (1968) to the dairy
industry in the norctheast region of. che United States; in an inter-
national trade context Bjarnason (1967) and Schmicz. {1968) used the
approach to predict the:pattern of. trade.in 1980 for.feed. grains. and
wheat, respectrively. Their. study incorporated. many of the. government
policies related to trade cited above, and also included the possibility

of bilateral trade agreements.

Reactive Programming

The reactive programming.pnoéedure,for obéaiﬁing.the.solution.Lc
spatial equilibrium problems was introduced by . Tramel and Seale (1959),
and at the same time applied to.a.problem with fresh vegetables. in the
United States. - The procedure.was-defined as "a means. of .cbraining the
equilibrium flows of a commodity between areas with given.transportation
-cost functilons, given demand schedules in each of the.several areas of
consumption and given supply schedules in each of the. several areas of
production" (Tramel and Seale, 1959, p. 1012). At the same . time, ir is
noted that the development of reactive programming preceded the. quadraric
programming formulation of Takayama and Judge as discussed in the

previous section; however, somewhat less attention and use of the
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reactive programming procedure, as compared with the latter, can.be
observed in the lirerature. Some .of the controversies.concerning the
procedure will be noted belocw: at this:point. it should.be sai& that
reactive programming was expanded tg include.other. types of problems
.besides the above type of applicatiaon. far fresh vegetabies. (fixed
-supply areas and demand schedules in the consuming.regions), In such
-4 context, the preccedure can.handle.prablems;where“demandmand éupply
.functioqs,are defined for consuming and.producing. regiéns (with and
-without limits on supply),.the'inclusicn.afhcompeting.products,
consideration of the time dimension, as.we;lnas‘the mcnopoly case. The
-power of the procedure, as exemplified. by the. above areas. of application,
is the main facror indicating reactive programming as a very general
-procedure for solving spatial equilibrium. problems.

| Contrary tc the transportation model and the.quadratié.programming
_.formulatiou, as discussed Previously, no objective.functinﬁ.is specified
in the reactive pProgramming procedure; Fhe method consists of specifying
a set of rules for obtainiﬁg the competitive equilibrium solution for
the spatial equilibrium problem (Tramel and Seale, 1959, and Tramel,
1965). As a result, the Procedure.will provide. ar. the same time the
-equilibrium quantities in each region. and the flows among regiouns
(which proﬁides us with the least cost.routes). These. rules are
Presented in.the above two publicarions .and. were extended to other types
-of problems by Seale and Tramel (1963). Here, it suffices to say that
supply and demand functions maﬁ be defined either in.linear or log-
arithmic form, with the price of the.commodity.being the dependent

variable. The procedure is an iterative one, as a simulation of the
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competitive market mechanism, in such a way that. net.revenue to each
shipper is maximized at the SUppLY areas. -The. final. equilibrium
solution then is identitied when no shipper can-make any change in

-their shipping patterns in a way that would. incresse their returns.
Takayama and Judges 1963} veviewed.the alrernative methods that
may be used for obtaining & solurica tc.a. quadratic spatial equilibrium
model, by considering the one commodity and.n.tegion.case. Their basic
‘criticism of the reactive programming procedure primarily refers to two
points: ({a) the pessibilicy that the pricedure may not converge and,
(b) because of the approximate nature of.the“solutionsAobtained, exact
“solutions could possibly be obtained.onlydafter an.infinice number
of iterations. 1In answering the above.points,,T:amelw(1965).showed
that for the type ci problem specified above, the reactive programming
procedure will always converge, but the convergence is an asymptotic
one; with respect to the computer time nesessary for cbtaining the
solutidns, reactive programming should be. emphasized. as a -procedure to
obtain approximate solurions, where the levgl of accuracy is predeter-—
mined by the researcher. In such context the second criticism may have
some weight, but only when absolutely exact solutions are desired. ' In
addition, as pointed out by Tramel (1965) short cuts in computations
can be used with the objective of saving computer.time. King and Ho
(1972) modified the Tramel program with respect. to.calculating the
initial solution (which dces not include.transfer costs), and provided
examples of applications of the procedure where compunér time used was

in the range from 3 to 14 seconds.
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Only recently hzs reactive programming been used more frequently -

as the solution procedure for spatial equilibrium probelms. Pendse
(1967) used the method to invesrigate the interregional and inter-
seasonal competition in the U. §, beef industry, Zusman ec al. (1969)
also used the procedure to determine trade and welfare effects of .
EEC's tariff and reference pfice Policy on the oranges market; this
study is of a somewhat Breater complexity in view of the combination of
import duties and the EEC's reference price mechanism, as well as the
fact that two varietal groups of oranges were considered. Finally,
Jellema (1972) used reactive programming tc analyze the world market
for groundnuts and groundnut products in a free market context and also
in the presence of import duties imposed by the major importing

countries.

The Model and Data Requirements

Reactive programming will be used for obtaining the solutions to
our spatial equilibrium problems. According to cur objectives, as
described in Chapter 1, we want to determine for 1980, and under three
sets of policies in the world cocoa economy, equilibrium values for
producer's and consumer's prices, ‘imports, exports, and trade flows
for cocoa (in bean-equivalents) for all countries involved, General
presentation of spatial problems, in the context of obtaining sélution
by reactive programming can be found in Seale and Tramel (1963) and
Tramel - (1965); the following discussion relies heavily on-their
presentation, and at the same time emphasizes the data requirements
for our analysis. The first step will be the definition of the

variables involved in the problem; wirh this objective, consider the



23
exilstence of p cocoa praducing tregions {{ = i, 2, sasy W) and n cocos
consuming regions G =1, 2, =1y 0).  Then, we define for 1980:

P, = price of CdCca beans at consumprion point in markec
(councry) j.
P” = oprice of Locoa beans ar Production peint in couhtry i.

Qij = the trade flows of cccoa beans, i.e., exports from
country i which are . imports of country j.

Tij = unit cost of t:anspdrtation from country i o country j.
Rij = met price of cocea beans from ceuntry i in country j.
Ei = weighted'average of all Rij's for counrry i,

D.. = deviation of Rij from ﬁi for producing country i and
'consuming country i.

Q" = total Fixed tocca production in country i for the fixed

Supply situation, or the total production in country . i

for the case of supply functions.

Q = total quanticy of cocos beans consumed in country j.

s

produced in region i for the case where Bupply is
determined as part of the solution. '
As part of the requirements for obtaining the equilibrium solutione
to our spatial problem of the world cocoa economy, we must have demand
and supply functions Projected to 1980.7 Using the demand side as the

example, we need to estimate the following functions (in general terms):
Qj = f (Pj,l «+e) for j =1, 2, ..., q.

The above functions canp be estimated (for purpose of the reactive

programming procedure) in linear or in logarithmic form. By taking into

_be using point estimates of preduction for 1980,
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account values of the other explanatory variables (demand shifters) in
a future year, we are able to Gbtain estimates of the demand functions
in 1980. Since under the reactive programming procedure the above
functions must be defined with price as the dependent variable, we may

write the following relations for 1980:
Py =e @), §=1,2, ..., )

which denotes the price relation in each market, Since supply functions
will be estimated for the most important producing countries, we can

also write:

Pt = nhly, 1.1, 2, ..., m _ (2)

If we assume that unit transportatrion costs are independent of

volume, we have:

Tij = constants, for i = 1, 2, ..., m and i=21 2, ..., n. (3)

As a result, Rij’ which was previously defined as net prices, can.be-:

expressed as:

Rij = Pj - P - Tijrfor i=1, 2, ..., m and

j-1,2, ..., n. (4)
The weighted average of the above net prices is then:

E Ry
R, = 4o » for i =
i by Qij
3
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By using Relations 4 and 5, the deviations of net prices from the average

are -expressed as:

D,, =R,, ~R

yij 14 19 for 1

it
=
-
N
-

sesy M and

}=1, 2, ..., n. (6)

The restriction which must hold in the final solution can be formulated
in terms of the above defined variables; these restricrions are derivedr
.from the principle that an equilibrium will be achieved for a group of
countries when each producing country 1s in equilibrium with all

possible consuming areas. The restrictions are:

Qij > Ofor1=1,2, ..., mand j =1, 2, ..., n. (7}

Qi :‘Zi for 1 =

f
[
[
=]

(8)

This last restriction means that total production cannot be greater
than the imposed limit. If the equality prevails in 8, the following

restriction will apply:

1f Q # 0, then Ryy = R, >0 (9)

If Q, = 0, then Ry < &

for 1=1, 2, ..., mand § =1, 2, ..., n. If the inequality in 8 holds,
the greater or equal symbol in 9 is replaced by the Quality symbol,

The meaning of the restriction is that all met prices correspondingrto
active routes must be nonnegative and also equal for all active routes.
In addition, the net prices that would be obtained if using nonactive.
routes must be equal to or lower than the net prices obtained by

actually using the actlve routes. From Relation 3 we observe that in
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equilibrium net prices in each ¢f the producing areas (positive trade
flows) will differ from prices at rhe CONnsumer centers exactly by the
unit transportation cost. The following Festriction 10 is implied by

9 apcve:

Djj L0 for i=1,2, ..., mandj=1, 2, cees . {(10)

Any soluticn satisfying the above restricrions is an ¢ptimum solution,
althéugb it is possible thar alternate oprima exist,

In addicieon, for the case where supply is not to be determined as.
part of the solution (chat is, a fixed supply situarion that we may

have when dealing with the problem of an international cocoa agreement),

the following restrictions must heold:

If Ri 0 then jQij Q {(11)
If R, = 0 then ZQ < Qi i =1, 2
i i = s =1, 2, ..., m

which insures cthat all availlable supply is allocated when net prices
ére positive bur not necessarily so if net prices are zero.

The assumptions necessary for obraining the equilibrium solution
for all variables in our problem of -the worid cocoa economy can be
summarized as: (a) perfect competition in the trading activity,
(b} a fixed point representing production and consumption in each market,
points'which are connected by transport cosr independent of volume,
(c) the product (cocoa beans) must be 5 homecgeneous one; this assumption
will mean that buyers of cocoa in international trade do not discriminate

on the basis of origin or possible brand names.
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CHAPTER 3
ANALYSIS OF TRADE POLICIES

As emphasized in Chapter 1, the objeccive of this stady is to
determine the spatial equilibrium in the world cocoa economy in 1980
under three policy alternatives, i.e., free trade, trade under the
existence of cariffs and trading blocs, and trade affer the introduction
of an international cccoa agreement.  The variables whose equilibrium
values will be determined include exports and imporcs by country - (or
region), commcdity flows ameng countries (regions), and prices at
consumption and production points. This chapter will present a
theoretical analysis of the world cocoa economy in the presence of tréde
policies by the governments involved, i.e., the imposition éf import
tariffs, existence of trading blocs, and the introduction of an inter-
national Cocoa agreement. To facilitate the analysis, transport costs
will not be specifically considered in this chapter; this will be done

at a later stage in the analysis.

Import Tariffs

In this section we will investigate the effects of a tariff imposed
on an imported good (cocoa beans) in a partial equilibrium framework.
Basically, two types of tariffs can be ‘distinguished: a specifi: and
an ad §alorem tariff. The former is a fixed amount per unit of the
good being imported, and the latter is a fixed percentage of the unit
value of the imported good. Several reasons for the impbsition of
tariffs as well as the resulting effecrs are presented in the literature
of commercial policy in international trade (Freeman, 1971, Chapter 9,

and Walter, 1968, Chapter 7). However, the cocoa case is a very peculiar
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one because cscsa beans are not produced in the imporrant consuming

nations of the world; as a result, most of the domestic arguments for

of the reasons for the impositien of tariffs and their respective
effects domestically and internaticnaliy will be examined: they are,
the revenue and terms of trade teasons. To achieve this objective,

a distinction will be made with respecr zo importing nariong concerned,
The first type of importing coeuntry will be the one with such a smal}l
importance in the world cozoa trade that the supply curve of imports

is perfectly elastic; expressing the same pcint in difrerent words,

the country in question can import as much cocoa beans &8s wanred without
affecting the unit price Prevailing in the international market. The
second type of imperting country will be cne with Bréater importance in
Cocoa trade such that the supply curve of imports (cocoa beans) is
upward sloping.

The first case ig Presented in Figure 1 where DC is identified as
the domestic demand for cccoa beans (a derived demand), Sc is the
;erfectly elastic supply of imports (no domestic pProduction eiists);
quanticy imported is Ql at price P1 prevailing in the world market. Now,
the imposition of a tariff on imports Causes the supply of imports to be
shifted upwards, as represented by Sc + t, where t is the level of the

tariff;8 the price consumers pay domestically is given by P2 and

8In this case, since world price is unaffected, ir does not matter
whether the tariff is g specific or an ad valorenm one. For simplicity,
it is identified as a Specific tariff in the amount given by t, Alter-~
natively, the effect of the tariff can be obse:ved by reterring to g
downward shift of the demand curve in Figure ] (average revenue ro
exporters), the new curve passing through poinr A and parallel to Dc
in the case of an excise tariff,
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Figure 1. The effects of a tariff on cocoa imports --
the small country case
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quantity imported iz reduced to Q2’ buc world price of cocoa beans
remdins unchanged st P1° The price difference (P2 - Pl) times the
amount imported represents the rariff revenue raised by the government
of the impcriing naticn (equal to the area P2 CAP1 in the figure), and
this 1s identified as the revenue effect of the rvariff. Consumers, as
expected, are worse off with the tariff, since they pay a higher unit

price and consume a lower amount “{quantity Q2 at price P_). Consumers'

2
surplué, measured as the area under the domestic demand curve and above
the price line,9 is lower after the tariff and its decrease is given by
the area P2 CBPlb Since the area P2 CAPl is transierred to the govern-
ment as tariff revenues, the real loss to society 1s gilven by

the area of cthe triangle ABC.lO The exporting countries are
affected only to the extent that the amount of cocoa beans imported

is reduced f:zom Qi to Qz, but werld price temains the same.

The results obtained above can now be contrasted with the type of
country facing an upward sleping supply curve of imports;-large consum-
ing countries such as the United States, or groups of countries
like the European Economic Community (which have a common external
tariff), might be inciuded in this category. Figure 2 presents this

case. All curves have the same meaning as before (Figure 1); the

initial equilibrium ar prize P1 and quanticy Q1 is affected by the

9For an evaluation of‘the use of consumers' surplus as indica;ors
of welfare change, see Berry (1972, pp. 79-81j, and Currie et ai. (1971,
ppn 742—753) g )

10Although not of direct ccncern to our analysis, a complete
analysis of the effects of the tariff must vake intc account how the
tariff revenue is spent, including possible effects on the demand curve
for the commodity.
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imporcing'country's imposition of a specific tariff at level t.ll The
impositicn of the tariff by the country in question raises the domestie
pfice to P2, which reduces the quantity demanded domestically by Qle;
the consequence for a icwer domestic demand for the commodity is to

cause a decline in world price from Pl to P3, As a result, we have that

the tariff is levied partially on producers in the exporting country

since part of the tevenue effect of the tarirf {area PZCAPBJ is borne

by the foreign éxpotter (area PlDAP3, because of the reduced world price

P3), and only part by the domestic consumer (area P CDPl)g

2
In terms of welfare change, the ceuntry in question may even gain

from the action of imposing a tariff on imports of cocea beans. To

examine this pcint, we have to indicate that consumers suffer a loss of

-consumer's surplus given by the area PZCBPl’ but the government obtains

2 3

the country will depend on the comparisons of areas CBD and PIDAPB; the

former is che net loss in consumer's surplus and the latter is the

revenues measured by P_CAP_,. The final indication of loss or gain to

portion of tariff revenues which is borne by the foreign exporter. This
result makes the difference with respect to the previous analysis of the
small country case. Since world price is decreased as a result of the
tariff, the importing country in question enjoys an improvement in its
termsaftrade,l2 and consequently the exporting country experiences a

deterioration in its terms of trade, all other things constant,

llFigure 2 shows the case of a specific tariff t. Wirh an ad
valorem tariff, the supply curve with the tariff would diverge from SC
by increasing absolute amounts as we move up in the price axis.

2Refer-ence is made to the commodity terms of trade, defined as the
ratio of an export price index and an import price index with quantity
as weights (Freeman, 1971, pp. 86-87). It is assumed that the disposition



33

It is worth emphasizing at this point that, in the absence of
retaliation by the exporting country, ié is possible to find a ievel
for the tariff which would maximize the importing country's gain from
the tariff, Proceeding with the supply-demand parcial equilibrium
- framework, the importing councry could act as a monopsonist and select
that level of imports where the marginal cost of the imported good equals
the domestic demand price (Fceemaﬁ, 1971, pp. 143-i46). At a later
point in the analysis we will consider the symmetric case of monopoly
power for the exporting country,

As mentipned‘above, the other side cf the rariff refers to the
deterioration of the terms of trade of producing countries, which
combined with lower quantity of exports would have the effect of
decreasing their foreign exchange earnings from exports of cocoa. In
the small country case, as discussed above, it is much more likely that
the reason behind the impcsiticn of the tariff is to be found in
administrative simplification of obtaining revenues from imports, since
no gains in the terms of trade are involved. Since no protection of
domestic-industry is involved, and since these countries are usﬁally
developed ones, it should not be vefy difficult in administrative terms
to move to alternative forms of taxing the domestic sector to achieve
the same level of government revenues. After a possible elimination of

tariffs on cocoa beans and other raw materials, welfare might be

of the tariff revenues do not in turn affect the position of the
country's offer curve after the tariff, and that the domestic demand
curve for the commodity is a "total" one (Berry, 1972). Ideally,
markets for other gceds should alsco be considered in the welfare
change when an improvement occurs in the country's terms of trade.
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increased with this cﬁange gince consumers' surplus would be increased=13
As a result, exports of cocoa beans would increase, as well as the level
of exchange earniangs of ppcdu:ing countries. In the large country case,
the situaricn is more difficult, since they have their terms of trade
improved as & result of the tariff, but neverchsliess suggestions for
the elimination of tariffs on imports of raw materials from less
deuelopéd countries as a.means of expanding trade and thus contributing
to solving the problem of their export preceeds can be found in the
literature {(Pincus, 1965, Staley, 1965, and Committee for Economic
Develcpment, 1967).

In additicn to the'exiscence of tariffs on cocoa beans, the
creation c¢f che Eurspesn Economic Communicy (EEC) in the early 1960's
may-also have affected the world cocoa gzoncmy. This type of economic
integration, kncwn as a Customs Unicn, has as its basic characteristics
the free movemenut of factors of pProduction as well as goods and services
among member courtvies, but a common external tariff is impcsed on
imports from nonmember countries. In the particular case of cocoa,
former- French and Belgian territories (most of them independent
countries now) remsined associated with the EEC (Yaocunde Convention),
and as a result have preferential treatment for their exports of cocoa
as compared with third countries. This means that Latin American and
other cocoa producers (including some African ones) ére discriminated

against as a result of the trade arrangements of the EEC, since the free

13A complete comparison would include possible welfare lcsses from
increasing taxation elsewhere in the economy, as well as the administra-
tive costs in both situations.
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trade pattern created by the common market is a limited one in termé of
participating countries.

As compared with the situarien before creation of the EEC, where
imports of éocoa were free of tariffs, or at least a3 situation with
tariffs bur wichour discrimination with respect to sources, it is
possible that the existence of the EEC has contributed to trade diversion
in the cocca ecenomy. Taking Latin American cocoa producing nations as
a basis for comparison with the benefited African producers, before the
imposition of a common external tariff to the imports from the former
countries, they were able to compete for a share of the EEC market with
the latter nations., Considerations of transport and production costs
would determine the shares of each country or region in the‘markets of
nations now belonging to the EEC. After the imposition of a common
external tariff on cocoa from nonmember countries, it is possible that
the pattern of trade might be changed in such a way that African
countries associated with the Common Market would be able to increase
their market share, although lower cost imports (without the external
tariff) might be available from Latin America (or other sources). This
negative production effect would also be combined with negative consump-
tion effect (Walter,-1968, Chapter 23),.155;, higher prices to consumers.
If existing, these effects would tend to change the free trade pattern
with nonmember countries as prior to the integration by diverting trade
in cocoa to African countries associated with the EEC. |

The situarion described above would not take place if the African
countries benefiting from the EEC policy enjoyed, to start with, great
advantages with respect to preduction costs and location which would

allow them to supply (under no discrimination) the imports of cocoa for
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the EEC. The imposition ¢f & common externsal tariff tc nonmember
countries in such a conrext would not result in trade diversion in the
short run; however, in the long run (allewing for technical changes in
cocoa procuction) some degree of trade diversion might result from the
. discrimination imposed on Latin American and other producers. This
situation might even become more serious tc some of these ccuntries
when we take into acstunt the enlarged nature of the EEC market (with
the additon of United Kingdom, Ireland, and PDermark) as of January 1,
1973, and the possible inclusion of Ghana and Nigeria, the two largest
producing countries, among those narions receiving preferential

- treatment,
International Cormodity Agreements

Historical Development

Since the 1920's there has been a great deal of discussicn con-
cerning international érade in primary products, and international
commodity agreements to control the price and quantities produced and
sold (Law, 1970). This discussion has given emphasis basically to two
issues: price instability and the terms of trade for primary commodity
producers; in this context, the shifting of position of the United
Nations is a relevant point to be noted.l4 During the interwar period
and with the proposed International Trade Organization (Havana Charter),
and even through the 1950's, the discussion centered mainly around the

issue of price instability; the Havana Charter even attempted to limit

14T‘he historical development relating to international commodity
agreements can be found in Johnson (1967) and Law (1970). Most of the
informaticn in the text is obtained from them.
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the use of techniques of trade restriction which asimed at increasing
commodity prices.

A more direct intevest cf the United Nations for the terms of trade.
issue started in che 1950's and culminared in 1964 at UNCTAD T (United
Nations Conference on Trade and Develcpment), a time when the shifting
of emphasis was ccompleted. - The issue of price stability for primary
commodities was not entirely abandsned, bur a much greater emphasis was
put on internaticnal commodity agreements as a means of improving the .
temms oftrade ¢f fess developed countries and increasing their foreign
exchange earnings. The position of the United Naticns in 1964 and after
could be summarized as éeeking price stability and greater exchange
earnings fcr primary pradﬁcts, with more weight attached tc the latter
than to the former point.

In the period following World War IT uncil the present, five
commodiries have experienced some form of international ag‘reement:l5
wheat, sugar, zoffee, tin and ciive oil (Joﬁnsqn, 1967). However, only
the type of agreement in the coffee case is relevant for the present
analysis. The restriction procedure (export quotas) in the international
tradé of coffee originated as an agreement in 1957 between seven Latin
American countries, the coverage.being increased ro 90 percent of the
world exportable production in 1961, and with the inciusicn of major
importers in 1962 (Kravis, 1968). The official Inrernational Coffee
Agreement was signed by the major producing and consuming countries in

1963 for a period of five years and it was renewed in 1968.

;SGwyer‘(1972) also mentions the recent introduction of an informal

slsal agreement,
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The relevancy of the coffee agreement for our analysis refers to
the facc that, similar to tocoa, coffee is produced in less developed
countfies; has no clcse substitutes, and all majsr consumers are devel-
oped countries. The coffee situation is, hewever, somewhat complicated
by the existence of at least three major types of product (Milds,
Brazils, and Robustas), The restriction scheme in existence in the
coffee agreement is based on eXport gquotas for each participatring nacion
(actuél quotas ave determined annually for each crop year), and a quota
adjustment mechanism {upward and downward) introduced in 1967 in
accordance with an indicator price for each of the different categories

of coffee (Kravis, 1968).

Collective Moncpoly Power

The question of internaticnal commodity agreements will be ap-
proached in this analysis in such a ﬁay as to take into consi&eration
the possibility of the producing countries h;ving, collectively, some
degree cf monopoly power in the cocoa market. In such a conféxt, an
international commodity agreement will be viewed as the means through
lwhich a group of producers (or all of them) could act collectively in
such a way that by restricting their exports of the producrt they would
increase their inccmes and/or foreign exchange earnings from the product
in question. To the extent that their action is successful, a transfer
of resources takes place from the déveloped countrjes to them via the
commodity market. The probiem of price instabilirty (fqr cocoa besns
in our case) is not necessarily solved by monopolist pricing, but a
stabilization scheme might be devised to achieve this objective, mainly

with respect to a rigid control of domestic production and some stock
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maintenance ts account for fluctuacion in supply caused by climatic
conditisns. The indications in the caise of cccoa are, however, that
producing natians_are disposed to live with some degfee of price insta-
bility, to the exteat that the price variations are around a higher

. price level fsr the productel6 This reasoning is to some exrtent
confirmed theoretically because not ail catses of price disturbances are.
detrimental o producing nations, from a toral foreign exchange earnings
or welfére,point of view (Grubel, 1964, and Hueth and Schmitz, 1972).

In additiﬁn, the cbjeciives, under the apprzach of exploiting
collective monopcly power, may be much more precisely defined by the.
participating'countries {in terms of increased inccme andfo; foreign
exchange earnings) than under the lines of counteracting a possible

detericraticn of the terms of trade or, alrernatively, preserving some

purchasing power paricy relationship of primary and induscrial p:oducts.l7

This approach alsy makes clear that the less develeped countries may
achieve their chosen goal by their initiative, i-e., by acting cocilect-
ively, although as recognized below the participaricn of consuming

nations might enhance the chances of success for the agreement.

16Killir.—k (1967, p. 20) mentions that during the 1963 negoriations
for an intermational cocoa agreement, producing countries emphasized the
improvement in terms of trade as the primary goal by accepting a price
range that would allow fluctuations of 33 percent upward and 25 percent
in the downward direction. Price instability, may, however, in the
long run be a factor reducing the world demand for the commodity if the
uncertainty created (with respect to input costs and stock maintainance)
provides the incentive to use substitute products cr invesc in research
and development (Helleiner, 1972, p. 52).

l7The last objective is atcributed by Johnson (1967, p. 154) to
Raul Prebisch, former secretary of UNCTAD.
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.The apprcach of expleiting the collective monopoly power through
an internaticnal agreement ameng producing nations is based on the
optimum tariff argument in the theory of commercial policy (Kreinin,
1971, pp. 249-250, and Freeman, 1971, pp. 143-146). In a partial
equilibrium framework, the problem reduces co finding that level of -
exports of the commodity for which marginal revenue equals marginal
opportunity cost of production. Figure 3 illustrates the casze of
‘monopoly power in international trade. Dw is the world demand for the
commodity in question, SD is the supply curve rrom cther sources rather
than the ccuntry whose policy is being examined {supply curve given by
SA; constant costs are assumed only for simplicicy cf exposition).
Without monopoly pricing by A, equilibrium occurs at quancicy Ql and
price Pl’ with country A selling Ql -,QlO and the other sources exporting
Qlou Naw; wich country A deciding to exploit its monopoly power, the
relevant demand curve facing it becomes DA.(actually an excess demand,
found by subtracting S0 from Dw horizontally), énd cerrespondiag marginél
revenue curve given by MRAa By equating marginal revenue with the
constant marginal opportunity cost of production (Point B), price P2 is -
determined; as a result, other sou?ces will export Q2O and country A
will be the residual supplier with quancity QZA. By so acting, country
A will have its exports decreased, but at the same time monopoly profirs
given by the area P2 CBPl are obtained, as Qell 48 resources previously

18
used in this activity are released for alternative uses,

18The valuation of the released resources is obtained by

i 0 , .
multiplying the quantity (Ql - Ql - QZA) by the price Pl’
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With the objective of investigating the existence of monepoly . power
in the cocoa marker by a group of producing nations, we will now briefly
consider rhe case of the tnsuccessful Cocaa Producers! Alliance cf 1964,
As mentiscned in Chépter 1, che Alliance was.re include Ghané, Nigeria,
Brazil, Camercen and Ivory Coast, the five leading cocoa producers
representing cver 80 percent of cccos exporrs in value terms (average.
1960-64, Table 3, Chapter 1). To determine to what extent this group
of countries, collectively, has mcnopely power in the cocoa market, we
need an estimste of the price elasticity of the deﬁand curve facing
them (ccrrespondipg tc the excess demand curve_DA in Figure 3). An
estimate of this elasticity can be cbtained by the use ¢f the followiné

relationship (derived in Appendix A):

(12)

where RA is the elasticity of excess demand for cocca beans facing the_
above countries, Sy is their share in total eXpcrts, 1 is the demand
elasticity for cocoa in the world, and <0 1s the supply elasticity of
cocoa beans from sources besides the.five countries listed above.
Killick (19867) provides an estimafe.of 1 in industrial countries as
~-0.28, obtzined by the Food and Agriculture Organization of the United
Nations in 1963. Estimates of £y are more difficult to come by, but
Behrman (1968} provides us with this elasticity for two countries not
included among the above five: they are very close to zero in the
short run (0.03 and 0.12) and somewhat more elastic in the long run

(0.15 and 0.38), being obtained from supply regressions in the period
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1946-47 through 1963—64.19 If we use a value of 0.30 for 25 in the
above expression, and since we know that Sy = 0.80, we cbtain -.425 as
the estimate of nAezo This is a relevant result for the present
analysis, because it weuld indicare that at the price level of cococa
beans used to chtain the above estimates of the necessary elasticicies,
the countries inciuded in the Cccoa Alliance were operacting in a
8ltuation of negative marginal tevenues.. Total prefits from cocea
exports could be Iincreased simply by reducing exporrs, since by so
doing, torai revenue would increase and total cost wouid decrease.

The resulr sbrained above is very relevant to the export policy
of the ccuntries inciuded, With the objective of-clarifyiﬁg the
question ¢f monspoly power, a very brief review of moncpoly theory will
now be made szince there is some contusion in the literarure dealing with
internaticnsal cemmodity agreements .and menepoly.  Figure 4 will
illustrate the points to be emphasized. In the context of international
trade, impiying a multi-country framewerk (but disrepgarding, as befcre,
the space dimension), D can be interpreted as the aggregaterdemand
curve for cocsa beans and MC as_the horizonrial summation sf individual
countries' marginal! cost curves; in a free trrade situaticn, equilibrium
would take place at quantity Ql and price P1: If all the producing

countries decide to act collectively to exploit their monopoly power in

lgShott run 1is defined to include a period of time tou short for
new plantings tc come inte bearing, and leng run as the time period
-allowing for the above and other adjustments to take place,

20The above estimate for n refers to a short-run elasticity; if we
use n = -0.56, that is, che double of the original value, as an attempt

to come closer to the long-run elasticity, the final resulr for N is
-0.775.
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the market, equilibrium quantity will be obtained by equating marginal
Tevenue (MR) to marginal cost; by so doing, the new equilibrium occurs
at quantity Q2 and price PZ' Since we are in a multi-country context
the allocation of production would occur by equating individual
countries' marginal cost to the equilibrium one (point A in the figure),
Profits are.then maximized for the group as a whole,zl and as compared
to the competitive soﬁution, resources valued by the area Q2QlBA are
Treleased for alternative uses.

The relevant point to be noted with respect to the competitive
solution as shown in Figure 4 is that the equilibrium is occuring
at a quantity where marginal revenue is negative., From the relationshiﬁ
between marginal revenue and the price elasticity of demand; we know
that when marginal revenue is negative, the demand elasticity is below
one in absolute value.22 It fqllows then that all countries acting
together in thé ctocoa market cannot maximize profits if the demand
elasticity is less than ome in absolute value because marginal revenue
1s negative and marginal cost is positive. They should then, to
maximize profits, reduce output because in so doing, total revenue will
be increased and total cost decreased.

At this point it is worth mentioning the misconception existent at

least in part of the literature on commodity agreements with respect to.

21We disregard at this point problems related to possible retralia-
tion, which is assumed away in the text, although the group of countries
may still gain even after retaliation (Johnson, 1961). :
2ZMR =P (1 - ;0, where n is the price elasticity of demand in
absolute value; see ' Henderson and Quandt (1958, Chapter 6).
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the feasibility of an €xport-restricting type of policy by the producing
countries. The argument 1s that a pricé-raisiug commodity agreement
would be successful oniy to the extent that the demand for the commodity
has less than unicary elasticity .in absclute value (Law, 1970, Pincus,
1965, and Killick, 1967). Fel;owing this reasoning, it can be seen
that total revenue (foreign exchange earninrgs) from exports will be
‘maximized at the quantity where marginal revenue is zero {quantity Q3
~in Figure 4), implying a unitary elasticity of demand (peint C on the
demand curve of Figure 4), However, this level of exports is the
adequate cne only if the policy objective is cne of maximizing foreign
exchange earnings rathef than of income (profits). If the producing
countries have as their policy objeztive the maximization of income,
exports should be decreased in such a way that the new equilibrium will
be on the elastic portion of the demand curve (to the lefit of point C
in Figure 4)n23 The point to be emphasized, as put by Johnson (1967,
Chapter 5, and Helleiner, Chapter.3), is that even if the elasticity of
demand is greater than one.in absolute value, there exists an optimum
degree of export restriction, which decreases as the above elasticity
increases, and, as put by Johnson,; the confusion arises by looking at
the problem of develcpment from a balance of payments rather than from

a real resources point of view.

23As mentioned by Johnson (1967, p. 156) and also shown by
Kindleberger (1968, p. 210), this is nor an cptimum pclicy from the
" point of view of world efficiency and welfare of the developed countries,
A combination of lower than optimum export tax and subsidies by the
developed countries could keep the producing nations at the same welfare
level and increase the welfare of developed countries.
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The infermarisn presented sbove Indicates that the price elasticicy
of demand tor cocca beans is below one 1n absslute value, and as a
resulc, the case for intreduczing expcrt resrriceion policies is a
strong one since the demand elastizicy in industrial countries, as cited
above, is ~,28 and the excess demang elasticity for cce2a beans from
the five members of the Cocoa Producer's Alliance is -0.425 (or -0.775
A48 in Foutnote 20}. in either case (all countries acting collectively,
or only the Alliance's five). The policy to be followed should involve
a decrease of exports. In such a gituaticn (less than unicary demand
elasticity), the simple reduction of exports would in;rease borh total
revenue and profics, until a point en rhe demand curve is reached where
the elasticity becomes unitary. Beyond this point, profits from expor;s
could still be increased, but toral revenue (foreign exchange earnings)
would decrease.

A more comprehensive approach to the question of monopoly peower
in commodity markets in international trade -should, however, take into
account possible differences in the values of price elasticity of demand
when introducing the time dimensicn fsee Footnote 18). Among the
factors determining the price-elasticity of demand for a product, we
have to consider the availability of substitutes (Wu and Pontney, 1967,
p. 199); if producers (in the case of a raw material or intermediate
goods) and consumers are able to find a greater number of substitutes
for the commodity in question over a longer period of time, then the

2%
long-run price elasticity of demand would be more elastic,® The price

24When referring to a group of countries (Cocoa Alliance, for

instance) having monopoly power, another factor affecting the long-run
elasticity (more elastic), as in relaticn 1 above, 1s the develcpment
of alternative sources of supply (changing 5,0
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rise, resulting from the monspolizr action in the cecva case, could
prcvide an impartant incentive for pgeeater expenditures in research and
develcpment since no direct substitutes are avzilable at present for
making chocolate \International Federaticn of Agriculiural Producers,

25 ‘ . . )
19723). The problem £ cpbimal EXpOrt taxes by a couniry with
monopoly power in internatricnal trade-in the shore and leng run
was investigated by Reperto (1972) ard bis conclusion was that the
optimum tax depends on the long-run and short-run price elasticities,
the relationship between them, and the sscizl cime discount rate. The

obtained relaticnship can be expressed as:

= (r + b) 1° (13)

'-:.i_. '£t=
T - (1 + bJ

: * ) ,
where T is che sptimal tax (as a percentage of the expcort price) when

allewing icr the time dimensicn, fi. 1s the short-run price_elé5ticity

=

of demand, b is the raris between the short-run and long-run demand

elasticities (0 £b 21), r is the social discount race, T° (= %—9is
s

the optimum tax using only the short-run demand elasticity, and iy is

the long-run elasticity of demand. - It then can be seen that the optimum
*

tax T is higher, the higher the discount rate, the lower the long-run

elasticity and the slower the demand response as given by b.26 By

considering these facters it is then possible that the oprimum export

25A more detailed discussion about substitursbiliry and complemen-
tarity is presented on the section about demand estimation in Chapter 4,

26The parameter b, as defined by Repetto, measures the demand
adjustment over time in terms of cenvergence to the long-run equilibrium.
The closer b is to cne, the faster is the adjustmenc .
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* - . s )
tax T should be l:wer than the short-run tax T ; in terms of exports,
it would mean that the optimum (restricted) level of quantity reported
of cocoa beans might be ar a greater amount than cthe one cbrained by
only considering the short~;un elasticity of demand.

The social discount rare r would, according to exﬁression 13, be
positively related to the optimum tax T*. Since it could be assumed
that the less develsped countries are willing tc increase rapidly the
degree of industrializacion of their economies (assumption based on their
past policies), with a view of increasing the flexibility of their
2conomic structlres {Johnson, 1967, p. 155), we weiild exXpect this type
of strategy fo contribute to the existence of a higher social disccunt

rate than ctherwise, which would constitute a factor expected to increase

the optimum tax {decrease the amount -expected)}, other things conscant,

Alternative Ccmmcdity Agraements

The most commen &pprosch fcund in the literarure of commodity
agreements, wich respect Lo dealiﬁg with the goal cf price increase,
refers to the use.of EXpPCrt quora restrictions; this is in fact one of
the main features of the International Coffee Agreement. In the
Present analysis, dealing with the cocoa market, export quota restric-
tions will be viewed as the operational scheme applied by the producing
countries aiming at raising prices of the product and exploiting their
collective moncpely power in the werld market. This approach is in
line with the reactive programming method of obtaining the solution

2
to a special equilibrium problem, as discussed in Chapter 2, d

. 7In fact, the reactive programming procedure provides the optimum

eéxport quantities as cone of the results of the solution; the procedure
will actually start working with production restrictions (more about
this in Chapter 6).
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The use of an export rescric-ion policy as the scheme to exploit
collective menopsly power in internatiscnal trade must, however, meer
certain conditions to be effective over time. A very important one is
that the agreement must include the major producing countries in terms
of a large share in total exports. The reason for this is that the
price raising nature of the agreement preovides an incentive for
individual naricns tc stay out of the scheme and, to some extent, enjoy
a situation where prices are higher for their exports with no quota
limitations. In other words, the outside country would be getting the
full beneiit of the resultant higher price, without incurring any of
the cost through reduced ourpit (see also Footnote 22); this is the
free rider problem (Stigler, 1966, p. 233). If several couﬁtries
decide to remain cutside the agreement, the effectiveness of the
remaining group to raise prices and thus exploit their monopaly power
may be considerably diminished over time, A new councry coming‘into
the cocoa production activity, because of the price incentive, would
also add to the abcve problem. In such a context, the participation of
the major consuming countries and their discrimination against non~
members (with respect to origin of their imports) become important
elements for the agreement's effectiveness.2

In addition to restricting the level of cutpurt and exports, it

must be recognized that the restriction scheme working through the use

8The»International Ccffee Agreement includes such a feature, in
addition to an export quota controcl mechanism (a certificate of origin
accompanies coffee exports, with a copy to the International Coffee
Organization); imports from nonmembers are limited by qustas imposed by
consuming nations.



51
of export quotas May cause an ineffi:ient allccation of resources in
the cocoa industry. Emphasizing the similarity {disregarding locarion
and resultant transpertatfon costs} between the dgreement in quescion
and the multiplant monopoly problem, we recall that the correct output
would be. at the quantitry where dggregate marginal cost equals aggregate
marginal revenue., The optimal allocation of production among the indi-
vidual countries would be achieved at the quantity where each country's
marginél cost is equal to the common value of aggregate marginal cost
and revenue at the monopoly equilibrium output. Under the assumption
of different cost conditions among countries, if export quotas are
distributed by cther criteria than the above efficieat allocatien (forl
instance, based on previous production or export performancé), there is
No guarantee that resources will be properly-(efficiently) allocated in
the indusctry. 1In addition, profits from the dgreement would not be max-
imized if misallocarion occurs (Ferguson, 1969, pp. 270-272 and Stigle;,
1966, p. 233). Furthermore, unless enough flexibility in the distribu-
tion of quotés over time is included at the beginning, the scheme will
not be responsive to changed cost conditicns among countries and possible
existence of new countries, coming into the industry, with low-cost

conditions.29

29As a possibility for moving in the direccion of greater effi-
ciency, Helleiner (1972, p. 57) suggests that the annual right to export,
however determined, be made transferable at a price between countries.
In addition, mention 1s alse made (Kravis, 1968) of an international tax
(adminiscered by a control organization). Variocus alternatives are
possible for the distribution of the proceeds, including one where part
would be returned to producing countries directly for use in develop-
ment programs. Similar possibilities are the impositien of import duties
by the developed consuming nations with return of the proceeds to produc-—
ing countries (Helleiner, 1972, p. 62), and the imposition of an export
tax by producing nations concerned (the gains would accrue to them
directly).
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As an additional requirement for an export restricting type of
agreemenc for cocca to be successful, measures must be in;roduced by
the individual participating nations to separate prices paid to
individual cocoa preducers from the export pricea30 Unless such
measures are taken, the efforts of reducing supplies in the world
market to obtain an increase in price may be in jeopardy, since domestic
production would be increased as a result of the price incentive, stocks
~would tend to increase, and pressures from individual countries for
special Creatment with respect to quota increases might unfavorably
affect the basis'for the initial colléctive action (and so contributing
to the failure of the aéreement).sl Diversificarion measures, providing
incentives for producers tc move away from cocoa production, would be
in order here, and although each iIndividual country should, in principle,
be responsible for the programs, a greater participation from the
agreement's central organization might be advisablen32 As a result of
of the separation of the domestic and export price of cocoa, the gains-
to be made by participating in the agreement (monopoly profits) would

accrue to each country as a whole and not to individual cocoa preducers.,

0For some strategies to control domestic production (e.g., ex-
change control), see Rogers (1973, p. 42).

1This type of problem was encountered in the International Coffee
Agreement mainly with respect to Central American and African countries,
which were able to cbrain quota increases; the conditions for this have
become more stringent recently (Kravis, 1968).

2Brazil developed a diversification program for coffee on its own
initiative during cthe 1960's and more recently a propesal was made for
the creation of a coffee diversification fund in the International
Coffee Organization with compulsory contribution from exparcing member
countries (Kravis, 1968). '
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In ad&ition, by enuouraging diversificatioa in preduction, cucput of
other crops might be 1ncreased with the use of the resources released
by the cocoa rescriction schemea33

The problem of keeping stocks of the zommunity in storage is noc
completely aveided by the moncpoelist pricing scheme; even with the use
of export quoras and rigid cpntrol ofrdomestic_production, individual
countries must consider possible quota increases resulting from expan-
sion of consumption over time and the more random fluctuaticn in pro-
duction caused by climatic cenditions, These elements making necessary
the maintenance of stocks will be in operation even under conditioms of
price stability in the worid market, more sc when consideration is given
to the fact that cocoa is a tree ¢rop, requiring several years before_
.new plantings are reflected in the market in the form of increased
productionc34

A word abour patrticipaticn of consuming nations in an export-
restriccing type of arrangement as described above is in order. Along
the lines of the second objective of this analysis, as described in
Chapter 1, the explicit inclusion of consuming countries in a cocoa

agreement is not necessary. This is s¢ becausze our cbjective was to

determine the effects of rhe commodity agreement upon cocoa trade

3 g . . , _ : .

Special attention might be given to those farmers directly
affected by the reducticn in cocoa output, thact is, the adjustment
problem for owners and hired labor in meving to alternative acrivities.,

341t is likely thar, with the functioning of the agreement, most
of the cccoa stocks kept in storage will be directly controlled by the
respective governments rather than by private firms; rhe uncertainty
created by the bargeining process in the yearly allccaction eof quotas and
the political considerations involved weculd tend to favor state control,

-
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(consumers and producers' price and trade flows), as well as the gains
(income or total revenue) to be had by producing countries as compared
with alternative market arrangements. The application of the reactive
programming method for obtaining the equilibrium solution of the spatial
~problem will not require the specific inclusion of consuming countries
in the restriction scheme. 1In such a context, the objective is one of
evaluating the potential gains to.the producing nations from exploiting
their eollective monopoly power. The inclusion of consuming nations
Vmight become an important element for the success of an actual agree-
ment (in terms of effective policing); when, as mentioned above, some
countries decide to remain outside the scheme, and also as a way to
obtain the enforcement of each country's export quota (Johnson, 1967,

P. 146, Helleiner, 1972, p. 58). Since consuming countries would then
be performing a useful role with respect to the effectiveness of the
agreement, and since producing and consuming nations would have
divergent interests with respect to prices and quotas, it is likely

that their participation may be obtained only at the cost of producing
member countries accepting a level of profits lower than the optimum
(that is, larger éxport quotas and lower prices as compared with the

monopoly's optimum).35

5Consideration might also be given by consuming countries to
decreasing the amount of aid provided directly or through multilateral
institutions, since with the agreement, transfers would be made via the
commodity market. Since this interdependence can be considered only as
2 possibility and since we are interested in the magnitude of the
potential gains to producing countries as an indicator for policy
action, this question will not be taken directly into account in the
analysis to follow.
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An ‘International Cocoa Agreement

The information présented above indicates that €ocoa producing
countries might cbtain considerable gains by collectively exploiting
their moncpoly power in the market. This was true not only in an
agreement including all producing-uations, but also in the specific
-€xample given of the five members of the once existing Cocoa Producers'
Alliance. The only empirical investigation of the cinsequences of a
-monopolistic cocoa pricing scheme was the ome by Behrman (1968). With
'respect to rtotal revenue of producing countries, his findings indicated
a maximuﬁ level to be reached in the price range of 75-80 cents per
pound, the absolute inctease being in the order of 360 million dollars.
By assuming the same production shares which prevailed in the period
1960-61 through 1964-65, the change in revenue (at various prices)
was distributed among eight leading pProducers; Ghana was the largest
beneficiary, in terms of value of ‘total éxports (a 45 percent increase
in the range of 75—80 cents per pound), foliode by Cameroon, Ivory
Coast, and Nigeria with much lower increases. The smaller countries,
Ecuador, Dominican Republic and Venezuela, had very small increases
(8.7, 4.6, and 2.4 percent, respegtively).

In what follows, the basic approach to be adopted will be one where
all countries producing cocoa would participate in the agreement, but
the downward adjustments in production necessary tc the establishment
of reduced exports will occur only for the five leading producing

. R
nations (Ghana, Nigeria, Ivory Coast, Cameroon, and Brazil), 6 In such

6Fewer difficulties in the actual negotiation of an agreement are
an advantage of such procedure; reduction also for other producing
countries can and will, however, be introduced as variations of this
basic approach.
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a case, Figure 5 should be useful in terms of clarifying the issue of
gaips accruing to any one of the above five countfies as a result of a
possible international cocoad agreement. The usefuliness of Figure 5
relates to the fact that such géins can be presented not only in terms
of foreign exchange revenues, but also that a welfare analysis of the
agreement {(as compared to a free trade situavion} can be made.

In Figure 5 the sitwation of a Tepresentative country {either
one émong Ghana, Nigeria, Brazil, Ivory Coast, and Camerocon) is
presented for the case of free trade and trade under a cocca agreement ;
in that figure SS is the long-run cocoa supply curve and DD is the long-
run domestic demand curve for the product. OQl represents the compet-
itive output for such country, at a world price given by 0A; total
‘revenue is given by the area OQIBA, af which QZQlBC represents foreign
exchange earnings. Now, with the agreement, an output restriction (or
quota}is set at OQ3 (and similarly for all other participating
countries).37 After suppLy-and demand functions in all countries (as
well as transfer costs) are allowed to interact in the world cocoa
market, price for this country's product 1s determined at OH., As a
result, total revenue is given by the area OQ3IH and foreign exchange

revenue by the area Q4Q3IG.

38Disregarding the space dimension, total output would be
determined, as previously discussed, by the condition of equaliry
between aggregate marginal cost and marginal revenue; after the quota
sizes are agreed, each country would face a demand curve equal to s,
times DY where s, is country's i share of the total cartel output,
and Dt is the world demand for cocoa. In our context, we do not need
to draw a demand curve in Figure 5, but the above described one is
implied, going thrcugh points I and B (see also Stigler, 1966,
pp. 231-234).,
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Our welfare analysis of a possible cocoa.agreement, on the other
hand, will be restricted to a partial equilibrium framework and the
use of consumers' and producers' surplus fer measuring the welfare .
changes taking place.38 In the context of a Marshallian partial
equilibrium analysis the following two points will be necessary for the
identificarion of welfare change: (a) the area under the demand curve
is a measure of the total utility derived from the commodity being
consumed, (b) the area under the supply curve is a measure of the
opportuqity costs of the resources used in production. Thus, consumers'
surplus will be represented by the area under the demand curve above
the equilibrium price, while producers’ surplus will be given by the
area above the supply curve below the same price line. Berry (1972,7
PP. 80-85) argues that the above conditions are satisfied if the follow-
ing prevails:. perfect competition (for the existence of the supply
curve), no externalities, constant returns to scale, the demand and
supply curves are "total" ones,39 and the ﬁa:ginal utility of income

is the same for everyone.

8Currie et al. (1971) present a comprehensive review of the concept
of economic surplus as well as its application in economic analysis;
specific application to international trade questions is alse presented
(pp. 775-783). The authors justify the widespread use of partial welfare
analysis by saying that "this ig virtually inevitable for the economist's
limited knowledge of the complex interrelationships characterizing any
economic system precludes any possibility of allowing for all the
ramifications generally associated with a change in one particular
industry" (Currie et al, 1971, pp. 787-788).

9The concept of a '"total™ curve instead of a partial curve is one
where indirect effect (substitution and complementarity) are accounted
for (i.e. all other markets are in equilibrium). The concept on demand
was presented by Buse (1958); Hushak (1971) used the concepts to
formulate a three-sector model to analyze the voluntary corn diversion
program. It is possible that for some of the countries involved the
assumption of a 'total" curve, mainly on the supply side, is not a -
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Within chis framework, we now consider the case of an inter-
national cocos agreement (as in Figure 5, a representative country).
It is clear that such an agreement will involve a departure from the
competitive situation, with a lower quantity being produced and sdld at
a higher price. 1In such a context, there will be a net loss in
consumers' and producers’ surplus resﬁlting from the production
-restr}ction and consequent price increase brought about by the agree-
ment. In addition, we have to account, for the individual country in
question, for the gain represented by the monopoly rent accruing as
the result of ceccoa exports at a higher pricee40

In terms of osur graphical presentation (Figure 5) and the two
market arrangements being considered, that is, free trade and an
Ainternational ctocoa agreement, the following results in terms of the

economic surplus (ES) involved hold:
(a). Free trade:
(ES), = (ABS) + (DCA)
where areas ABS and DCA refer respectively to producers' and consumers'
surplus.

(b). International Cocoa Agreement:

(ES)2 = (EFS) + (DGH) + (HIFE)

realistic one, because of the industry's importance, the magnitude of
the resources released, and the size of the price reduction involved
(for producers).

40A type of welfare analysis that is very similar to the type of

problem we are investigating here is the one by Johnson (1965) about
the social cost of the tobacco program in the United States, which also
included monopoly rents from the export sector.



where EFS and DGH are producers' and consumers' surplus with this
agreement and HIFE is the gross moncpely rent accruing to the
countfy.41 With the objective of obtaining a measure of welfare
change, ﬁhe economic surplus under free rrade must be subtracted
from the surplus under a tocea agreement; a net measure is thus
obtained, and represented by the ner monopcly rent (GIKC) less the
net loss in producer's surplus (KBF). This is so because we must
consider that the areas HGCA and AKFE are not real gains to the
country but only a transfer from cocoa consumers and producers
respectively to the country as a whole (i.e., those who are the
beneficiaries frdm the final distribution of the gains), These two
areés can then be used (at a later point of our analysis) té actually
compute the gains tc accrue to the five countries listed above from
a possible introduction of an international cocoa agreement.

Several characteristics of a commodity appropriate fer this type
of market arrangement are listed by Pincus (1965, Chapter 6, and
Helleiner 1972, Chapter 3); most of them were already referred to
previously, but it will be useful to put them together ar this point,
Cocoa is an important commodity in the export trade of the producing
tountries, a few leading producers have a large market share, and the

product is mainly consumed in the developed countries of the world42

4lThe monopoly rent accruing to the country (in a system of fixed
exchange-rate) can be thought in terms of buying imports valued at
Q4Q3IG while exporting resources in exchange, valued at Q4Q3FL (we

disregarded the domestic consumption sector in these areas).

42‘1‘his factor becomes important to prevent transfers of income
from less developed to other less developed countries.

60
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but is not produced by them. The requitement of ‘homogeneity of the
commodity is met by cocoa, which is considered as one of the more
homoéenequs of agricultural commodities (Internaricnal Federation of
Agricultural Producers, 1972). The demand elasticity considerations
relevant rur the feasibility of an agresment wete presented previously
and ccnsidered to be very enccuraging in rerms of potential gains to
producing countries. Related to demand consideracions, no direct
sqbstitute for cozoa in the chocolate industry ‘is known at the present
(International Federation of Agriculrural Producers, -1972), although
attention must be_given to the possible substiturion of other fats for
cocoa butter (Pincus, 1965, Behrman, 1968).43 In addition, the gains
to be had from such an agreement will be evaluared by compa?ison with
the prespects of a free market situation in 1980, attention being also
given to rhe Qifficulties in the operaticn of the scheme (as listed in
the next paragraph).

In the prccess of evaluating the potential relarive gains to be
obtained by an internaticnal cocoa agreement, producing member countries
should consider certain principles that might be followed by thé scheme
after the initial decision on eXport quotas and price level ig Teached
(Pincus, 1965, Chapter 6). The use of an indicator pPrice range, along
the lines of the coffee agreement, together with quota adjustments, is
a useful procedure. Attention must also be given to a grearer

flexibility in changing quotas in response o changed demand and supply

3A more accurate statement would be that no substitutes exist for
one of the key roles perfcrmed by cocca butter, thac is, of melting just
below body temperature (Amoa, 1965, pP. 124). The other twe roles per—
formed by butter, reduction of viscosity and control of rancidity, may
be adequately performed by other oils. More about this in Chapter 4.
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conditions, participation of consuming nations, separation of
individual.prodﬁcer's price from export price, diversification
measures and maintenance of stocks.

In recent years the discussions about an international cocoa
agreement have increased considerably (International Federation of
Agricultural Producers, 1972), including formal talks between the
major consuming and producing nations in 1971 and early 1972, in
addition to the meetings taking place at UNCTAD III (United Nations
Conference on Trade and Development at Santiago, Chile). These efforts
culminated in October 1972 with the adoption, at the United Nationms
Cocoa Conference, of'an.International Cocoa Agreement (Food and
Agriculture Organization of the United Nations, 1973b, p. 3). The
Agreement incorporated some of the features discussed, including export
quotas, a quota adjustment mechanism based on a price range of 23-32
US cents per pound, and a butter stock. The United States has not
signed as a member so far, the reason apparéntly being related to the
price range adopted.

In such a context, the present analysis may contribute in terms
of increasing the information évailable concerning the world trade in
cocoa in 1980 under the free trade alternative and the one of exploiting

the collective monopoly power of producing natioms.



63
CHAPTER 4
DATA REQUIREMENTS AND ESTIMATION PROCEDURES

According to the objectives of the anaiysis as described in
Chapter 1, we want to determine for 1980 (under three types of policies
in the world cocoa economy), equilibrium values for prices at production
and consumption peints, total imports and exXports as well as trade
flows for cocoa beans for all countries and regions included. With
such information, estimates of foreign exchange earnings obtained by
Producing countries, with different policies prevailing, can be obtained
and compared. In addition, an alternative measure of gains to producing
nations (based on the concept of -economic surplus) can be computed
for meaningful comparisons after the introduction of an International .
.Cocoa Agreement.

Chapter 2 also presented reactive programming as the solution
procedure to be used for the spatial equilibrium problem in the cocoa
economy. In that context, we briefly discussed the data requirements
of the model, mainly with respect to demand functions for cocoa beans
in 1980, supply functions (or point projections), and transportation
costs from production to consumption points. The present chapter will
present a more detailed discussion of the above requirements as well
as the est%pation procedure to be used. First, production and consump-
tion points will be selected for the reactive programming procedure; a
review of previous studies concerning estimation of supply and demand
functions for cocoa beans will follow, and finally the model to be used

in estimating the required relationships will be discussed.
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Consumption and Production Peints
Table 1 presented the breakdown of world cocoa production by
countries (the most important ones), groups of countries and regions
(based on a geographical division). From that table, it is apparent
the concentration of world Production is in a few African and Latin
American nations. The five countries that formed the Cocoa Producers'
Alliance in 1964, Ghana, Nigeria, Brazil, Ivory Coast and Cameroon,
were responsible for more than 75 percent of total world production in
.1970/71'. The basic consideration determining which countries to
include individually in the spatial equilibrium model was related to
the importance.of each one with respact to production and trade, as
well as available data.
Information about consumption of cocoa beans and cocoa products
(in terms of beans) was presented in Table 2. It is clear that the
major consuming countries are the United States and nations of Western
Europe (mainly West Germany and United King&om). Based on the same
criteria of importance in cocoa trade, additional countries and regions
were selected as net importers; all production and consumption points
are listed in Table 5 with their representative centers (for purposes
of calculating transfer costs). It is then seen that the world was
divided into 32 regions; each country or region included is considered
a8s an individual producing and/or consuming point, since we have net
exporters and net importers of cocoa beans. In the first case, each
country (region) produces cocoa beans for its own consumption and will
export the surplus; in the latter case, those countries or regions that
produce an insufficient amount to satisfy their coﬁsumption or,

alternatively, have no cocoa beans production, must import the
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Country (region)

Representative center

LI -
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[ V=)

11.
12,
13.
14,
15.
16.
17.
18.
19.
20.
21.
22,
23,
24,

25.°

26,
27.
28,
29.
30.
31.
32.

Ghana

Nigeria

Ivory Coast
Cameroon

Other Africa Production
Other Africa No Production
Brazil

Ecuador

Venezuela

Mexico

Dominican Republic
United -States
Canada

Other America
Japan

Other Asia
Australia

Other Oceania
Belgium

West Germany
France

Denmark -

Italy

Netherlands

United Kingdom
Ireland

NSFI

Spain and Portugal
Austria and Switzerland
Eastern Europe 1
Eastern Europe 2
Soviet Union

Accra

Lagos

Abidjan

Douala

Bata

Algiers

Salvador

Guayaquil

La Guaira

Progreso, Acapulco
Sante Domingo

New York, San Francisco
Montreal, Vancouver

Valparaiso, Buenos Aires, Kin

Tokyo
Singapore
Sydney
Torres Strait
Antwerp
Hamburg
LeHavre
Copenhagen
Naples
Rotterdam
London
Dublin

Oslo

Lisbon, Barcelona
Genoa

Rijeka
Gdynia

Riga

gston

27,

%The complete list of countries included

30, and 31 is presented in Appendix B.

in Regions 5, 6, 14,

i6,
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difference, or the entire consumption. The assumption that the country
or region is represented by a point will, in our analysis, mean that
prodﬁction and consumption take place at that particular location, no
allowance being made.to possible costs occurring in the space and form
dimension of the marketing process, in addition to the transfer costs
between two respective points. For some of the regions, two or three
points Trepresenting the ports of entry are considered; however, in the
actqal calculation of transfer costs between two regions, only the point .
having the lower cost figure was taken into account, being the one used

in the reactive programming solutionrprocedure.
Review of Previous Research

Supply Analysis

A common problem faced by many researchers in the area of supply
response for cocoa is the lack of adequate data in most of the major
producing countries. This fact, as recogniéed_by Bateman (1969), has
affected the number of attempts to estimate supply relations for cocoa
and other perennial c¢rops. The same author presented a discussion of
four models applicable to the ﬁlaqting decision for perennial Crops;
these models are concerned with the factors influencing the farmer's
decizion about planting, and in such context the variable to be -
explained i{s either acreage planted or stock of trees. In a very brief
gummary, the models can be presented as:

Model I - Gross Investment as a Function of Prices,

= P g : 4
Xt a, + alPt + a25t + My (14)
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where P = 2 and §t = 1

t n+1

Xt being the numBer of acres planted in year t, P*t+i being the expected
real producer price in year t+i, S*t+i being the expected real producer
price in year t+i of an alternative crop, and n representing the lastr
productive year for the tree. In addition, Neriove's price expectation

model is assumed:

P -P =8 (P -5

N e’ (15a)

Se =Sy =8 (S, -8 ) (15b)

' The equation to be estimated is obtained by combining relations (14)

and (15) above, such thar:

t

+ u , (16).

Xt = aoB + alBPt + a268t + fl - 8) Xt—l

where

U =u - (1 - R) uo_

Model 2 - Stock of Trees as a Function of Expected Prices.

= + P g + 17
Tt bO blPt + bzst Zt a7)

where Tt is the total stock of trees in year t, and the other variables

are as previously defined. By assuming the same price expectation model

gilven by (15) above, the equation to be estimated is obtained as

= ' - + ' 18
Xp = DB+ byBP, +by8S BT1 * % (18)
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where

1

Zt = Zt - (1 - R) Zt_1

Model 3 - Desired Stock of Trees as a Function of Expected
Prices,

T * +c P +¢.38 '

t %% T 5. * ey (19)
*

Tt being the desired srock of trees in year t, Further, Nerlove's
. partial adjustment model is introduced by assuming that the adjustment

of actual to desired stock is not an instantaneous one:

. %
Te " Te =Y (T, -T,_ ) 0<y<1 (20)

By combining gelations 15, 19, and 20, the estimating equation is

obtained as:

1]

+ e (21)

t

X = coBY + CIBYPt + czsyst + (1 -8 - Y? xt-l - BYTt_2

where

e; =y [e, - -8) e ]
Model 4 - The Liquidity-Model.

It is recognized in this model that, given the existence of
imperfect capital markets, a liquidity variable could affect planting
decisions; thus all three models previously discussed could be altered
to take this into account, and Bateman chose farmers' income in the
preceding year as a proxy for liquidity.

If adequate data were available for the variables acreage and

stock of trees; one of the models discussed above could be used,
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depending, sf course, on the circumstances of the particular product.
Short-run and long-run aéreage elasticities would then be ocbtained,
1nformat10n which would be of great importance in our analy51s.44
However, data for these variables are not generally available, except
for quancity produced of cocoa beans. To proceed with his analysis of
supply response of perennial crops in less developed areas, Bateman

postulated a planting-output relationship of the following form:

Q = iik (blxt_i) (22)

where, Q: is the ﬁotential yield of the crop in year t, bi is the
potential yield per acre in year t of the acres planted in year t-i,
and k is the age at which trees first begin production. To go from
potential output to actual output, other factors should be introduced
in Equation 22, such as climatic and economiec variables.

For the specific case of Ghana's cocoa, and based on previous
information about the crop, Bateman (1965) was able to speélfy the
following planting-output relation:

s-1 =

(z X .) + b2 (: Xt—i) + cR + dH + eP (23)

Q i=k i=s t=1 t=-1 t

t 1
where Qt is the amount of cocoa harvested in year t, R and H are,
respectively, rainfall and humidity variables, and Pt is the real

cocoa price in t. By transforming Equation 23 into a first-order

4Acreage elasticities would constitute a lower bound for the
supply elasticities.
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difference equation, and then combining with Equation 16 (Model 1)
above, the estimaring equacion is arrived at. However, when estimating,
the -author obtained a value of zero for tﬁe lagged dependent variable,
which implies that B = 1 in Werlove's adaptive expectaticn hypothesis,
and resulting in the relation Ft = Pt' In addition, the coefficient
for the current price variable was inéignificant; as a result of these
preliminary results, the model which was finally estimated by ordinary

; . 45
least squares was:

8 = by, byaP  + (bymb) AP+ b12,5 x
+(byb) ays, 4 COR,_; +dBH_ + 4
where ﬁ = 9 + u

This model was applied to seven different geographical regions
in Ghana, and the results obtained ﬁere-good in general, with respect
to the significance of coefficients and coefficients of determination.
When attempting to obtain aggregate supply functions however, the
results were satisfactory only for two combinations of regions (which
included 3 and 2 separate regions in each of the cases).46

Behrman (1968) used a formulation similar to Model 3 above, which

was combined with a planting-output relationship along the same approach

5Although not clear from the author's discussibn, presumably the
values for k and s were selected by maximizing the value of the ,
coefficient of determination in the ordinary least squares procedure.

4ﬁAggregate elasticities were not reported.
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as given by Equation 23, but excluding the climatic variables for lack
of data. Behrman performed the supply analysis for eight of the leading
Producing countries, but the results obtained were not -as good as those of
Bateman for single regions in Ghana, Many of the coefficients from the
ordinary least squares regression were not gignificant and the values of
the coefficient of determination were not as large as Bateman's. The
values obtained for the supply elasticities are presented in Table 6,
~ Since it might be expected47 that rainfall and humidity play an
important role in explaining cocoa production, and Behrman's supply
analysis was made for entire countries (as opposed to regions of Ghana
in Bateman's study), thése factors might account for the lesser success

of Behrman's attempt.

Table 6. Price elasticity of cocoa supply in eight countries®

Country Short-run : Long-run

Chana ' - ' 0.71
Nigeria 0.04 0.45
Brazil 0.53 0.95
Ivory Coast T - 0.30
Cameroon 0.68 1.81
Ecuador - 0.28
Dominican Republic 0.03 0.15
Venezuela 0.12 - 0,38

2Source: Behrman (1968); Nigeria's short-run, from Olayide (1972).

47Coefficients for rainfall and humidity were significant at
5 percent level in 6 and 4 of the 7 regions of Ghana (Bateman, 1965),
respectively, )
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Demand Analysis

The fact char cocoa consumption is concentrated in countries with
high per capita income in Europe and North America has directed the
few studies of demand for cocoa in such a way as to obtain estimates
of price and income elasticities only for those most important consuming
nations. Behrman (1965) attempted torobtain estimates of income, price,
and cross-price elasticity with Téspect to sugar, for France, West
Germany, Netherlands, United Kingdom, and United States in the period
1950-1961. A system of equations was specified and the method of
instrumental variables was applied for estimation with the purpose of
allowing for simultaneity. However, in a later study (Behrman, 1968),
the author modified the estimation procedure by applying ordinary least
‘squares in the demand analysis. The objective of the author's study
wa;, to some extent, similar to one of the objectives of our énalysis,
that is, the evaluation of possible gains to producing countries from
a monopolistic cocoa pricing, but without the spatial equiliBrium
approach taken here.48

The period covered by Behrman's second study was 1948-1964,

including the following countries: West Germany, United States, United

Kingdom, France, Canada, Netherlands, Spain and Italy.49 The demand
function which was used is the following:
= + +
Qt a, + alPt 1/2 + aZPt 1/2 + aBPt 12t 2, Y u, (25)

48A brief discussion of Behrman's results was presented in
Chapter 3.

9Least squares estimates for the rest of world (as an aggregate)
were also obtained, but with considerably less success.
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where Qt is the annual per capita grindings of cocoa beans, PC, Ps,
and P’ are, respectively, the wholesale price of cocoa beans, sugar,
and ﬁegetable 0il (soybean o0il was the one specifically used). As
can be noted from the above function, all prices were lagged one-half
year, the reason given by the-author being that "response in chocolate
formulas to changes in cocoa bean prices reputedly require a lag of
that length" (Behrman, 1968, p. 716). The results obtained, when
consideping the coefficient of determination, were quite good (exception
beinngetherlands), although for most of the countries included, the
coefficients of the variables P° and P° were not significantly different
from zero.

The results of Behrman's analysis (shown in Table 7) indicate
-that demand for cocoa beans is quite inelastic in the shc:n:t—run-50
(long-run elasticities were not obtained). 1In additionm, income
elasticities ére below unity for all countries, and soybeaﬁ eil is a
substitute for cocoa beans (the coefficients in the regression appear
to be significantly differént from zero for most countries).

In addition, Viten (1970) reported values for the price elasticity,

of ~0.23 for Western Europe and -0.15 for the United States.

0The range for the elasticities' values in a FAO study in 1961
was from -0.27 to -0.50. Weymar (1968), reports the . .countries and
figures from this FAO study as:

United States -0.35 United Kingdom -0.27
Belgium . : -0.26 Austria ' -0.35
France -0.35 Denmark : -0.49

Netherlands -0.41 West Germany ~-0.49
- Sweden -0.35
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Table 7. Elasticities of demand for bean-equivalents, several

countries?

! Elasticity of demand with respect to

| Price of | Price of | Price of
Country | cocca Income | sugar { scybean oil
United States -0.25 - 0.08 0.19
West Germany -0.18 0.93 - 0,32
United Kingdom -0.16 0.71 - _ 0.40
France; -0.38 0.68 0.15 0.05
Canada -0.19 0.72 -0.12 0.43
Netherlands ~-0.89 0.62 - 0.77
Spain -0.24 - 0,85 - -
Italy ‘ ' -0.21 0.93 - 0.05

qSource: Behrman (1968, p. 706, Table 2).

Estimating Supply and Demand for 1980

The availability of estimates of supply and demand functions for -
1980, as well as transportation costs of the commodity, cénstitute the
basic¢ data fequirements for our analysis of the cocoa economy at that
future year. 1If the results to be obtained from the present study are
to provide useful information for the decision-making process of the
countries involved, it is important that supply and demand functions be
obtained with accuracy. In estimating supply and demand functions, the
first necessary step to be taken is the construction of an economic
model process where economic theory plays a very important role; by
combining the economic model with the other necessary requirements,
that is, adequate data and statistical techniques, estimates of the

relevant parameters in the relationships can be obtained.
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The difficuivies involved in estimating supply and demand functions,
however, are not the same. In our case, the objective is to obtain
estimates of these functions for a future period, namely 1980, from
an estiming technique that will involve the use of éime series data
covering, say, the period 1950-1970. It is seen then that, in addition
to the usual problems normally faced in the estimation process, we
have to deal with question of prediction, that is, outside the period
of observation; in other words, we must be able to predict how the
functions will change over time. This point is clearly emphasized by
Schultz (1956) who pointed out that the demand for a commodity is
relatively more stable tﬂan supply. The reason for this is to be found
in the fact that tastes, one factor affecting the demand for the
commedity, remain fairly constant over a certain period of time, while
technology, one factor underlying the supply of the commodity, does
not. It becomes then very important to predict cﬁanges in technology
if accurate estimates of supply are to be obtained. According to
Schultz, this is the reason why the knowledge about demand functions
is much greater than that of supply.

The situation, as describeé above in general terms, is relevant
for the particular case of cocoa where technology (varieties, chemical
products for control of diseases, spraying techniques, farmer's skills)
appears to play an important role in explaining prodﬁction changes in
most countrles (Food and Agriculture Organization of the United Nations,
1966). In addition, climatic factors (humidity and rainfall) as
indicated by the study of Ghana's cocoa by Bateman (reviewed earlier

in the chapter) appear to be an important determinant of output., This
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was cited as a possible reason for the relative lack of success in
Behrman's study of supply response in eight countries, where climatic
factors were not considered because of lack of data. The age distribution
of the stock of trees, for which no data are.available, should be
another important element in supply analysis (Food and Agriculture
Organization of the United Nations, 1966). French and Matthews
(1971) developed a detailed model of supply response for perennial
crops, where account is taken not only of the planting process and
existence of lags in response, but also the removal and replacement of
plants and the effects of populations of bearing plants on production.
However, even with the simplifications introduced and deletion of some
variables because of data problems in their estimation of supply
response for asparagus in the United States, the model is not feasible
for cocoa because of lack of data for one of the variables to be
explained, namely, acreage harvested, in most countries. In wﬁat
follows, an atfempt will be made to start the alternatives available

with respect to estimating supply and demand relationships for 1980,

Supply Estimation

The difficulties in estimati&g supply functions for cdcoa and
making predictions for 1980 are to a large extent concentrated -
on the lack of adequate data for some of the relevant variables
described when discussing some of the models above, and problems
assoclated with pre&icting changes in technology. These factors
constitute a limiting element for the investigation of supply functioms

of cocoa in 1980 for the leading producing countries included in the.
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analysis. However, in line with the requirements of the programming
procedure, the following alternative can be presented:
(A) Point Projection of Cutput :

Projections of cocoa output (including the most important
countries, individually) for 1980 were recently made by the Food and
Agricultu;g Otganization of the United Nations (1971). These pro-
Jections were based on assumptions about real producer pPrices and
produétion assistance policies of individual countries. As a result,
two sets of prajected output were obtained: a "basic" production
Projection which.takes 1970"s conditions (prices and assistance
policies) as fixed, and a "supplementary” projection, which allows for
some improvements in such variables. With the "basic" projection as
reference, we would then have for 1980 a quantity and a price which
would define a point on the supply curves of individual countries.

With the information proviéed by Berhman's (1968) study with respect

to supply elasticities forrthe five countries which were members of the.
Cocoa Producers’' Alliance of 1964, we would be able to derive estimates
of the intercept term in the supply relations, and consequently, obtain
estimates of the supply functions for these five countries.51 For the
other countries included in the analysis, the point projections of
cocoa output, referred tc above, would be used (that is, a perfectly

inelastic supply function).

lOur approach will involve an attempt of estimating supply
functions only for the five countries once members of the Cocoa
Producers' Alliance, They are the most important producing countries
(78 percent ot world production as the average for the period 1965-66
through 1969-70),
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(B) Estimating Supply Functions:
The lack of data for some of the variables normally
included in zupply studies is one difficulty with this alternative,
probably accounting for the relative lack of success in the comprehensive

Study by Behrman (1968), Departing somewhat from the three models for

acreage) and the existence of lags in adjustment. Let us thus start
by specifying the following relationship between cocca output and cocoa

Prices (a simple distributed lag model):

k .
Q =a+ 1§ g p , (26)

where Qt is cocoa ocutput in t, P is cocoa price, k is the number of
periods covered by the lag function, and 8 is the lag weight.52 With
the objective of ob;aining 2 more flexible specification of the lag
pattern (in relation to a Nerlove's partial adjustment modél, Qhere the
lag weights decline geometrically), the Almon Type of procedure where
the coefficients of the distributed lag are restricred to a polynomial

53
of low order will be used (Johnson: et al. 1972).

52'I'he simple lag model given by Equation 13 might, in principle,
be estimated directly by applying ordinary least squares (if k+2 is
less than the number of observations), However, a complete specifi-
cation would include orher variables (including lagged ones), which
might 1limit estimarion given the available time series; mulei-
- collinearity also might be a problem. & restricted specification
(such as Almon's procedure) would then become the alternative,

53T. Johnson, A Note on Distributed Lags in Polynomial Form,
unpublished economics workshop paper, Department of Economics, N, C.
State University, Raleigh, N. C., 1969,
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In such a context, we now consider the case where the lag weights
(Bi)_are represented by a quadratic polynomial with only three param-

eters, such that Relation 26 above might be rewritten as:

= b g i o4 52
Qt = }Z (ao +ol+ a,i ) Po_i 27)

where
2

B, = & + ali + azi {28)

‘H‘

A restricticn that might be imposed on the lag formulation is that

Bi =0 whén i=k (Chenrgg_él. 1972), that is,

G, + alk + 023 = 0 (29)

Solving Equaticn 29 far & and substituting the result into Equation 28,

we obtain the fclicwing finzl relation:

Bi = al-(i - k) + Gy (i2 - kz) : (30)

"With this expression for Bi’ Equation 26 can be rewritten as:

k : | ko2 )
Q matoey = E-KWP  He I @ -K)r (31)
i=0 - i=0

Equation 31 is appropriate.for estimation purposes. In our case of .
cocoa supply response, however, the general distributed lag model
should include othef vat;ables besides the product price as above; as a
modification of Equation 26 we would have the following relation for

the cocoa case:

i Pey + dt + u (32)

[N
[}

<

p.u
k=
(o]
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where, in addition to the variables already defined, PC, fepresents
price of coffee, t is time in vyears (as a possible "proxy' for
technology in cocos preduction), and u is a random disturbance. After
Tépresenting the lag weights Si and Bi by polynomials of second order
and proceeding in the same mannef as above, an expression of the form

to be estimated would be obtained:

k k 2 2
Q. =a +a, I (i-k) P 4 Ta, I (1" -k P__. (33)
t | 0 1 i=0 t-1i 2 i=0 t—1
k c k 2 2 c
+ 4§ L (i-kY P. . + 5. % i" -k p + dt + u
1 t-1 2 .- t-i t
i=0 i=0
For purposes of notation simplicity, we méy rewrite Equation 33 ag:
Qt==a0+&1W1+a2W2+61V1+62V2+d1:+ut (34)
where:
k
Wl = “Z (i—k) Pt-
i=0
K .
W, = 1 (12 - p
2 . -
i=0.
k c
V.= T (k-k) P
i 1=0 t-i
k
v, = ¢ (1% -1? Pe_,
i=0

At this point we note that the problem raised in Footnote 52

is a real one in the case of cocoa supply; from Equation 32 we can see
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tharv if ordinary least squares is to be used, the number of parameters
to bg estimated wculd be 2(k+1)+2. If we think of a value for k in the
range of 8 tc 12, the number of observations available in a post world
war time series (20 - 25) would preclude such a direet estimarion. 1In
such a contrext, the polynomial-lag formulaticn described above might
‘become a meaningful alternative, With respect to the number of param-
eters to be estimated, we observe that by imposing the restrictions that
the iag-weights lie on a polynomial of degree two (Relation 28), and
that Bi = 0 when i = k, that number is reduced from 2(k+1)+2 in

Equation 32 to only six in Equation 33 (or 34).54

Demand Estimstion

Since knowledge of demand functions is one of the basic require-"
ments of the reactive Programming procedure for obtaining equilibrium
solutions tc our spariai prcblem, eétimates must be obtained for, at
least, the most imporrant consuming nations. In such respect, the same
alcernatives described in the supply anélysis {point projection and

statistical estimation) are available for estimating demand functions.

54Among the prpblems mentioned by Schmidt and Waud (1973) in their
review directed to the application of the Almon lag technique, an
important one is the specification error committed when such technique
is used, although the weights do not follow the pattern imposed, The
existence of a lag in cocoa supply is clear in terms of the delayed
response of cocca productien (cocoa, a tree crop) to a change in cocoa
price; in addition, the pattern for the welghts indicated by cur
restricrions (first increasing and then declining) appears to be a good
description of the czcea case. This is confirmed by the informacion
provided by Berhman {1968), when mencioning that the yield per tree is
practically zero until 5~8 years after planting, but that two sub-
stantial increases in yield occur in the period of 6-14 years after
planting, with the decline occurring slowly aver time.
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As the fipst alternative, we should point to the existence of
demand projections by individual countries in the same study of the
United Nations cired earlier (Food and Agriculture Organization of the
United Naticna, 197i). As a result; the same procedure (using the
available estimates of price elasticities of demand) described for
supply estimation could be used to obtain estimates of the demand
functions in 1980 (shcrt-run, since long-run elasticities are nor
availabie).

The secand'alternatiﬁe, as before, involves the actual estimation
of demand funcrions for cocoa beans in 1980 for scme countries. As a
general statement, che-same model (polynomial lag formulation) is also
relevant for demand estimacion, because of the common phenomenon of
existence of lags in response. The indication that a distributed lag
model is the appropriate one for the cocoa demand is provided by Weymar
(1968) and Behrman (1968) when considering_the possible change in
chocolate formulds as a result of price changes of cocoa beans or
substitutes. As an alternative to the polymomial lag formulation,
Neflove's partial adjustment model also takes this delayed response
question into account; the rafionale for the existence of lags refers to
the existence of adjustment costs that would justify the slow response
of economic agents to economic stimuli (Griliches, 1967, and Behrman,
1968, p. 716 for the cocoa case). We now consider ﬁhe following
specification of the long-run demand function for cocoa beans, a derived

demand:

* s v
= + -+ .
Qt a, + alPt + ath + a3Pt + a4Yt W, (35)
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- o o
where, Qt’ a long-run equilibrium quantity, represents the per capita
grindings of cocoa beans (actual grindings adjusted for net imports of

¢scoa products), P, PS, pY

» are, respectively, the real wholesale price
of cocoa beans, sugar, and a vegetable oil (possibly soybean o0il), Y is
real per capita income, and w is a random disturbance. Equaticn 35
would then represent the long-run derived demand function by manufac-

turers for the raw material cocoa beans. If we postulate a dynamic

adjustment equation (Nerlove, 1958), given by:

*
Q -Q_;=8(Q -0 ) 0=<8<1 (36)

*
as a result of substituting 35 for Qt in 36, the following final
expression is obtained:

: - i s v o,
Q. aOB + alcPt + azBPt + aBBPt + a

£ BYt (37)

4

+ (L~ B) Q_y + 8w

A word is in crder about the variables included in this demand
function; besides the price of the product, two other prices,rsugar
and a vegetable oil, are included. Sugar is a complement to cocoa
beans because of the high proportion in final product by weight,
althoﬁgh an opposite force may exist because of the substitutability
of sugar confectionary for final products of cocoa (Behrman, 1968).
The evidence presented by Behrman {1968) and Weymar (1968) suggesfs'
that sugar prices are not an important determinant of cocoa beans
consumption. One is then tempted to use such prior .information of

Equation 37, such that this variable would be dropped from the equation
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{dits coefficient would be restricted to assume the value of zero).55
Mixed forces also exist in the case of vegetable oils because they can
‘be substitutes for cocoa butter but complements to cocoa pow&er (Amoé,
1965, and Behrman, 1968). No substitutes exist presently for one of
the key reoles perrocrmed by cocca butter, that is, of melting just below
~ body temperature (Amoa, 1965, p. 124), The other two roles, reduction
of viscosity and control of rancidity, may adequately be performed by
other oils. Then, for those products where the melting propefty is neot
-of great importance, vegetable oils will be substitutes for butcrer;
usually for these same products, the chocolate flavor is very important
and this can be provided by the powder, which explain the complementarity
cited,

Since the demand for cocoa beans is a derived demand, the starting
point to consider is the production function of the firm and industry;
in such a situation, a relevant variable in the derived demand would be
the output level. However, in the case of the cocoa indust;y, this
information is possibly non-existent; the same difficulty appliés to
information about final products' prices. The income per capita.
variable is then introduced in the derived demand as a factor represent-—
ing the demand for the final products. As pointed out by Amoca (1965,

p. 32), however, the income elasticities in the two functions (derived

55One advantage to be obtained from this would be the increase in
degrees of freedom. We also know, that the existence of multicollinearity
(the price variables, in this case) would result in the inaccurate
estimation of the coefficients and difficulty in their interpretation
(Huang, 1970, p. 149). Multicollinearity may have been a factor in
Behrman's (1968) results, but the dropping of the sugar price may also
lead to specification bias for the coefficients of the remaining
variables 1if, actually, sugar price is a variable belonging to the
equation, '
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demand and final products’ demand) do not necessarily coincide (they will
only with one imput, or more than one imput but under fixed factor
proportiens).
Alternatively, the polynomial lag formulation (developed above in
supfly analysis) could also be applied for estimating demand for cocoa.
Without repeating the arguments and developments, the Almon tyﬁe of
procedure to handle the lagged adjustment may be introduced; the equation

to be estimated would then be:

. k k 5
Qt =a ty I (i-k) Pt +y, E d" - k%) Pt—i (38)
i=0 . i=0
k k '
v 2 2 v ‘
+Al °)S {(i=k) Pt_l+)\2 T (i -k)Pt_1+a4Yt+e
i=0 i=0
which might be rewritten as:
' . . L .
Qt=ao+YIZl+Y222+A1Ul+A2U2+a4Yt+at (39)
where:
k ' . .
Z. = & (i-k) P .
1 1=0 t=-i
k.
i=0
k
U, = I (i-k) P’
1 1=0 t-i
k
2 2 v
U2 = I {i" - k%) Pt—i
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€, 1s a random disturbance and k, is the number of periods covered by
the lag function (not known beforehand). Chen et al. (1972) estimated
their milk response equation for several vélues of k and Gardner (1972)
selected a k value of five in a study of the agricultural labor market,
This procedure seems to be more appealing because of -the large number of
regressions that would otherwise have to be fitted for all countries
involved in our analysis, 1In addition, a value in the neighborhood of
k=4 or k=5 would be reasonable in terms of number of observations lost
in the time series (because of lagged prices in the variables Z and U,

Equation 38),

_Discussion of Models for Estimation

The models described above for estimating supply and demand
funétions of cocoa were presented with the implicit assumption of
estimation by ordinary least—squares‘(OLS). However, this.may not be
the best technique to use because of the problem of simultaneous
equation blas. The fact ié that, inlboth supply and demand estimating
equations derived above, two endogenous variables are present, that is
quantity demanded (or supplied) and price of the product.56 The fact
that price is listed as one of the independent variables in the
regression would contradict the assumptions required for the application
of ordinary least-squares. These assumptions can now be presented;

first we write a general regression model as:

561t should be noted that we are considering the variables, price
of vegetable oils (or sugar, if present) in the demand equations and
price of coffee in the supply equations, as exogenous. A more complete
model, however, would allow for interdependencies among all of these
sectors.
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y = 80 + Bl Xl + 82 X2 T oiirand + Bk Xk + u (40
or, in.matrix notation,
Y=X+u (41)

The necessary assumptions are (Huang, 1970, pp. 66-69):

(a) The Xi variables are fixed or nonstochastic.

(b) Absence of perfect linear combinations among the
Xi_variables (linear independence), that is,
rank (X) = k+l.

(¢) E (u) = 0, that is, the model contains the
relevant variables.

(d) 1In addition to having identical distribution
with zero mean, the disturbances have variance o
and zero covariances, that is: E(u E}) = 021, where
I is an identity matrix, GZI being the variance
- covariance matrix of_g;

The important point in our context is that the explanatory variables
must be a set of fixed numbers, which would imply that E(X' u) = 0,
since E(u) = 0; if one or more of the explanatory variables are
stochastic, the optimal properties of the OLS estimators will still
prevail, if these variables are independent of the disturbances (Huang,
1970, pp. 176-179). If we think of the previous relationships (supply and
demand equations) as part of -a system, it will be clear that one of fhe
regressors, price of cocoa beans, will be stochastic and not independent
of the disturbance. In such a case, price of the product is jointly

determined with the quantities and would be influenced by random shifts
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in the demand or supply equations. The system of equations cited above
would consist of the demand equation for each country individually
included, a demand equation for the rest of thé world, the supply
equation for each country included, a supply equation for the rest of the
world, and finally, an identity for the equilibrium condition in the
market. Application of ordinary least-squares in the estimation of
supply and demand equations (when simultaneity prevails) would give
‘biased and inconsistent estimates of the coefficients (Huang, 1970,

p. 179).

However, in a barticular situation that is likely to include many
of the consuming nations, the above problem probably would not arise.
That is, in such a situation, ordinary least squares could be applied
without the above problems related to simultaneous equation bias. The
reason for thisrapparently contradictory statement is that these
countries would be so small a force in the international trade of cocoa
(as discussed in Chapter 3) that price would be taken as givén By them,
and the country in question would adjust its quantity demanded to that
price (Klein, 1960, and Prais, 1962). However, countries, such as the
United States, West Germany and United Kingdom, could not possibly be

taken to be of such small size as to have no influence on cocoa price.sy

If the conditions for identifiability of the demand equations of

57These same considerations apply on the supply side; small
countries (such as Ecuador, Dominican Republic, Ivory Coast and Cameraon)
could probably have their supply functions estimated by ordinary least
squares without serious problems related to simultaneous equation bias.
For Ghana and Nigeria (the two largest producers), however, this problem
1s more likely to arise. '
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individual countries in the system described above are met, we still
might be able to obtain &n estimate of these demand functions if the
supply schedules can be shown to shift more randomly than the demand
schedules (Huang, 1970, p. 214 and Bronfenbrenner, 1953, pp. 226-229).
S5ince climatic and disease factors were shown to be important determi-
nants of cocoa output, the above should be.a reasonable assumption; the
demand equations would, as a result, be identified. However, the
estimates obtained by ordinary least-squares for these.large countries
would still present some.bias, and the bias would be smaller the more

- elastic is the supply of imports facing‘the respective country

{Bronfenbrenner, 1953).
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CHAPTER 5
RESULTS FROM ESTIMATION OF SUPPLY AND DEMAND EQUATIONS

In the previcus chapter, 32 representétive centers were selected for
inclusicn in cur predictive model of the world cocoa econcmy in 1980,
However, estimation of suppl& and demand relationships will be made only
for the mcst important consuming and producing naticns. Fer the remain-
ing centers, point projections of supply and demand for cocoa in 1980,
as obtained by the Fcod and Agriculture Organizaticn of the United
Nations, will be used.,58

In this chapter, results obtained from the demand and supply analysis
are presented, Initiallﬁ, a few topics common to all models and coun-
. tries are discussed., After that, the specific results in the estimation

process are presented, as well as the procedure used to predict the

above relaticnships feor -1980.

Form of Equations and Included Variables

The nature of'the objecrives, as previCuslf defined, implies that
the estimated demand and supply equations should be in iinear form.
Specifically, in the case of investigating potential gains (to pro-
ducing countries) to be obtained ffom an International Cocoa Agreement,
profit maximization under condition of monopoly is invelved. 1In such a
context (as previcusly discussed), operation in the inelastic ﬁortion of
the demand curves would be inconsistent with the assumpticn of profit-

maximizaticn., As a result, the objective of obtaining the equilibrium

58They will be used directly on the supply side (a perfectly in-
elastic supply) and, in conjunction with escimates of demand elasticities,
to obtain estimates of demand functions.
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solutions under the agreement’'s alternative will require that the esti-
mated demand equéticns be in iinear form, that is, the price-elasticity
of demand will vary along the curves.59

In the ﬁrevious chapter alternative models for estimation were pre-
sented, at the same time that the relevant variables to be included were
specified. Here it will suffice to say that the values of the price
variables for all countries (cocoa beans, sugar, soybean oil, and coffee)
are th;se-prevailing at the same location (as indicated in detail later,
the New York spot price); a meaningful equilibrium scluticn will require
that all variables be measured in the same units, in our case, the U. S.
dollar. A price is paid for this simplification, heowever, since price
differences due to the separation of countries in the space dimension,
and individual government's policies affecting cocoa import prices, are
then disregarded when estimating supply and demand functions. - The alter—
native to the abcve procedure would be to estimate the functions with
the relevant variables defipned in terms of each country's currency and,
only then, make the conversion to a common currency by multiplying the
 price coeffiéient by the assumed exchange rate (Elliott, 1972).60 This

approach was not pursued here because of data difficulties with respect

nghe reactive programming procedure allows supply and demand
equations to be defined either in linear or logarithmic form, being,
to this extent, more flexible than quadratic programming, where only
the former is possibie.

60The advantage of this method would be to allow the researcher to
investigate the effects of different exchange rates in the final equil-
ibrium solutions.
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to_the ?rice_va?iables in most countries (availability of the information
énd pericd of time ccvered;ﬁl

The prcblem of cenversion from the_démestic currency to a common
currency {(dcilars) appeared, hcwever, when estimating the demand func-—
tions, because cf the variable income per capita included in the specifi-
cations (Chapter 4). With the objectiﬁe of maintaining the same pattern
of variation (year-to-year direction and propcrtion of change) for this
variable (as expressed in each country's currency) in the time series,
the conversicn was made using only the exchange rate prevailing in
1970, rather than using the fixed rates prevailing in a year-to-year
basis., In additicn, the relevant vafiables (prices, and incomes) were
deflated by indices with the same base year used for the currency con-

version, that is, 1970.%2

The Estimated Demand Equaticns
The demand equations to be estimated for cocoa beans were presented
and discussed in Chapter 4. To facilitate the presentarion of results,

however, they are repeated here as:

61Another reagson for the use of the same series (New York price) for
all price variables was the attempt made to allow for simultaneity in
the relationships of the cocoa market (by the use of the instrumental
variable technique). However, the statistical results cobtained in the
reduced form regression (price of cocoa beans as the dependent wvariable)
were not satisfactory in terms of the coefficient of determination
obtained and sign as well as significance of coefficients. Since rele-
vant climatic and Iinventory varlables were neglected in the specification
of the models discussed in Chapter 4, because of lack of data, this
exclusion might have been a factor explaining the poor resulits. As a
consequence, we did not pursue the method of simultaneous equations any
longer, and all the results to be presented refer to the ordinary least
squares technique. :

62This procedure was used by Bjarnason et al. (1969) to convert
price seriles in international trade to a common currency.
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Q, ,a°8 + a 8P+ a,BP + a 8P + a, By, + (1-8) Q.4 + Bw, (42)

which is a direct reproduction of Equation 37 (Chapter 4). In addition,

we also have:

= LI 4 H 1
Qe = 3, T Y2t Ryt AT AT T At e 43)
where:
k
Z, = £ (i-k) P
17,00 t-1
k
zy= ¢ @b
1=0
k 8"
U, = L (i-k) P._
17 o t-1i
k
U, = I 1?2 - &% P:”i
1=0

which corresponds to Equation 39 (Chapter 4), Both equations above were
estimated linearly by ordinary least squares. The variables are defined
for each country as:

Q. = Per capita grindings of cocoa beans (actual grindings ~
adjusted for net trade of cocoa products converted into

bean equivalents) at time t, in pounds.

P = Real spot price of cocoa beans {(Ghana) in New York, cents
per pound, time t. '

P2 = Real wholesale refined cane sugar price at New York,
cents per pound, time t.

P’ = Real price of refined soybean oil at New York, cents
per pound, time t.
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Yt = Real per capita income in dollars, time t.

k = Number of time pericds covered by the lag function
(i=0, 1, ... , k). '

W, € = Random disggrbances, with the properties assumed in
Chapter 4.

Price and income variables were defined above in real terms; the de-
flator used was the whclesale price index in the United States for all
price variables, and consumer price index (wholesale price index, in
'its absence) for inccme in all ccuntries. Equation 42 can be recognized
as representing the demand formulation including Nerlove's aynamic
adjustment equation64 (B being the coefficient of adjustment), while
Equation 43 is the formulation inecluding Almon's technique'to handle
the lagged adjustment. It can be noticed that these two procedures for
demand estimation (as given by Equations 42 and 43) differ because of
the absence of the variable sugar price in Equation 43 (and its presence
in 42). As indicated in Chapter 4, the available evidence suggests that
sugar price 1s not an important determinant of cocoa beans consumption.
Since each price variable would require two independent variables

(similar to Z Z, and Ul' Uz,"in Equation 43) when moving to Almon's

l!

formulation, the questicn of degrees of freedom becomes of great

63For testing the hypothesis, an additicnal assﬁmption is required,
that is, the disturbances having a normal distribution.

64In models of this type (a lagged dependent variable in the right
inside) the ordinary least squares estimates will be biased even if
the disturbances are independent; now, if the disturbance term follows
‘a normal distribution, the estimates will be asymptotically efficient
and consistent (Johnston, 1963, pp. 211-215).
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impcrtance; this wés the reascn for dropping the variable sugar price
from Eéuaticn 43, but keepiﬁg it, at least initially, in Neriove's formu—
lation.

Table 8 presents the estimated demand equations for cocoa beans
 following the formulaticn given by Equation 42. It can then be seen
that all ccefficients of the variable price of cocoa beans have the
expected negative sign, and all but two (United Kingdom and Australia)
are significantly different from zero, at the 20 percent level at
least. Also, seven of the coefficients of the income variable are
positive and signifizantly different from zero, at the same level of
aignificance{ Netherlands is the only country with a negaiive coefficiént
for income, although not significant. The performance of tﬁe two other
price variables (sugar and soybean oil) was less satisfactery however.
Changes in the price of sugar did not affect cocoa beans consumption in
an important way; only the coefficient for Japan was significant (sugar
being a substitute for cocoa beans.65 The ccefficient cf the variable
price of soybean oil was significant i; only two countries (as sub-
stitutes), United States and Italy. We recall that opposite forces work
with respect to this variable (similarly for sugar), and we did not make
any prediction (in Chapter 4) about its expected sign in the regressions
(five countries have negative, although not significant, coefficients
for price of soybean oil). The coefficient of the variable lagped per
capita grindings had the right sign in seven countries, witﬁ the coef-

ficients belng significant in five of them.

5One problem with the variable price of sugar ‘is that the range
of values cbserved in the time period 1951-1970 was very small, Prob-
ably due to the existence of international agreements. This might well
be a reason for the results cbtained.



Table 8,

adjustment (Nerlove) model

Least squares estimates of demand for cocoaj}

bean equivalents, 1951-1970, partial

Leaat:squafes éstimates (t values in pafentheSes)b
Country Constant P p° pY Y Qt—l R?
United States 1.3764 a ~0.0155 a -0.00004 0.0129 o 0.0002 b 0.5414 0.89
(2.1488) (-5.3458) (-0.0008) (1.3941) (1.8644) (4.9871)2

Belgium 3.1707 b ~-0.0176 a -0.0636 -0.0115 0.0013 a 0.2288 0.87
(1.9940) (-2.2945) (-0.5171) (-0.4617) (2.4705) (1.1137)

Denmark 2.7429 b -0.0357 a 0.0452 ~0.0182 0.0011 a -0,0112 0,91
(1.8958) (-4.6281) (0,3776) (-0.6738) (3.4083) (-0.1076)

Netherlands 7.4012 e -0.0919 a 0.0891 -0.0164 -0.0014 0.3348 b 0.68
(1.5750) (-4.0974) (0,2463) (-0.2068) (-1.1562) (2.0718)

Germany 1.2772 -0.0248'a 0.0468 0.0130 0.0006 o '0.5888 0.95

(0.9182) (-3.6345) (0.4270) (0.4832) (1.3902) (3.9888)% :

France 0.6548 -0.0104 o 0.0016 0.0277 0.0009 a 0.2641 0.78
(0.5229) (-1.6207) (0.0159) (1.2391) (2.6316) (1.3188)

United o 0.3786 -0.0138 0.0387 0.0485 0.0003 0.6765 b 0.58
Kingdom (0.0941) (-0.8173) (0.1767) (0.5536) (0.1524) (1.9448)

Italy -0.1527 -0.0031 b 0.0312 0.0093 c 0.0010 a -0.2426 0.95
(-0.5115) (-2.0462) (1.2524) (1.6023) (4.9385) (-1.1370)

Japand -0.6116 -0.0055 R 0.0995 b ~-0.0066 0.0002 0.6108 a 0.93
(-0.9441) (-1.7114) (1.8106) (-0.5257) (0.6483) (3.2348)

Australia 1.6924 -0.0134 0.0502 ~0.0148 0.0011 b ~0.0526 0.72
(1.0068) (-1.1694) (0.4175) (~0.7105) (1.7793) (-0.1433)
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Table 8 (continued)

#A11 variables are defined in the text. Data sources: per capita grindings and price of cocoa
beans (Food and Agriculture Organization of the United Natioms, 1958-1972); price of sugar and of
soybean o1l (Commodity Research Bureau, 1952-1971); income, population, price indices (United
Nations, 1950-1972). The results for the Durbin-Watson statistic are all in the inconclusive
range and thus are not reported; this is to be expected because of the number of observarions in
our sample and number of independent variables.

bFor significance of the coefficients the code is:
a statistically significant at the 5 percent level;
b statistically significant at the 10 percent leve;
¢ statistically significant at the 20 percent level.
“Time period 1952-1970.

dime period 1953-1970.

L6
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Tﬂe ppicg and income elasticities computed from the estimated demand
equations of Table 8 are presented in Table 9, the elasticities being
calculated at the mean value for the price-and income variable.66 The
results for the price elasticities of demand for cocoa beans indicate
that all but cne (Netherlands) are included in the range from -0.11 to
-0.44. All values, however, show that-the short-run demand for cocoa
beans i3 an inelastic cne; even in the long—run; only the price elasticity
for Netherlands changes from inelastic to an elastic one. Compared with
available information (presented in Chapter 4), our results are consis-
tent in terms of the order of magnitude involved.

The computed values for the income elasticity of demand indicate
that in all countries but one, cdcga is an income inelastic superior
éood; the only exception is Netherlands, although the income coefficient
given in Table 8 is not significantly different from zero. . Previous
results by Behrman (1968) and reported in Chapter A are consistent with
our findings, although his figures were somewhat graater than ours in
AEsolute terms; Behrman's (1965) results show cocoa as an inferior good
in some countries (including Netherlands).

An additional run was made with the same Nerlovian formulation,
but introducing the following modifications: (a) the variable price of
gugar was dropped from the model. It was felt that since the range of
values taken by this variable was very small (a reason for the large

standard error of the coefficient), any possible effect of sugar price

6Cross price elasticities of demand are not presented since most
of the coefficients were not significantly different from zero. The
exceptions are for price of sugar in Japan (n = 1.71), and price of
soybean oil in the United States (n = 0.46), and Italy (n = 0.18).



Table 9. Elasticities of demand for-bean-equivalents:
ment (Nerlove) model

99

Partial adjust-

Country

Elagticity of demand with respect to

P (short-run) P (long-run) Y
United States ~0.16 -0.34 0.18
Belgium -0.14 -0.19 0.43
Denmark ~0.44 - 0.51
Netherlands -0.83 —1.?4 -0.44
Germany ~0.19 -0.47 0.21
France -0.14 -0.19 0.47
United Kingdom -0.11 -0.33 0.09
Italy -0.13 - 0.99
Japan -G.33 -0.84 0.2Q
Australia -0.16 - 0.59

aCom.puted from values given in Table 8 and mean values of the

variables.
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would nct be captured in the regressions.67 (B) The variable lagged

per capita grindings was dropped in the regression for Denmark, Italy
and Australia. The reason for this was the negative sign of its coef-
ficient, as presented in Table 8, which implies that 8 (the coefficient
of adjustment) is greater than one, whiéh is inconsistent with the
formulation of the distributed lag model. By dropping this variable,
however, we are actually leaving Nerlove's lag formulation aside, ﬁhe
immediate implication being that short- and long-run coefficients
(elasticities) are the same.

Table 10 presents the results obtained from this alternative to
the basic Nerlove fermulation. The coefficients of determination are
only slightly changed, indicating that the excluded variables were
'contributing very little to the explanation of per capita grindings.
With respect to the individual coefficients, their t valugs are generally
increased, and the number of coefficients significantly different from
zero at the 20 percent level at least 1s also greater. The result for
the Uni:ed Kingdem, however, is an extreme case where no improvements
were cbtained from tﬁe unsatisfactory figures of Table 8. The elas-—
ticities computed from the results of this alternarive formulation are
‘reported in Table ll,rwh;re only very small changes can be noticed with
respect to the eléstiaities presented in Table 9,

As an attempt to Iimprove our estimation of demand equations, the

alternative formulation given by Relation 43 was fitted to the data.

67If price of sugar is a variable which really belongs to a model

of demand for cocoa beans, by dropping it we may introduce a bias when
estimating the coefficients (Theil, 1971, p. 549).



Table 10. Least squares estimates of demand for cocoa; bean-equivalents, 1951-1970, altered partial

Least squares

. )
estimates (t values in parentheses)

Country Constant R P’ Y Qt—l R2

United States 1.3761 ~0.0155 _ 0.0129 _ 0.0002 , 0.5414 0.89
(3.1035) (-5.5335) (1.4536) (1.9433) (5.1728)%

Belgium 2.5725 -0.0176 _ ~0.0112 0.0013 0.2276 0.87
(2.4179) (~2.3532) (-0.4626 (2.4771)2 (1.1357)

Denmark "3.2109 ~0.0355 -0.0197 0.0011 - 0.91
(4.5453) (-5.1219) (-0.8252) (4.5467)2

Netherlands 8.2711 a -0.0919 a -0.0174 =0.0013 0.3403 0.68
(2.7562) (~4.2287) (-0.2265) (-1.1670) (2.1954)°

Germany 1.7282 -0.024"7_a 0.0130 0.0007 0.5917 0.95
(1.9635) (-3.7261) (0.4968) (1.48910) (4.1271)2 :

France 0.6709 ~0.0104 0.0277 0.00094 0.2642 0.78
(0.9419) (-1.6777) (1.2826) (2.7670)2 (1.3672)°

United 0.7151 -0.0139 0.0474 0.0004 0.6858 0.58

Kingdom (0.2090) (-0.8596) (0.5627) (0.1794) (2.0675)

Ttaly 0.1616 -0.0030 0.0071 0.0009 - 0.94
(0.9279) (-1.9509) " (1.2619) (8.8116)

Japan® 0.4320 _ ~0.0054 _ ~0.0063 0.0001 0.7441 _ 0.91
(1.3481) (-1.5623) (-0.4632) (0.3434) (3.9471)

Australia 2.0710 _ -0.0122 ~0.0160 0.0011 N - 0.71
(2.5630) (~1.8337) (-0.8244) (3.1128)

T0T



Table 10 (continued)

3p® was excluded from all countries and Qt-l from regressions for Denmark, Italy and Australia.
The remaining variables as well as the code for determining the significance of the coefficients are
the same as in Table 8. The Durbin-Watson statistic was inconclusive for all countries but Australia.

For sipnificance of the coefficients the code is:
a statistically significant at the 5 percent level;
b statistically significant at the 10 percent level;
¢ statistically significant at the 20 percent level.

“Time period 1952-1970.

drime period 1953-1970.
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Table 11. ,Elasticities of demand for bean equivalents: Altered
partial adjustment model

Elasticity of demand with respect to

Country‘ ' . P (short-run) P (long-run) . I Y

United States -0.16 | ~0.34 : 0.18
Belgium -0.14 -0.19 0.41
Denmark -0.43 - 0.51
Netherlands ~0.83 -1:25 ~0.42
Germany -0,19 -0.47 0.21
France | -0.14 -0.19 . 0.47
United Kingdom -0.11 -0.34 0.10
Italy -0.12 - : 0.82
Japan -0.33 -1.25 0.11

Australia -0.15 - 0.58

8plasticities were obtained from figures in Table 10 and mean values.
of the variables.
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As menticned in Chapter 4, Nerlove's formulation has the characteristic
that the lag weights decline geometrically; the polynomial lag model, as
presented by Equation 43, is more flexisle in the sense that the highest
response to a price change may cccur at a period of time other than the
first, In other words, in our case of cocoa beans, the rate of con- |
sumption response from a price change could, possibiy, first increase
and then decrease (Chen et al. 1972). With respect to estimating
Equation 43, a decision must be made relating to the size of k, that
is, the number of time periods covered by the lag function;68 a value -
of k = 4 was selected, although we have no way of knowing, a priori, the
correct valué for it. Chen et al. (1972) tried several values for k in
their regressions for Califcrnia's milk production response (k values
of 5, 6, 7, 8, and 9), but this procedure  in our case would require a
large number of regressions since we are dealing with ten councries
separately.69

Table 12 presents the results obtained for the ten countries of
our analysis when using the polynomial lag formulation. Althﬁugh
additional computations will.have to be made to obtain the coefficients

of the two price variables (cocoa beans and scybean oil), it can be

68Following Chen et al. (1972), the lagged weights were defined, 7
for estimation purpcses, as:

4 k
2, = I (k-i)_Pt—i and Z2 = T

L a? -1 e _
1=0 1=0

1

and similarly for Ul and U2, which correspond to the variable price of
soybean oil. .

69To try several different values of k and then use a criterion
for the final selection 1s also the suggeztion made by Schmidt and
Waud (1973, p. 13).



Table 12. Least aquares estimates of demand .for.cocoa. baana, polynomial lag formulation, 1951-1970%
Least squares estimates (t values in_parentheses)b
2

Country Constant Zl 22 U1 U2 Y R

United States . 2,0481 a -0.0051 o 0.0004 -0.0166. 0.0043 o 0.0006 a 0.85
(3.0367) - (-1.6002) (0.6183) (-1.1173) (1.4223) (4.2095)

Belgium 4.3089 a -0.0086 0.0012. 0.0060 -0.0019 0.0013 a 0.89
(3&2898) (—103044) (008873) (0::1866) ("'0-2760) (2.4342) '

Denmark 4.6477 a -0.0212 a 0.0037 a 0.039%4 b -0.0094 b 0.0006 a 0.96
(5.9508) {(-4.3456) (3.6840) {1.7945) (-2.0622) (2.5047)

Netherlands 15.2365 a ~0.0439 a (.0059 e 0.0045 -0.0026 ‘ -0.0030 a 0,80
(4.9643) (~2,6519) {1.7167) (0.0566) (-0.1580) (~2.3590)

Gemany 1-6694 —0-0109 ¢ 0:0013 0-0335 -000052 0-0023 a 0-93
{0.8586) (-1.4679) (0.8218) (0.9033) (-0.6523) (3.7776)

France 0.4757 -0.0045 0.0003 -0.0224 0.0060 0.0015 a 0.83
(0.5208) (-0.8649) (0.2490) (-0.9088) (1.1819) (4.4890)

United e 1.5455 0.0171 -0.0037 o 0.1617 a -0.0297 a 0.0012 0.53

Kingdom (0.2703) (1.3379) (-1.3649) (2.5097) (-2.1487) (0.4304)

Italy 0.0038 -0.0038 a 0.0008 0.0029 ~0.0004 0.0009 a 0.95
(0.0138) (-2.5559) -(2.4631)a (0.4177) (-0.3077) {(6.3070)

Japand 1.0313 a 0.0047 b -0.0015 a 0.0239 b -0.0046 b 0.0006 a 0.96
(3.0036)" (1.9527) (-2.9410) (2.0840) (-1.8884) (3.6015)

Australia 2.8282 a =0.0027 0.0002 0.0060 -0.0017 0.0008 b 0.75
{2.5271) (~0.4023) (0.1494) (0.1991) {(-0.2692) (1.7957)

S0t



Table 12 (continued)

aAll variables are defined in the text; the same code for the significance of
(Table 8) applies here, as well as time perioda for United Kingdom (1952-1970) and
The values for the Durbin-Watson statistic are, as before, inconclusive.

bFor significance of the coefficients the code is:
a satatistically significant at the 5 percent level;
b statistically significant at the 10 percent level;
¢ statistically significant at the 20 percent level.
“Time period 1952-1970.

drime period 1953-1970.

the coefficients
Japan (1953-1970).

907
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noticed that the coefficient of determination is higher for all but
three countries (United States, United Kingdom, and Germany); in
addition, the improvement of the income variable with respect to the
significance of its coefficient is apparent. The additional compu-
tations required to obtain the price coefficients will now be shown
for the case of the United States (for price of cocoa beans).

Since the procedure 1s the same for all other countries (and price
of'soybean 0il), only the final results will be showp for them.
Following the procedure outlined by Chen et 'al. (1972), and our

previous specification (footnote 67), we may write:

=4P_+ 3P, +2P , +P (44)

zl t-2 t=-3

Z, = 16P_+ 15P _, + 12P , + 7P (45)

1

for the case of the variable price of cocoa beans; the éame pro-
cedure can be applied to Ul and UZ’ which correspond to the variable

price of soybean oil. In Chapter 4 we derived the following relation:

By = vy (k1) + v, &% - 1% (46)

with the first term in the right inside representing the linear, and
the seéond one representing the quadratic term in the lag formulation.
Since we know {from Table 12) that Yy = -0.0051 and Y, = 0.0004, we
can (with Relation 46) obtain the price coefficients, a process the
authors referred to above call "unscrambling,"” to obtain the following

results:
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Lag Linear Quadratic Total

t -0.02053 . 0.00662 -0,01391
t-1 -0.0153% 0.00620 -0.00919
t-2 -0.01026 0.00496 -0.00530
t-3 -0.00513 0.00289 -0.00224

-As a result of such "unscrambling," the estimated demand equation for

the United States can be written70 (t values in parentheses, same

significance'’s code as before).71 '
Q = 2.0481 - 0.0139P, - 0.0092P__, -  0.0053P _,
(3.0367)2 (-4.4218)2 (-4.5398)2 (-2.4456)2

_- v v
0.0022P _, + 0.0028P, -+ 0.0151P, .

(~1.3136) (0.2208) (2.8055)%

v v
+  0.0187P , + 0.0014P]_, +. 0.0006Y,

b

k2.3905)a (2.0174) (4.2095)2 (47)

As a result of using the same procedure for all other countries,
their respective demand equations can be obtained, and presenting only

the final figures, they are listed as follows:

70The coefficients of the variable price of soybeaan oil were
obtalned by applying a procedure similar to the cne described in tche
text for price of cocoa beans, and using the relation
2 2
Gi Al (k - 1) + 12 (k" - 17)
Al and 12 being the coefficients given in Table 12.
71Following Chen et al. (1972), the t values for testing hypoth-
esls with respect to the individual coefficlents are obtained by the
_ 8 ,
ratio t, = SR S— , where Var (Bi) can be obtained from

Bi ¥ Var (Bi)
Relation 46'1n the text.



Belgium:
v
Q, = 4.3089 0.01517] -  0.0077P__, - 0.0028p__,
(3.2898)%  (=3.1505)%  (~1.9959)° (-0.6694)
v v
0.0002P, _, 0.0057P] 0.0098P]_,
(-0.0522) (-0.2257) (~0.7683)
v v
0.01032 ) -  0.0070P] , + 0.00137,
(-0.5501) (~0.4447) 2.4342)8
Denmaric:
Q = 4.6477 - 0.0256P, - 0.0081P . + 0.0020P _
(5.9508)2  (-5.7156)2 (-3.6047)2 (0.7214)
v v
+ 0.0047P, .+ 0.00722] ~- 0.02199] .
(2.0171)° (0.4098) (-2.7004)2
. v _
- 0.0340P,_, -  0.0264P,_, + 0.0006Y,
(~2.7977)2 (-2.5430)2 (2.54047)2
Netherlands:
Q, = 15.2365 - 0.0816P, - 0.0435P_, - 0.0173P__
(6.9643)%  (-5.0498)% (~4.4914)2 (-1ﬂ5320)°
' v v
-~ 0.0028P__, -  0.0238P, 0.0257P,_,
(~0.3317) (-0.3712) (-0.8795)
v . v
- 0.0224p] , - 0.01389] _, 0.0029Y,
(-0.5090) (-0.3662) (-2.3590)%

2

2
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(50)



110
West Germany:

Q. = 1.6694 - 0.0233p_ - 0.01;7Pt_1 - 0.0066P,__, (51)
(0.8586) (-3.1724)2%  (-2.9854)2 (~1.3444)
v v
0.0020P, _, + 0.051427 + 0.023187
(~0.5231) (1.6754)° (1.1716)
v v
+ 0.0050P7_, - 0.0027P)_, + 0.0023Y,
"(0.2037) (-0.1347) (3.7776)2
France:
Q, = 0.4757 - 0.0136P_ - 0.0094p, . - 0.00577, _, (52)
(0.5208)  (-2.7734)*  (-3.3217)%  (-1.8129)"
v v
- 0.0026P__, + 0.0071p7 + 0.023427_
(~1.0623) (0.3597) (2.6037)2
' v v
+ 0.0277¢, , + 0.01997) . +. 0.0015Y,
(2.0246)° (1.7043)¢ (4.4890)2
United Kingdom:
Q, = 1.5456 + 0.0097¢_ - 0.00372,_, -  0.0098P __, (53)
(0.2703)  (0.7640) (-0.4458) (-1.0963)
-  0.0086P_ _ + 0.1717P° + 0.0396p"
' t-3 ) t ) t~-1
(-1.2625) (3.3158)2  (1.1724)
v v
- 0.0330P]_, + 0.0462P] . + 0.0012Y,

(~=0.7617) (~1.3381) (0.4304) -



Italy:

Qt = (.0038 -

(0.0138)

+ 0.00152,_

(2.0346)°

+ 0.0005P,_

(0.1211)
Japan:

Qt = 1,0313

(3.0036)2

- 0.0056Pt

(-4.5625)2

v
0.0076Pt

(-1.0236)

Australia:

Qe

(2.5271)2

- 0.0013P__, -

(-0.3712)

v
- 0.0079P]_

(0.5255)

=. 2,8282 -

2

0.0031P, - 0.0001P__, + 0.0015P _,
(-3.1040)2 (0.0689) (1.6032)°¢
v v
3+ 0.0044P] + 0.0020P)
(0.8067) (0.7547)
v
2 0.0002P,_, + 0.0009Y,
(=0.0639) (6.3070)2
- 0.00482_ - 0.0080P_, - 0.0083P
(-2.0280)°  (-5.4603)2 (-5.2279)2
v v
_3 * 0.021827 + 0.0025¢)
(2.4050)2 (0.4443)
v .
_p - 0.0084P]_, + 0.0006Y,
(-1.3834)¢ (3.6015)2
0.0077P_ - 0.0051P,_; - 0.0030P _
(-1.1659) (-1.3654)° (=0.7249)
v v
5 0.0026F] ~- 0.00697,_,
(-0.1071) (0.7935)
v -
, - 0.0056P)_, + 0.0008%,
(=0.4180) (1.7957)°
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The results obtained with the application of a polynomial lag
function to the demand for cocoa beans tend to confirm those obtained
by the use of Nerlove's formulation, that.is, with respect to the actual
existence of a lag in response. The. existence of a lag in response to
a change in price of cocoa beans appears to be evident from the above
equationa,72 although the United Kingdom (a poor fit) and Italy might
be exceptions. The ‘length of the lag, however, appears to be different
'for-pany of the countries included, which would indicate that our
a priori specification of k = 4 is not a satisfactory one for all coun-

tries.73

With respect to the variable price of soybean oil the results
obtained can probably be said to be an improvement with respect .to the
earlier formulation (Nerlove), but still of a mixed nature. Evidence
of being a significant variable as well as the existence of a lag in
response appears for the United States and France {(as substitute for
cocoa beans), and Demmark (as complement); in addition, West Germany,
United Kingdom, and Japan present evidence of a significant short-run .

{response in the same time period) relationship, with soybean oil being

a substitute commodity.

72Japan is the only case where the rate of consumpticn response
{(toc a change in price of cocoa beans) first increases and then declines;
this pattern of adjustment is more frequently observed, however, with
respect to a change in price of soybean oil. '

31n some cases, the signs of the lagged price of cocoa beans

variable (mainly for Pt—Z and Pt_3) are positive, contrary to.the

expected, although not significant; the specification of k = 4 might
be a factor in such respect, indicating that for some countries the
final time period covered by the lag function should be a shorter
one (Schmidt and Waud, 1973, p. 13).
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For purposes of comparison with the results obtained with the
Nerlovian formulation, we will now proceed to calculate the short-run and
long-run elasticities as well as the incoﬁe elasticity of demand resul-
ting from the peolynomial lag formulation. Short-run elasticity will be
-defined to include (as in Nerlove's case) only the response occurring in.
the same time period t of the price change, whereas the long-run price
elasticity will include the response occurring for thé entire period con-
sidered‘(since k=4, t - 3 is the last year to be incliuded). For the
long-run price elasticity (both cocoa beans and soybean o0il) the following

expression is utilized (Chen et al. 1972, p. 81):

£ (s7)
0

Accordingly, the shortjrun price elasticity correspends only to the first.
term (1 = 0) in Relation 57; Table 13 presents the results so obtained
with the polynomial lag formulation.

When comparing the elasticities shown in .Table 13 with those from
the Nerlovian formulation of Tables 9 and 11, it is apparent that the.
~ figures are quite similar, in a country-by-country basis. Probably the
only exceptidns are those for the long-run elasticity in Francé;and
Japan, the values of Table 13 being somewhat higher. The income elastici-
ties are, however, hipgher for almost all countries in Table 13, and as a
result more in line with the results obtained by Behrman (1968)., We also
recall that the income per capita variable (see Table 12) performed very
well (in termé of significance of the‘coefficients,‘only the one for the
United Kingdom was not significant at the 10 percent level), when com—.

pared with the results from Nerlove's formulationm.
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Table 13. Elasticities of demand for bean-equivalents: Polynomial lag

formulation
Elasticity of demand with respect to

Country P (short-run) P (long-run) Y
‘United States -0.14 -0.31 0.51
Belgium -0.12 , -0.21 0.41
Denmark . -0.31- -0.33 0.29
Netherlands -0.73 -1.31 -0.95
Germany -0.18 -0.36 ‘ 0.73
France . -0.18 -0.42 0.74
United Kingdom ' -~ -0.10 0.35
Italy -0.13 - 0.88
- Japan -0.29‘ -1.61 0.78
Australia , " -0.09 -0.20 o | 0.44 -

®Elasticities were obtained from figures in Table 12 and Equations
47-56 in the text. It should be menticned that some of the coefficients
used in the computations were not significantly different from zero,
with the wrong sign occurring in some casas, This is the reason for
not reporting the short-run price elasticity for the United Kingdom and
long-run elasticity for Italy.
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Demand Projections

We have estiméted (in the previous section) the demand functions for
cocoa beans in ten of the most important consuming nations, and using two
" different approaches. Since the objectives of this study refer tc dif-
ferent market arrangements at a future year (1980), our next step must
be the one of projecting the relationships obtained so far, to that
future period. Since the approach to be used in dealing with our objec—
tives involves the use of the reactive programming procedure, we must
have demand (and supply) functions including only two variables, that
is, cocoa price and quantity. 1In such a situation, the procedure of
obtaining estimates of these functions in 1980 will involve the elimin-
ation of all regressors, with the exception of Price of cocoa beans (see
our discussicn in Chapter 2, and Schmitz, 1968, pp. 93-95),. Since our
interests refer to obtaining an estimate of the long-run demand equations
in'1980, only the pfojection procedure abpropriate to this case will be
described below. This is so because in analyzing the world cocoa economy
in 1980 under three alternative market situations, we have interest in
knowing what equilibrium solutions will be after enough time. has passed
-to allow all pcssibleradjustments to a gilven market change.74 Short-run
responses, for instance, would prévide us with an inappropriate information
with respect to either elimination of tariffs or introduction of an inter-

national ‘cocoa agreement. Starting the discussion with Nerlove's partial

74Nerlove (1958) discusses the problem of short- and long~-run demand
relationships. The considerations presented in Chapter 4 relating to
availability of substitutes, investment in research and development, and
alternative sources of Supply would be relevant here; see also Helleiner
(1972, Chapter 3, p. 55),. :
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adjustment model, we have the following equation which was estimated for

the United States (from Table 10 above):
Q, = 1.3761 - 0.0155P_ + 0.0129P: + 0.0002y, (58)
+ 0.5414q, _,

where as before, Q = per capita grindings, P = price of cocoa beans,

PV = price of soybean 0il, Y = income per capita, Qt—l = lagged per
capita grindings. The coefficients of the long~-run demand equation can
be obtained by subtracting the coefficient of Qt—l from one (1 - 0.5414
= 0,4586) and then dividing the coefficients of.the remaining variables
by the resulting number (0.4586), which 1s the estimare of B, the coef-
ficlent c¢f adjustment in the United States' case (Nerlo%é and Addison,

1958, p. 864)., The resulting long-run function is:
Q. = 3.0001 - 0.0338, + o.ozslP: + 0.0004Y_ (59)

Since the above relation is expressed In per capita terms, and we want
an estimate of the function for total consumption of cocoa beans (QT),

population must be introduced (N in Relation 60):

Qf = 3,0001(N) - 0.0338(N)Pt + 0.0281(N)P) + 0.0004(M)Y,  (60)

To obtéin an estimate of the long~run function in 1980, ﬁe must have
estimates for the variables N, PV and Y at that year. The estimate for
PY will be taken as the mean value of this variable during the period of
analysis (fv = 17.295 for all countries). Appendix C Tables 1 and 2

present estimates of Y and N for all countries, resulting from estimating
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a function of the form Y = a + bt and N = ¢ + dt, t being time in
yeara,74 respectively, for income per capita and population. If we
substitute the values P’ = 17,295, N = 234,058, and Y = 4,748 in

Equation 60 we obtain:

Qf = 1,260.47 - 7.91p (61)

which .is the estimated demand function for cocoa beans in the United
States iﬂ 1980, QT being total grindings expressed in million of pounds,
A similar procedure can be applied to the demand equations esti-
mated by the polynomial lag formulation with a view of obtaining the
relationship for 1980. Equation 47 above describes the function as
'estimated for the United States. If we use.the values P’ = 17.295 for.
the current and lagged variable price of soybean oil, and Y = 4,748 as

above, we obtain the relation:

Qt = 35.7668 - 0._0139_?t - 0.0092Pt_ (62)

1

- 0.0053Pt“2 - 0:0022Pt_3 .

To obtain the long-run relationship correspondent to the above demand
equation, all price coefficients will be added to form the coefficient
of a single price variable (with the assumption of full adjustment in
the period of one year). This will place the relationship estimated by
the polynomial lag formulation in a situation comparable to that esti-
mated by the Nerlove approach and presented above. As a result we

obtain the following relation, still expressed in per capita terms:

741951 = 1 and 1970 = 20.
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Q, = 5.7668 - 0.0306p, . (63)

By introducing the projected pcpulation (N = 234,058), we can obtain a

relation in terms cf total consumption (QT):

QT = 5.7668(N) - 0.0306 (M2, | (64)

with the N value for 1980 (N = 234,058), the resulting relation is given
by:

Qf = 1,349.77 - 7.16 P 65)

with QT again being expressed as total grindings of cocoa beans in
million of pecunds.

Table 14 presents the results obtained when estimating the demand
:functions for each of the countries in 1980 and usilng the procedure
described above for the two techniques. These demand functions will be
the ones to be used in the next chapter when obtaining the equilibrium

solutions with the reactive programming procedure.75

The Estimated Supply Equations
In the discussicn of Chapter 4, when reviewing previous research and
presenting the models for estimation of supply functions, we emphasized

some of the problems created by the lack of data with respect to acreage

750ertain limitations must be recognized with respect to the pro-
Jected demand functions: since .we are working with the fixed exchange
rates as prevalling in 1970, any change occurring with them is not taken
into account here (Schmitz, 1968, pp. 214-215). In addition, we are
concerned with the demand function of a future year, and if we intro-
duced specificaticn bias by dropping the variable price of sugar (or
leaving aside some other relevant variable), our predictions would also
be biased (Theil, 1971, pp. 122-124).
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Country Nerlove , Polynomial lag

United States Q" =.1,260.47 - 7.912 Q" = 1,349.77 - 7.167
Belgium Qf = 82.04 - 0.23P Q¥ =.  71.49 - 0.26P
Denmark Qf = 33.23 - 0.19P Q¥ = 41.12 - 0.14P
Netherlands Q' = 103.52 - 2.02¢ oF = 180.73 - 2.11P
Germany - QF = 671.90 - 4.03P of =  675.17 - 2.59P
France QT =  285.96 - 0.79P Q¥ = 334.88 - 1.75P
United Kingdom oF = 424.59 - 2.61P Q¥ = 368.29 - 0.73P
Italy QF =  108.95 - 0.17P of =  99.59 - 0.01P
Japan Qf = 219.13 - 2.37P of =  264.32 - 3.00P
Australia of = 66.94 - Qf = - 65.13 - 0.25P

0.23p

qprocedure used is described in the text; QT is total grindings of
cocoa beans in million of pounds and P is price of cocoa beans in cents
per pound.
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planted with cccca and climatic variables. Since the results previously
obtained by Behrman (1968) were not entirely satisfactory for some of
the countries included, an attempt was made here to obtain estimates of
the supply equations by using the polynomial lag formulation, which was
considered to be a more flexible distributed lag model, mainly as applied
to a pereqnial crop. Discussion of this formulation was presented in
Chapter 4, and above, in the section about demand estimation. At this
ppint we must say that a decision had to be made with respect to k, that
is, the number of time periods covered by the lag function. Results

_ obtained by Behrman.(1968) indicated that two significant increases in.
yields per unit of area for cozoa occurs in the period of 6-14 years
after planting; a decision was a priori made of choosing k = 10 for all
countries (Ghana, Nigeria, Brazil, Ivory Coast, and Cameroon), the basic
reason being related to the small number of degrees of freedoms we

would have {with k = iO) in the usual pcstwar time saez:ies-l,.jl6 Repeating

the equation to be estimated as:

Qt f a, + “1“1 + u2W2 + 61 Vl + 52V2 + dt + u, (66)
where:
k
W, = I (i-k) P__
1l 1=0 -1

76T‘ne alternatives of trying different k values or of simply picking
a k value closer to 15 for instance were not possible here because of
the constraint in terms of the number of observations available. It is
possible, however, that by using k = 10, we are understating the length
of the lag and, as a result, causing specification error {Schmidt and
Waud, 1973, p. 13). ' '
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with the above equaticn being estimated linearly, for each of the five

countries listed above, by ordinary least squares (period 1946-~1970);

the variables can again be defined as:

Quantity produced of cocoa beans in million of pounds,
time t,

Real spot price of cocoa beans (Chana's product) in New
York in cents per pound, time t.

Real spot price of coffee (Uganda's product) in New York
in cents per pound, time t.

Technology variable represented by a time proxy:

19535 =1, 1970 = 16,

Number of time periods covered by the lag function
1=0,1, ... , k); k = 10 in our case.

Random disturbance, with the properties assumed in
Chapter 4, plus the normality assumption.

Table 15 presents the results obtained for the estimated supply

equations in the five countries included in the analysis, when using

the polynomial lag formulation. The regression results are mixed: the

results for supply response are satisfactory for Ghana and Ivory Coast

not only in terms of the coefficients of determination but also with

respect to sipgnificance of the individual coefficients; the rema;ning



Table 15. Least squares estimates of cocoa~aupply,wpolynomia1-lag-formulation, 1955—1970a
" Least squares estimates (t values in arem:heses)b 9
Country Constant Wl W2., Vl V2 t R
Ghana -2.3551 -5.0137 a 0.4562 a 1.7312 c -0.1738 b 54,3745 0.84
(-0.0018) (-2.5305) (2.3181) (1.5701) (-1.8232) (1.3135)
Nigeria 318.0579 -1.5355 0.1226 0.5443 ~0.0479 21.6630 0.81
(0.3634) (-1,152Q) (0.9260) (0.7338) (-0.7473) (0.7779)
Brazil -788.5234 -0.2864 0.0369 0.4743 -0.0253 33.9020 0.58
(-1.2737)  (-0.3039) (0.3946) (0.9041)  (-0.5578) (1.7214)°
Ivory Coast -404.4218 -0.9754 o 0.0981 . 0.8091 a -0,0692 a 33.9851 0.92
(-1.0765) (-1.7051) (1.7266) (2.5416) (f2.5155) ‘ (2.8436)a
Cameroon ~104.6910 -0.1817 0.0210 0.1116 ~0.0092 13.4358 a 0.93
(~0.7795) (-0.8885) (1.0344) (0.9809) (-0.9381) (3.1445)
3,11 varisbles are defined in the text; the same code for the significance of the coefficients

introduced 1in Table 8 applies here.
variables W and V.

bFor significance of the coefficlenta the
statistically significant at the
atatistically significant at the
gtatistically significant at the

a

b .

c

The resulis for th

code is:

5 percent level;

10 percent level;
20 percent level.

See ‘footnote 67 for estimation procedure with respect to
e Durbin-Watson statistic were all inconclusive

el
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countries have less satisfactory results, with the one for Brazil being

poor in terms of both criteria mentioned above.

The additicnal computations which are required to obtain the price
coefficients were already shown in the section dealing with demand esti-
7 mation; since the procedure for "unscrambling" and for testing the
resulting coefficients are exactly the same, they will not be repeated
here. As a result only the final figures in the supply equation for each

of the five countries will be presented. They are:

Ghana:
Q = 2.3551 - 4.5189P, + 0.0386P, - 67)
(-0.0018)  (-1.7898)  (0.0133)
+ 3.68372,_, + 6.41657,_, + B.23697,_, + 9.1450P_
(0.9783) (1.4200)¢ (1.6534)° (1.7938)°
+ 9.1407P,_  + 8.2201P,__ + 6.3951P__ + 3.6537P_
(1.8865)° (1.9519)° (2.0003p" (2.0375)°
c c c _ c
- 0.07012% - 1.62758% 2.837325_, - 3.69942°
(-0.0286) (-0.8569) (-1.633)°  (<2.0276)°
e ¢ c _ c
- 4.21388 , - 4.38072°_ - 4.19988° 3.67138% __
(-2.1480)° (-2.1661)° (-2.1460)P (-2.1211)°
< [ad
- 2.795285 1.57142%_ + 54,3745t

- (-2.0961)° (-2.0733)° (1.3135)
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Nigeria:
Qt = 318.0579 - 3.0963Pt - 1.6834Pt_1 - 0.5157Pt_2 (68)
(0.3634) + (-1.8704) (-0.8793) (-0.2058)
+ 0.4069P, 3+ 1.0843P, , + 1.5165P g+ 1.7035P
{0.1347) (0.3230) (0.4438) (0.5244)
c
+ 1.6454P . + 1.3421P o+ 0.7936P,_o + 0.6435P,
(0.5819) (0.6254) (0.6591) {0.3903)
c [ o3 c Cc
+ 0.153P . 0.2472P% _, 0.5518P;_, 0.7606F,_,
(0.1200) (—0}2116) {-0.4497) (-0.5764)
c c c. _ c
0.8735P_ . - 0.8905P_, 0.8117P_ _, 0.6370P_ _,
(-0.6412) (<0.6764) (-0.6971) (-0.7101)
- 0.3664P_ o + 21.6630t
Brazil:
Qt --f788,5234 + 0.8300Pt + .1'0795Pt—1 + 1.2551Pt_2 (69)
(-1.2737) (0.7078) (0.9192) (0.7076)
+ 1.3569P _, + 1.3847P _, + 1.3386P . + 1.2067P
{0.6350) (0.5867) (0.5537) (0.5249)
! c
+ 1.0249P, . + 0.7571P__g + 0.4155P g + 2.2123P

(0.5124) (0.4987) (0.4879) (1.8931)b
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c c C c
*OL.7634P, )+ 1.3650P0 , + 1.01738C , + 0.7201P;_

3
(1.9458)P (1.6407)° (1.1690)° (0.7701)

4

[+ c ) ‘ c c
*OOATIPL g+ 027772 4+ 0.132385  + 0.0376p

t-8
(0.4909) (0.2979) (0.1606) (0.0593)
= 0.0065P7 . + 33.9020t
(~0.0180) (1.7214)¢

Ivorz Coast:

Qt = -404.4218 + 0°0557Pt,+ 0'9331Pt-l + 1.6142Pt_

-2
(~-1.0765)  (0.0783) (1.1340) (1.4996)°
+ 02,0991+ 2.3878__, + 2.4803P___ + 2.37678__
(1.6189)  (1.6673)°  (1.69071)°  (1.7034)C

‘ : c
+ 2.0768Pt_7 +. 1'5807Ptf8 + _0.8885Pt__9 + 1.1687Pt

(1.7110)¢ (1.7158)°¢ (1.7190)¢ (1.6511)°
c [ . c Nl
+ 0.41808°_ - 0.1744P7_, ~  0.6373p5_, - 0.9617P7 _,
(0.7622) (=0.3478) (-1.2099) (~1.6980)°¢
c c § c- [sd
- l.476P; , - 1.1951P7 , - 1.1040P7 0.8745P; g
(-1.9629)° (-2.1151)° (-2.2093)P (-2.2713)2

0.5065p§_9 + 33.9851t

(-2.3145)2 (2.8436)%
Camercon:

Q. = -104.6910 + 0.2842P_+ 0.4449P__ + 0.5635P_ (71)

1
(-0.7795)  (1.1170) (1.5124)  (1.4643)°

2
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+ 0.6402P__. + 0.6748P _, + 0.6674P,_ + 0.6186P _

-4 5
(1.38:03° (1.3179) (1.2725) - (1.2401)

é

+ 0.5265p___ + 0.3930P,_ . + 0.2175P o + 0.1932P_

7 t-8 9
(1.2133) (1.1933) (1.1772) (0.7630)

+ . = i ) c - . C _ c
0.0908F_ + 0.0068P"_, 0.0586P;_, 0.1057p__,
(0.4627) {0.0381) (-0.3112) (-0.5216)

- 2 < - C - c - c
0.134287_, 0.1443P7_ -  0.135927 0.1091P; g
(-0.6418) (-0,7142) (-0.7606) (-0.7923)

- 0.0638P;_g + 13.4358t

~ (-0.8150) (3.1445)°

Withrrespect t> the pattern followed by the lag weights, the results
obtained above iend to confirm our expectation for the cocoa supply
response: the pclynomial lag model used shows that the rate of output
change first increases and then decréases,(two.countries have the
maximum response with 1 = 4, two with 1 = 5 and one with 1 = 6 for the
variable price of ccceca beans). The regressions for Ghana and Nigeria
present the additicnal problem cf'negative sign for the coefficient of
the price of cccoa beans variable in the current period. Since these
two afe the larger producing countries, we may be facing the problem of
simul taneous eéuation biags (as mentioned in Chapter 4) in our statistical
estimaticn. This problem, however, does not appear for the fhree smaller
producing countries, Brazil, Ivory Coast, and Camercon. The same
problem appears in some countries with respect to the variable price

of coffee (positive coefficient for the current and immediately preceding
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time period, although not significantly different from zero in most
cases). The most serious case is that of Brazil where the variable
price of coffee has a positive coefficient in all but the last period
of time; the fact that coffee policy in Brazil disassociates the
férmer's price from the world price may be a possible explanation for
this unexpected result. It is also apéarent that the prior specifi-
cation of k = 10 dces not perform satisfactorily for all countries:
an exampie is Gﬁana's case where the size and significance of the coef-
ficient at time t-9 (t value still increasing) would suggest a longer
pericd for the formulation.

Short-run and long-run elasticities can be computed by using the
same precedure as discussed under demand estimation. It shculd be kept
in mind that the short-run elasticity (response in harvesting and
husbandry in the same periocd as the price change) i3 reported in Table 16
only for the countries with the right sign for the price variable,
although these same ccefficients are not significantly different from
zero. The long-run elagticzities for Ghané and Ivory Coast are larger
than those obtained by Behrman (1968) and shown in Table 5: on the
other hand, figures for Nigeria and Cameroon are lower in our study,
with the elasticity of supply in Brazil being of the same order of
magnitude. Our results then indicate that the short-run response. of
cocoa production to a price change appears to be non-existent, but in a
long-run perspective (recalling that we are dealing with a perennial

crop), the output response is substantial.
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Table 16, Elasticitieg of supply of cocoa beans, polyﬁomial lag
formulation

Elasticity of supply with respect to

Country P (short-run) P (long-rumn)
Ghana - 2.17
Nigeria ' - 0.28
Brazil 0.08 1.07
Ivory Coast 0.008 , 2.51
Cameroon 0.06 0.99

®Flasticities were obtained from coefficients of Equations 67
through 71 in the text and mean values of the variables; for long-run
elasticities an expression similar to Relation 57 above was used,

d.e.,
LN
LR 1=0 aPt_i Q

with the short-run elasticity being the first term (i = 0) in the
above expression. As discussed in the text, some of the coefficients
which go in the abcve expression have the wrong sign, which affects
the long-run elasticity (mainly for Nigeria).
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Supply Prcjection

As pointed cut by Chen et al. (1972, p, 82), estimation of supply
response is still a problematic area of research. The reasons pre-—
sented by the avthors are twcfold: the first one refers to the point
made by Griliches (1967) in that a major shortcoming of most distributed
lag models is their lack cf theoretical substance,77 which would create
some difficulties with respect to what type of lag model to accept or
reject. The second_point refers to the fact that the elasticities {or,
for this matter, the coafficlents) obtained should have a special
interpretation since the response of output is to several price changes,
rather than a once-and-fcr-all price change. These consideraticns, iﬁ
conjunction with the previously discussed question of predicting changes
in technclegy (Chapter 4), should be kept in mind when projacting the
supply function of cocca to 1980,

The prccedure tc be used in projecting supply functions is similar
to the cne used for projecting demand functicns, althcugh. the variables
are different.78 Since our variable time (t) is being assumed to be a
proxy for technology, if we set its value for 1980 as t = 26 and use
the mean value P° = 50.113 for the current and lagged variable price of

coffee, each of the Equations 67 and 71 can be expressed only with the

77Exceptions are made for the two Nerlove models, that is adaptive
expectations- and partial adjustment, where the form of the lag is
derived as an implication of the respective hypothesis made (Griliches,
1967, p. 42).

78As in the demand side, here we are interested in obtaining an-
estimate of the long-run supply function; since we want to introduce in
our problem an estimation of the opportunity cost of the resources used
to produce cocoa, enough time must be allowed for new capacity {in terms
of cocoa trees) to be built (see also Helleiner, 1972, p. 55)
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terms for the current and lagged price of cocoa beans in the right-hand
inside. With the assumption of full adjustment in the period of one
year, we can then add all coefficients of the variable price of cocoa
beans to form the coefficient of a sinple price variable.

Table 17 presents the results obtained with our procedure of
érojecting cocca supply functicns to 1980, These will be the functions
to be considered, for thesse particular countries, in the next chapter

_when' the problem of obtaining the equilibrium solutions under three

market alternatives (from cur objective) will be dealt with.

Table 17. Estimated supply.functions in 19802

Country Equation

Ghana Q= -45.20 + 50.42 p
Nigeria Q = 663.71 + 4.34 P
Ivory Coast Q = 227.91 + 16.49 P
Cameroon ' Q = 221.55 + 5.03 P

8The estimated supply function for Brazil was not projected to
1980 because of the problem with respect to the variable price of
coffee as described in the text.
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CHAPTER 6
THE EQUILIBRIUM SOLUTIONS

As stated in Chapter 1 (when defining the objectives of the
analysis), some intermediate steps would be required before being able
to accomplish our objectives. At that point we stated that two of such
steps were involved: The first one would be to obtain estimates of unit
transportation costs for cocoa beans in internatiomnal trade, and the
second one would be to estimate cocoa demand and supply functions for
the most important countries, as well as projecting these relationships
to 1980,

With respect to the first intermediate step, in Chapter 4 a
discussion was presented and the selection of 32 regions and theilr
representative centers was made, with fhe objective of characterizing
the spatial nature of the world cocoa economy. With respect to the
second intermediate étep, Chapter 5 also presented the results for the.
estimated demand fﬁnctions in ten countries -and -supply functions in five
producing countries. Before dealing with the question of obtaining the
equilibrium solutions for the three types of market arrangements, we thus
need estimates of unit transportation costs and of demand and supply
functions for the remaining countries. The first part of this chapter
will then provide such information, after that we will be specifically
dealing with the problem of obtaining the_equilibrium'solutions for our

three different cases.

Transportation Costs for Cocoa Beans
It was previously assumed (in Chapter 4) that the representative

centers salected for each of the 32 regions in the cocoa economy are
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Specific locations where production and consumption take place in each
of the regions (in most cases, countries); as a result, no allowances
are made fcr possible costs occurring in the space and form dimension
of the markering process besides the transportation cost between two
points.79 Information regarding transportation costs for cocoa beans
(including approximate freight and insurance costs) was provided to
us by the Foreign Agricultural Service of the United States Department
of Agriculture;so data about distance. between two represehtative centers
were cbtained from a United States Department of the Navy (1965)
publication.

The following function was.then fitted to the data:
TC = a + bD (72)

where TC is the transfer cost in cents per pound, D is distance in
miles, and a and b are the parameters to be estimated. The regression

result (with 9 observatiomns) can be described in the foliowing way:

9The reason for so proceeding refers to the fact that no publica-
tion providing such information was located. These excluded costs
involve those occurring from the point of preduction to the port (loading
cost will be included in ocur estimates) as well as unloading and
transfer to the consumption centers; to the extent that the relevant
costs vary for different producing regions, the commodity flows might
be affected,

80The original source of ‘the data is reported to be the Federal
Maritime Commission for freight rates and Marsh & McLellan, New York
for insurance rates, according to a 1968 study by the U. ‘S. Department
of Commerce. It should be noted that all cbservations refer to American
ports as destination.
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TC = 1.60421 + 0.00009 D 8% = 0.73 ' C(73)

(19.6704) (4.3638)
with the t values being presented in parentheses.81
The estimated relationship as given by equation 73 was then used to
‘estimate the transportation cost for cocoa beans for all possible pairs
of representative centers.s2 These costs will then be used as input

data when applying the reactive prﬁgramming solution procedure.

Other Demand and Supply Functions
In Chapter 5 we obtained estimates of demand functions (by two
methods) in ten countries, and of supply functions in five countries.
Since one of the estimated demand functions will be disregarded when
obtaining the equilibrium solutions due to its unsatisfactory results,
we still need to obtain estimates for the demand functions in 23
83
countries for 1980.

- The procedure to be used for obtaining estimates of these remaining

demand functions will, however, involve no statistical estimation; on

81The two coefficients are significantly different from zero at the

1 percent level.

82A few approximations were made out of the almost 500 possible
pairs; they refer to the calculation of some of the distances involved,
since exact figures were not provided in U. S. Department of the Navy
(1965) publicaticn.

83As mentioned in Chapter 5, the results for the United Kingdom
were unsatistactory with both methods used, and they will be disregarded
from here on. In addition, the only demand function to be considered
for Italy will be the one estimated by the Nerlove model, since some
of the cocoa price coefficients had the wrong sign in the polynomial
lag formulation. ' .
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the contrary, a much simpler procedure will be used.84 As previously
mentioned (Chapter 4), a United Nations study (Food and Agriculture
Organization of the United Nations, 1971) provides us with projections
of cocoa consumption by country for 1980. Since these projections were
based on price conditions prevailing during 1970, we can thus have a
point (quantity and price) in each country's 1980 demand function. Teo
obtain an estimate of the entire function (for each country) we assumed
a uniform price elasticity of demand for cocoa beans (long-run) of
-0.50.85 Our procedure can be illustrated by referring to the United
Kingdom's case. The-rquired information for 1980, that is, quantity

consumed (Q}, price (P), and elasticity of demand (n), is given by:

Q = 302.03 (million of pounds)Z®
P= 34.20 (cents per pound)
n= .50

By definition n, the price-elasticity of demand, is expressed as:

$4It should be noted that the nine countries for which we will be

using our own estimates for the demand functions are responsible for 55

percent of the world consumption of cocoa (in beans-equivalent, average

1967-1969), and close to two-thirds of world consumption after excluding
countries of Eastern Europe.

5For most countries (or regions) no information was available of
such elasticity; for others, only short-run estimates were available and
in all cases (see Chapter 4, Table 6 and Footnote 50), they were lower
than the above absolute value (0.50). Our long-run estimates also
(see Table 9 and Table 13) indicate that only two out of ten countries
have elasticities greater than the assumed absolute value of 0.50.

86The information for projected cocoa consumption refers to the
alternative 1980 T, that is, using a trend assumption for private
consumption expenditure (Food and Agriculture Organization of the
- United Nations, 1971, p. 404).
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(74)

=

i
(R T-%
518
L

Since we have assumed n, and have estimates of P, and Q, we can solve
expression 74 for dQ/dP, which is identified as the slope of the
United Xingdom's demand function; the result %%-= b ="=4.4156. Since we

will be working with linear demand functions (G = a - bP), the estimate

of thé‘iqtercept (a) can be calculated by the expression:
a=0Q+ bP , (75)

The result being a = 453.05; with the knowledge of a and b (parameter
estimates), the 1980's demand function for cocoa beans in the United

‘Kingdom is given by:
Q = 453.05 - 4.42 P o (76)

The same procedure was used to obtain estimates of the demand
funetions in 1980 for the remaining-22 éountries {or groups of countrieé),
always using the FAO's projection of cocoa consumption (in beans-
equivalent).s7 Table 18 presents the demand functions so estimated.

In Chapter 5 we also estimated cocoa supply functions for the
five largest producing countries (Ghana, ¥Nigeria, Brazil, Ivory Coast

and Cameroon); some of the results obtained were not satisfactory, the

7An approximation was made for the demand functions of Cameroon
and Ivory Coast; FAO's projections indicate a zero level of consumption
for both countries. Since we must have demand functions for all
markets in the reactive programming procedure, we used a consumption
level of one million pounds in each, which is not expected to alter
our results in a significant way.
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Table 18. Estimated demand functions in 1980, remaining countries (or

regions')a

.

Country (region) Demand funcrion

Ghana = .3.29 -.0.03pP
Nigeria = 3,29 - 0.03p
Ivory Coast = 1,50 - 0.01F
Camercon = 1.50 - 0.01P
Other Africa Production = 1.50 - 0.01P

Other Africa No Production = 10.50 - 0,1¢P

Brazil = 138.89 - 1.35P
Ecuador = 33.08 - 0.32P
Venezuela = 59.52 - 0.58P
Mexico = 72.75 - 0.71P

Dominican Republic = 13,23 - 0.13P

Canada 168.65 - 1.64P
Other America. = 234.79 - 2.29P
Other Asia = 128,97 - 1,26P

= 19.85 - 0.19P
= 453.05 - 4.42P
= 23.15 - 0.23P
= 95.90 - 0.93P
= 171.96 - 1.67P
= 142,20 - 1.39P
= 188.49 - 1.84P
= 221,57 - 2,16P
= 575.40 - 5,61P

Other Oceania

United Kingdom

Ireland

Norway, Sweden, Finland and Iceland (NSFI)
Spain, Portugal

Augstria, Switzerland

Eastern Eurcope 1

Eastern Europe 2

OO O OO OO0 00000 0000000000
]

Soviet Union

8Source: See discussion in the text; Q is expressed in millions
of pounds and P in cents per pound. '
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cases of Nigeria, Camercon, and Brazil, being the most important in
such respect.88 Since Behrman (1968) obtained estimates of the long~run
supply elasticity of cocoa for:Brazil and Cameroon, they will be used
here to obtain a new supply function for these countries.89

A procedure similar to that used above for estimating the remaining
demand functions will be employed for estimating the supply functions.
of Nigeria, Brazil, Ivory Coast, and Camercon; we can illustrate the
_procedure by using Brazil as the example, The required informacion for
1980 1is given by'Q = 418,87 miilon pounds (Food and Agriculture Organimtion
of the United Nations, 1971, p.227, basic projection), P = 34.2 cents.
per pound and ¢ = 0.95 (Behrman, 1968, p. 704, Table 1) for the long-run.
supply elasticity of cocoa, which can be defined as:

a=g—g % a7

8From Chapter 5 we recall that the problem with Nigeria's
result was the negative coefficient of the cocoa price variable
for the first three years; with Brazil the problem was the positive
coefficient of the coffee price variable in all but the last year,

9Our estimated elasticity for Nigeria should be an underestimation
of the true one (because of three negative price coefficients in
Equation 68; as a result wé used ¢ = 0.90 as our estimated supply
elasticity, which is approximately three times the value estimated by
us, but closer to ‘the range of values for other countries. Now, for
the case of Ivory Coast, our estimated intércept term in the equation
of Table 17 should be overestimated: this is so because of the wrong
(positive) sign for two coefficients of the coffee price variable
(Equation 70). We then used our estimate of the slope (16.49, cocoa
price’variable in Table 17) and FAO's point projection of outputr (at
1970's price) te estimate a new supply curve, as described in the text
(Relation 48, since only a new intercept is needed). Ghana's supply
function was kept as in Chapter 5, although it is recognized that the
Alope may be slightly underestimated (because of negative coefficient
of the price variable in the current year). :
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with the knowledge of the above information (Q, P, 'and ¢), d = %% R
which is the slope of the supply function, can be obtained, the result
being d = 11.6353, The estimate of the intercept is obtained from a

linear supply function as:

c =0Q - dP - (78)

with the result being ¢ = 20.78. With lknowledge of the intercept and
the slope (parameter estimates), the 1980's supply function of cocoa

beans in Brazil is given by:
Q = 20.78 + 11.64 P (79)

A similar procedure was applied to obtain an estimate of the supply
functions for the other three countries, the results being reported
in Tablé 19. TFor the remaining coun;ries (or regions), a fixed supply90
(instead of a supply function) was used to represent the pfoduction
conditions to prevail in 1980, the information being obtained from

FAO's production projection and also reported in Table 19.

Free Trade Solutions
After presenting the estimates of unit transportation costs as
well as demand and supply functions (or fixed supplies) for the remaining
countries, we -can now proceed to obtain the equilibrium soluticons under
the three different market arrangements described in Chapter 1.

" Appendix C Tables 3 and 4 put together the cocoa demand and supply

90A fixed quantity for 1980 implies that the supply function is a
perfectly inelastic one; these countries constituted only 22 percent
of the world production as an average for the period 1968/69 - 1970/71
(see Table 4}.
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Table 19. Estimated supply functions and fixed supplies in 1980,

a
remaining countries (or regions)

Country (region) Supply function (or fixed supply)
Nigeria Q = 70,55 + 18.57P
Ivory Coast Q= 20.26 + 16.49P
Cameroon Q = -250.00 + 16.33F
Other Africa Production- Q = 220.45%

Brazil Q=  20.78.+ 11.64P
Ecuador Q= 154,32
Venezuela Q= 55.12

Mexico Q= 57.32
Dominican Republic Q= 83.77

Other America Q= 112.43

Other Asia Q= 39,68

Other Oceania Q= 79.37

aSource: See discussion in the text; Q 1s.expressed in millions
of pounds and P in cents per pound.
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estimates; the info;mation in these two tables will form the basis (in
terms of input data) for obtaining the equilibrium solutions with the
reactive programming procedure- (see King and Ho, 1972); thi; proceduregl
(as mentioned in Chapter 2) allows us to obtain solutions to spatial
equilibrium problems in such a way that net revenue to each shipper
is maximized at the supply areas, for specified formsrof market
structurg.

In the type of spatial problem being considered here, both quantity
supplied and demanded are variables and their equilibrium values are
determined simultan'eously.92 In addition, we also obtain the equilibrium
prices in gach region as well as the trade.flows., We also recall that
to obtain the final relationship of quantity (demanded or suﬁplied) as
a function of price in Chapter 5, we assumed some of the other explan-
atory variables in the estimated equations to have their average value
in the period of the investigation. In such a context, the equilibrium
solutions for 1980 should be interpreted accordingly, that is, as the
results to prevail in an 'average' or 'normal' year. These 'mormal’
equilibrium solutions should be of greater .relevance to producing
countries (also with respect to the other market arrangements to be
considered later) than the information provided for a year with an
abnormally high or low value of these explanatory variables (see also

Sehmitz, 1968, pp. 255-257).

9lThis solution procedure requires that the demand and supply
equations be presented with price as the dependent variable; as a result,
all the equations in Appendix C Tables 3 and 4 were solved to express
price as a function of quantity.

ngs a matter of fact, in the supply side we have five supply
equations and eight regions with fixed supplies. '
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Model 1. Solution Using Demand Equations from Nerlove Model

This solution will provide us with the equilibrium values of the
variables mentioned above and using the estimated demand equations
obtained by Nerlove's partial adjustment model (these are the equations
written as alternative a for eight countries in Appendix C Table 3);
the other input data are the demand equations for the remaining
24 countries (Table 18 above) and the supply functions (or fixed
supplies) presented in Appendix C Table 4. No barriers to trade -
(tariffs or trading blocs) exist in. this case, such that in this
situation of free trade,‘the price importers pay for cocoa beans is the
price at the exporting region plus transportation costs.

This model predicted optimal trade patterns for cocoa in 1980
under the assumed condition of free trade; Appendic C Table 5 presents
the least-cost trade flows of cocoa beans obtained by the applicarion
of this first model. Ghana exports cocoa beans to 11 of the 31
consuming regions included in the model, with ‘Ivory Coast being second
with shipments to five regions.g3 Table 20 presents information about
equilibrium values for quantity»supplied, exports, producers' prices,
and revenues (foreign exchange earhnings)., Our prediction then shows
Ghana as the largest producer and exporter, with foreign exchange
revenue from cocoa almost reaching the level of 450 millions of dollars.
Some changes occur with respect to the rankiné of éouﬁtries in terms of
their cocoa production: the resulting order is Ghana, Nigeria, Ivory

Coast, Brazil, and Camercon, as compared to Ghana, Nigeria, Brazil,

93The total transportation cost resulting from the least-cost trade
flows for cocoa beans reported in Appendix C Table 5 is US $74,462 millions.



Table 20. Equilibrium values of production, exports, prices, and revenues, free trade Model 1, 1980

Producing country

{region) . Production Exports Prices | Revenue
(millions of pounds) (cents/pound) {millions of dollars)

Ghana 1,478.03 . 1,475.66 30.46 449,49
Nigeria 684.66 682,28 30.43 207.64
Ivory Coast _ 528.41 527.21 30.47 160,66
Cameroon 251,54 250,34 30.40 76,11
Other Africa Production 220.35 219.15 30.39 66.60
Brazil 358.78 260.97 30.50 79.60
Ecuador 154.32 131.07 - 30.61 40,12
Venezuela 55,12 , 13,31 30.70 4,09
Mexico 57.32 6.44 30.72 . 1.98
Dominican Republic 83.77 . 74.53 30,73 22.91
Other America - 112,43 32,28
Other Asia 39.68 32,72
Other Oceania 79.37 65.40 30.98 . 20.26
Total? 4,103.77 3,706,36 1,129.46

‘ 87n this and the following tables, flgures for total production may not equal column sums because
of rounding,.

T
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Ivory Coast, and Cameroon, as the ranking for average production in the
period 1965/66-1969,/70 (see Table 1). In addition, Appendix C Table 6
presents information about the consumption side of the cocoa economy,
that is, equilibrium values for quantity consumed, prices, and
expenditures on cocoa beans. From Table 2 we know that for the pericd
1967-1969, the five largest consuming countries were United States,
West Germany, United Kingdom, Soviet Union and France; the omly change
occurring'in 1980 refers to the Soviet Union becoming number three and

the United Kingdom as number four.

Model 2. Solution Using Polynomial Lag Formulation in Demand

This solution will provide us with the equilibrium values for the
same variables as those of Model 1, the only difference being that we
now use the demand functions estimated according to the polynomial lag
formulation {equations written as altérnative b for eight countries in
Appendix C Table 3); the other demand and supply equations are the same.
ags in Model 1. | | | |

The least-cost trade flows obtained by using this model are
presented in Appendix C Table 7; these flows are very similar to those
shown in Appendix C Table 5 (Model 1), with the exception of only a few
. pairs (Ghaﬁa shipping to the United States, Italy, Netherlands, and not
shipping to Eastern Europe 2, Nigeria not shipping to United Kingdom.
and Ivory Coast to Netherlands). GChana and Ivory Coast (tied with
Other Africa Production) are again the supply areas shipping to the

94
greater number of consuming regions (thirteen and four, respectively).

94'I'he total transportation cost resulting from the least-cost trade
flows in this Model 2 is US $79,057 millionms.



Table 21. Equilibrium values of production, exports, prices, and revenues, free trade Model 2, 1980

Producing country

Production Exports

{tegion) Prices ) Revenue
(millions of pounds) (cents/pound) (millions of dolliars)

Ghana 1,573.18 1,570.86 32,36 508. 39
Nigeria 722.89 720.57 32.34 233.07
Ivory Coast 560.12 558.94 32.38 180.97
Cameroon 283,16 281.99 32.30 91.08
Other Africa Production 220.33 219.15 32.30 70.78
Brazil 380.13 284,92 32.42 92,37
Ecuador 154,32 131.69 32.55 42,86
Venezuela 55.12 , 14.42 32.62 4,71
Mexico 57.32 7.81 32.65 < 2,55
Dominican Republie 83,77 V 74.78 32.66 24,42
Other America 112,43 34.20
Other Asia 39,68 34.62
"Other Oceania 79.37 65.77 32.92 21,65
Total 4,321.81 3,930.90 1,272.85

9T
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Information abour the equilibrium values for quantity supplied, exports,
producers' prices and foreign exchange revenues are reported in Table 2;.
Again, Ghana is the largest producer with a great guantity difference
occurring with respect to the other four larger producers, which are,
_in declining order, Nigeria, Ivery Coast, Brazil, and Cameroon (the
same order as in Model 1). Finally, Appendix C Table 8 presents
information about consumption of cocoa beans for the same variables
reported in the previous model. The same order of importance in
consumption as in Model 1, that is, United States, West Germany, Soviet
Union, United Kingdom, and France, was obtained with application of
Model 2., 1In both cases, these countries accounted for a share of total

consumption in the neighborhood of 60 percent.

Comments on the Two Free Trade Models

As mentioned above, the predictions of the two models in terms of
the least-cost trade flows for cocoa beans are very similar. However, -
the results obtained for the trade flows will not be overemphasized
here. One of the reasons for this is related to the fact that most
of the African producing nations are located very close to each.other.
The consequence of this location pattern is that the net prices of cocoa
beans in the different producing areas are very similar.95 As peointed

out by Zusman et al. (1969, p. 18), when such narrow price differentials

gsAs mentioned in Chapter 2, net prices (Rij) can be defined by
the expression: :

i
R,,=P, -P =-T,,
11 = "1 7 13 |
where Py is price at market j, pl is price at origin i and Tij is the
respective transfer cost,
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trade flows,96 since it would be extremely difficult for exporters to
detect such differentials in practice (there is a cost involved in
increasing the accuracy of price information). Other reasons for the
existence of such deviations in trade flows would include the existence
of transfer cost nct censidered by us, possible contractual agreements,
product differentiation, as well as bilateral agreements. Thus, to
repeat the point, the predicted trade flows should not be overemphasized
(actual shipments would be expected to be more diversified) in these
two models and the others to come; rather, they provide us with the
optimum flows under the conditions assumed earlier in the analysis.

The results obtaine& for the other equilibrium values of desired
variables97 (prices, quantities supplied and demanded, revenues, and
expenditures) are similar for both models, although those values
obtained with the use of demand functions estimated by the polynomial
lag formulation (Model 2) are in a somewhat_higher level (the exceptions
are, of course, the consumption figures for those countries whose demand
functions remain the same in both models).

In Chapter 5, after estimating cocoa demand funections with the
use of two different models, wé indicated that some improvements were
obtained by the use of the polynomial lag formulatiom. At that time we
mentioned that these improvements related to the fact that the

coefficient of determination was higher for most of the countries

96The game problem is probably occurring with respect to the
Central American countries, and also Brazil and the African nations in
terms of Eurcopean markets.

97A better perspective for the values of some of the variables
will only be obtained after a comparison is made with the values of
the same variables in the other two types of market arrangements.
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estimated, and alsc with respect to the significance of the coefficients
of the included variables. In such a situation, it was decided to
obtain the equilibrium values of the variables being considered in the
two remaining types of market arrangements by using only the demand

functions estimated by the method of polynomial lags.

Trade under the Existence of Tariffs and EEC

The.second type of market arrangement to be considered, as
described in the first objective of our analysis, is one involving
the existence of tariffs on cocoa-as well as trading blocs (the EEC
is the cne to be specifically considered here). The equilibrium values
of the same variables (as in the free trade model) will be obtained
‘through the application of the reactive programming procedure.

Chapter 3 presented a theoretical discussion of the cocoa economy
under the presence of these two type; of commercial policies in
international trade. At that time we pointed out that suggestions have
been made for the elimination of tafiffé on imports of raw materials
from less developed countries as a move to’increase their exchange
earnings. The information availabie (Food and Agriculture Organization
of the United Nations, 1972) indicates that, at least for cocoa, the
above suggestion has been already adopted by many countries (a
comparison being made with the situation in the early 1960's). The
best example is provided by the case of the United States and United
Kingdom (together, 36 percent of world consumption in 1967-1969), where
no tariffs présently exist for cococa beans or products. The tariffs
prevailing in 1972 (and assumed to prevail in 1980) for some of the

countries included in our analysis are presented in Table 22 for two
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Table 22. Current average tariffs on cocoa, selected countries, 19722

Country _ "01d" EEC "New'" EEC
(percent) (percent)
United States Free Free
Japan 2.3 2.3
Belgium 6.8 6.8
France. 6.8 6.8
West Germany 6.8 6.8 .
Denmark 1.4 6.8
Netherlands - 6.8 6.8
Italy 6.8 6.8
United Kingdom‘ Free 6.8
Ireland - Free
NSFIb Free Free
Austria and Switzerland® 3.5 | _ 3.5

%The tariff rates refer to a weighted average of rates applying
to cocoa beans and cocoa products (butter, powder, paste, and chocolate),
the weights being given by the proportion of world imports in the
period 1968-1970. The source for individual countries' rates is Food
and Agriculture Organization of the United Natioms (1972).

bFree for Norway, Sweden, and Finland; unknown for Iceland.

®The rate being used here is the one prevailing in Austria.
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distinct cases: the "old" EEC (including the original six countries,
France, Italy, West Germany, Netherlands, Belgium~Luxembourg), and the
"new" EEC, that is, with the inclusion of the United Kingdom, Ireland,
and Denmark, the assumption being made that the level of the Common
External Tariff (CET) will remain the same.

The countries inecluded in Table 22 do not cénstitute a complete
coverage of the cocoa economy. However, they are a sizable proportion:
the twelve consumption centers listed in that table correspond to two-
thirds of the world consumption, and 78 percent after excluding Eastern
European countries from the total, The information contained in
Table 22 will then be used with a view of accomplishing the second part
of our first objective. To achieve this, however, the following
changes were made with resbect to the input data in the previous
free-trade model: (a) Since we have an ad valorem tariff for Japan,
Denmark98 and Austria-Switzerland, their respective demand functions
will experience a downward shift (see the seétiop on Import Tariffs in

Chapter 3). Their new level can be estimated by the general expression
P =‘(l -t) (@' -b'Q) (80)

where t is the tariff rate of Table 22, with the demand curve being

expressed with price as the dependent variable.99 (b) To allow for the

98Denmark is a member of the EEC, effective January 1, 1973 ("New"
EEC), and so, item b will also apply to her.

99The solution using the reactive programming method will provide
us with prices excluding the value of the tariff for Japan, Denmark
and Austria-Switzerland; wholesale prices can be ohtained by
substituting the equilibrium quantities in the regular demand equations.
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nature of the EEC (a customs union), an approximarion with respect to
the tariff rate was necessary; the welghted average of 6.8 pércent
(Table 22) was converted into an excise tariff by using a base price of
30 cents per pound (in the neighborhood of the free-trade solution
above described), with the resulting figure (2,04 cents per pound)
being added to the transfer cost between the affected country and the
EEC.100

The introduction of the above modifications in the programming
procedurg allows us to obtain new equilibrium solutions for the case

where tariffs and the EEC (old and new) exist; for convenience, the

two cases to be discussed here will be referred to as Models 3 and 4,

Model 3. Solution with Tariff and EEC's 0l1d Membership

This solution will provide us with the equilibrium values for- the
same variables as in the free trade solutions (Models 1 and 2), after
the introduction of tariff rates on the imporration of cocoa (in Japan,
Denmark, and Austfia-Switzerland), as well as the existence cf the EEC”
(Belgium-Luxembourg, France, West Germany, Italy, and Netherlands) with
its Common External Tariff (CET). Since the countries benefiting from
such preferential treatment are only Cameroon, Ivory Ceoast, and Other
Africa Production (mostly Toge), according to our division of production

centers, it was originally thought that not only other African countries

100For instance, Camercon, Ivory Coast, and the group included as
Other Africa Producrion, were not aifected by this, since as signatories
of the Yaounde Convention (Associated Overseas Countries) they have free
access into the EEC market; Other Africa Production was included as a
signatory because of Togo, the largest producer among its composition.
All other countries had their transfer costs to the EEC countries
increased by the above amount, to indicate the working of the common
External Tariff.
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(mainly Ghang and Nigeria) would lose, but also Latin American ones,
with the implementation of such a policy. However, the solution (in
terms of trade flows) obtained for Model 2 (that is, a free trade
solution) provides us with a better indication of how trade might be
affected by the introduction of the EEC. TFrom Appendix C Table 7, wé
note that from all affected countries (in terms of application of the
CET), only Ghana was shipping cocoa to EEC members under free trade
conditions; none of the South or Central American countries did so.
We would then expect trade in cocoa to be diverted (in terms of the
EEC market) from Ghana to benefited suppliers.

The least cost trade flows obtained as the solution to the reactive
programming procedure applied to Model 3 are reported in Appendix C
Table 9. It can then be seen that the above prediction of trade flows,
from Ghana to EEC members, being diverted to other consuming nations,
is confirmed. 1In fact, exports of cocoa from Ghana beccme more
diversified since. now fourteen markets are #he,deatinations as compared
with thirteen in Model 2; we observe thar the three African areas with
. preferential treatment in the EEC market (Ivory Coast, Cameroon, and
Other Africa Production) now cdncentrate their exports in tharc market.101
In fact, all EEC imports come from these three areas, with the exception

of a small shipment from Ghana to Belgium. Nigeria, that originally

101The preferential treatment given by the EEC to the three African
areas (two countries, and one region in our case) is so important in
our model that they export their entire production to that market, and
import their small consumption requirements from neighboring countries.
It should be mentioned that we obtained the solution to the model
including only the tariffs on the three countries cited (that is,
disregarding the EEC). Although a few of the resulting flows were -
different than in Mcdel 2, it is clear that the introduction of the EEC
is responsible for the changes mentioned in the text.
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(Model 2) was nct shipping to the EEC market, hés, however, its shipping
patﬁern more diversified after the introduction of that customs union.
Other areas, such as Latin America, Other Asia, and Other Oceania, which

originally did not participate in the EEC market, keep the same
shipping pattern as in Model 2,

The resulting effect on prices is en the upward direction in the
EEC market (as well as for the benefited producing areas), and on the
downwagd direction elsewhere. The consequence is that the variables
quantity supplied, exporrs, and exchange earnings (see Table 23), have
higher values for the three African regions benefiting from the EEC and
lower values for the remaining ones. On the other hand, consumption of
cocoa moves downward in the EEC and upward elsewhere, while expenditures
move upward in the EEC market and downward elsewhere (see Appendix C
Table 10). The basic result from Model 3 is that trade diversion
occurs after therintroduction of the EEC, but the volume of.trade is

practically not affec—ted.lo2

Model 4, Solucion with Tariffs and EEC's New Membership

The results to be obtained here will be referring to the situation
which became effective January 1, 1973, that ig, the expansion of EEC's
membership to include United Kingdom, Ireland, and Denmark., The likely
consequence of such expansion of the EEC, in terms of the cocoa trade,
will be the inclusion of Ghana and Nigeria among those countries

‘(Cameroon, Ivory Coast, and Other Africa Production, in our analysis)

lozwalter (1968, p. 540) argues that overall volume of trade
should not necessarily change with the creation of a customs union, but
only the direction of trade, which is in perfect agreement with the
results obtained in the solution to Model 3.



Table 23, Equilibrium values of production, exports, prices, and revenues, Model 3, 1980

Producing country

[

"t

(¢egion) Ptdduction Exports Prices Revenue
(millions of pounds) (cents/pound) - (millions of dollars)

Ghana 1,546.06 1,543,72 31.82 591.23
Nigeria 712,24 709.90 31.81 225.83
Ivory Coast 585.04 585.04 33.87 198,17
Cameroon 307.98 307.98 33.79 104.06
Other Africa Production 220.46 220.46 33.79 74.48
Brazil 374,18 278.24 31,89 88,72
Ecuador 154,32 131.55 32.11 42,24
Venezuela 55.12 i4.11 32.09 4.53
Mexico 57.32 7.50 32,21 2,42
Dominican Republic 83.77 74.71 32,12 | 24,00
Other America 112.43 ' 33.67
Other Asia 39.68 34.18
Other Oceania 79.37 65,68 32.48 21.33
Total 4,327.96 3,938.89 1,277.01

£ST
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enjoying preferential treatment (non-application qf the Common External
Tariff) in tﬁe EECrmarket; we will thus be assuming that Ghana and
Nigeria will become_participants in the Yaounde Conventioﬁ,lo3 with a
view of obtaining the equilibrium solutions to Model 4,

In terms of movement of ¢ocoa in . international trade, Model 4
implies that no African producing nation (in our model) is discriminated
against with the application of the Common External Tariif; only
producing_nations from other continents can argue as being negatively
affected by that policy. However, we recall, from the solution of
Model 2 (free-trade), that no producing areas (besides African ones)
included in the analysis had shipments of cocoa to EEC member countries.
In other words, we would expect that the expansion of the EEC, as
assumed in Model 4, would represent a change in the cocoa trade towards
the pattern prevailing in the free trade conditions of Model 2. The
ad valorem tariffs Prevailing in Japan and Austria-Switzerland, hawever,r
are the same.as those of Model 3 above,

The least-cost trade flows cbtained in the solution, with the
modifications assumed in Model 4, are presented in Appendix C Table 11,
A comparison of these trade flows with those of Model 2 (Appendix C
Table 7) shows the identity of most of the flows, with only minor

differences in quantities caused by the presence of tariffs (ad valorem)

103The situation at present is still uncertain in this respect:
Ghana and Nigeria have been offered participation in the Yaounde
Convention but have not decided as yet. The alternative to them would
be a trade agreement with EEC's member countries involving preference
quotas (European Economic Community Tariff Changes, 1973, p. 7).
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in the two countries mentioned above. At least for cocoa then, the
expansion of the EEC would seem to be 2 move tcward the pattern of
trade dictated by free trade conditions. Table 24 reports the
equilibrium values ¢f prsduction, exports, prices, and revenues. - As
it would be expected from the above considerations, these values are
very similar to those under free trade, although we observe a very
small qownward adjustment in prices and quantities resulting from the
tariffs of Japan and Austria-Switzerland. The similarity is also
present on the demand side of the.cocoa economy (Appendix C Table 12)
with prices at the consumprion centers slightly lower than under free
trade, and quantities consumed, consequently, slightly higher (the
exceptions being the two centers with tariffs, Japan and Austria-

Switzerland)c

Comments on the Two Models Including Trade Restrictions

It was mentioned in Chapter 3 that suggestions have been presented
for the elimination of tariffs and oﬁher Earriers to the free movements
of goods in international trade, as a means of increasing the exchange
earnings and income levels of less developed countries. The analysis
above presented however, suggests that, at least for the case of
cocoa, the increase in foreign exchange earnings resulting from the
elimination of tariffs is of a very small magnitude (slightly over
one million of dollars when moving from Model 4 to Model 2). 1t is
true however that the above figure should be an underestimation of the
possible increase in foreign exchange earnings; the reason for such
a belief is rélated to the fact that the list of countries (and their

tariff rates) presented in Table 22 is not a comprehensive one, and



Table 24. Equilibrium values of production, exports, prices, and revenues, Model 4, 1980

Producing country

Production Exports

(region) Prices Revenue
(millions of pounds) (cents/pound) (millions of dollars)
Ghana 1,572,45 1,570.13 32,35 507.92
Nigeria 722.60 720.28 32.33 232.86
Ivory Coast 559.95 558,77 32,37 180.86
Cameroon 282,95 281..77 32.29 90,97
" Other Africa Production 220,31 219,13 132,28 70.73
Brazil | 379,90 284 .66 32.40 92.23
Ecuador 154.32 131.68 32.53 42.83
Venezuela . 55.12 14.42 32.62 4.70
Mexico 57.32 7.80 32.63 2.54
Dominican Republic 83.77 74.78 32.64 24,41
Other America 112,43 34.18
Other Asia 39.68 34,61
Other Oceania 79.37 - 65.76 32.90 21,64
Total 4,320.15 3,929.18 1,271.69

96T
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also because non-tariff barriers (import quotas, for instance) may exist
in some of the countries (mainly with respect to cocoa products), It

is doubtful however, that the Potential increase in exchange earnings
from cocca would be large enough to Justify the interest of less-
developed countries concerning specific trade negotiations. Even if

the gain in exchange carnings is ten times as large as our prediction,
that magnitude constitutes less than 1 percent of their total earmnings
from cdcoq (as predicted above).

Wheén comparing the results obtained with Model 3 with those of
Model 2 (free-trade), it is clear that the EEC is contributing for an
increase of 34 millions of dollars in the exchange revenue of the three
African regions benefiting from the customs union (a decrease in
revenue occurs for the other countries)., Model 4 however (which is
closer to the situation likely to prevail in the near future) would
tend to correct this pattern by makiné the trade in cocoa moﬁe closer
to a free-trade situation (as in Model 2).

Thus, the potential for further éainé to developing countries
from tariff reductions (or eliminations) for. cocoa beans and products
appears to be small. As pointed out in Food and Ag;iculture Organization
of. the United Nations (1972), the last ten years can be identified as
the period for the most important reductions in tariff rates. One
development was the Kennedy Round of Tariff Reductions, and the other
was the introduction of the Generalized System of preferences for

products originatihg in developing countries.
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Solutions with an Intermational Cocoa Agreement

At this point we recall that the second objective of this analysis,
as stated in Chapter 1, involved the specifié consideration of an
iﬁternatlonal ccloa agreement; the goal of producing countries would
be one of maximizing income or revenue earnings from cocoa. The
distinction between these two cases was-presented in Chapter 3, and
relates. to the fact that the maximization of total revenue does not
imply a fuil exploitation of monopoly power.

As mentioned earlier, one approach to the question of an
international cccoa agreement to be pursued here will involve downward
adjustments in preduction and exports omly for the five leading cocoa
producing nations. These countries (Ghana, Nigeria, Ivory Coast, Brazil,
and Cameroon) are the same five involved in the formation of the
unsuccessful Cocoa Producers Alliance of 1964, and they, together, had
close to 80 percent of wocrld production as an average for the period
1965/66 to 1969/70. However, the participation of all other producing
countries will be assumed when obtaining the equiilibrium solutiomns,
although no downward adjustment in production or exports will be
occurring for them in our initial models.lo4 An alternative appreach
will be considered next, the only difference being that, reductions in
production and exports for the eight smaller countries (or regions) will
be intreduced. In addition, an attempt will also be made to determine,

at least in an approximate way, the production and export levels that

104As previously mentioned, the inclusion of consuming nations as
members of the agreement is not necessary to obtain the equilibrium
solutions. They may be important, however, for an effective poliéing
of an actual agreement.
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would, under certain conditions, maximize total foreign exchange revenue

for the five leading producing nations.

Model 5. Cocoa Agreement: Only Five Countries Reduce Jutpuc

This is the approach to a cocoa agreement mentioned above where oniy
Ghana, Nigeria, Brazil, Ivcry Coast, and Cameroon will carry the respon-
sibility of a reduction in their cocoa output (and exports). The other
producing nations (or regions, in our analysis}, that is, Ecuador, Other
Africa Production? Venezuela, Mexico, Dominican Republic, Other America,
Other Asia; and Other Oceania, will participate in the agreement but will
- suffer no reduction in their cocoa cutput. The interesting point about
such an arrangement 1is that it may set a lower bound for the gains to be
had (by cthe above five nations) from such a type of restriction scheme.
If this lower bound is a favorable one for these five countries, less
difficulties may be involved in an actual process of negotiating the
establishment of individual export quotas.

The equilibriuﬁ values in which we are intefested (in this type of “
market arrangement) are those of the same variables considered in Model 1
through 4, that is, prices, production, exports; consumption, imports,
revenues, expenditures, and trade fiows.lo5 The procedure to obtain the
above equilibrium values will not be a direct one; rather, two steps will
be involved. The first step will involve the substitution of marginal
revenue functions (Seale and Tramel, 1963, p. 57) for the demand
functions used so far (those presented in Appendix C Table 3) when

obtaining the solutions by the use of reactive programming. This

105Trade flows and information about consumption will not be reported

for each alternative to be considered; rather they will be presented only
for one alternative, one with good possibilities of acceptance by the

countries involwved.
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procedure is consistent with our first approach, that is, producing
countries acting together in an attempt to exploit their collective
monopoly power in the cocoa market. The results obtained after such
substitution will provide us with the optimum output levels for the five
leading producing countries (since the other eight will have fixed

-supplies), that is, after allowing for the spatial nature. of the problem,
marginal costs are equated across countries. The second step will involve
using these levels (of step one) of equilibrium output (or alternative
levels fo be discussed later) as input data for a new solution procedure,
that is, a reactive programming solution with fixed supplies in all
producing countries (or regions). This second solution will then
provide us with the equilibrium values for exports, consumption, imports,
revenues, expenditures, and flows.106 In what follows two alternative
situations for an international cocoa agreement will be presented.

Model 5A: This will be the model representing the situation where
the same output levels obtained in step one, for each of the five leading
countries(the ones reducing their output as a consequence of the
agreement), are used as the tespective fixed supplies in step two.

This model could then be identified with a situation where, althﬁugh
the agreement is operative, the condition for efficiency in world cocoa
production 1s repeated (a minimum amount of resources would be used in
the aggregate). Information about the resulting equilibrium values of

production, exports, prices, and foreign exchange revenues are presented

106This two step procedure to obtain such equilibrium values is
considered to provide a more realistic situation in contrast ro one
resulting from the application of only the first step:; this last one
would be a price discrimination model, with the resulting incencives
for arbitrage activities to develop in the market,

i
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in Tabie 25; it is immediately apparent that price of cocoa beans is
more than dcubled in relation té the price level prevailing in Model 2
(free-trade). Quantity supplied is, of course, lower for all five
countries; in proportion terms, the reduction is quite similar for Ghana,
Nigeria, Ivory Ccast, and Brazil (approximately, 50, 44, 47, and 46
percent, respectively). Cocoa output in Cameroon, however, is only
7 percent of the free trade production level. It also must be mnoted
;hat foréign exchange revenue from ¢ocoa exports is increased (in the
aggregate) by more than 400 millions of dollars (in relation to the
level of Model 2), an increase of almost ome-third in relation to the
free trade revenue.

With respect ‘to exports of cocoa beans, Table 25 shows tﬁe oprtimum
exports for all countries involved: the five leading nations have down-
ward‘adjustments in their exports in relaticn to Model 2, while the eight
smaller countries (regions) increase their exports, This last result isr
a direct consequence of monopoly prices prevailing and lower. domestic
consumption. Exchange earnings on the other hand increase for all
producing nations with the exception of Cameroon; the smaller nations
are, however, the largest beneficiaries from such arrangement, with the
.increase in their aggregate revenue being in excess of that occurring co
the five leading countries (301 and 111 millions, respectively). These
considerations point in the direction that the values referred to above
for such a key variable as exports are very unlikely to be acceptablé

(for export quotas) to all participating countries.lo7 The gains from

07A possible alternative at this point refers to the application
of an exporc tax in the case of the five leading countries, in an
attempt to approximate the above results; negotiation among the five
would then establish a scheme for distributing the proceeds (see
Footnote 29, Chapter 3).



Table 25, Equilibrium values of production, exports, prices, and revenues, Model 5A, 1980

Producing country

{region) Produckion Exports Prices Revenue
{(millions of pounds) (cents/pound) (millions of dollars)
Ghana 184,06 782.96 12,92 570.92
Nigeria 407.13 406.03 72.89 295.97
Ivory Coast 297.10 ‘ 296,33 72.94 216,14
Cameroon 20.30 19,53 72.86 14,23
Other Africa Production 220.45 219.67 72.84 160.02
Brazil 204 .54 164,10 72.95 119,71
Ecuador © 154,32 144,62 73.01 105.58
' Venezuela 55.12 37.99 73.16 27.79
Mexico 57.32 36.55 73.18 26.75
Dominican Republic B3.77 80.05 73,20 58.60
Cther America 112.43 _ 45,75 73.20 33.49
Other Asia 39.68 3.12 713.47 2.29
Other Oceania - 79.37 73.46 73.38 53.90
Total - 2,515.58 2,310.16 1,685.39

91
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the agreement would be too unevenly distributed among the countries to
generate an unanimous support for it (Cameroon would actually experience
a considerable decrease in production, exports, and exchange revenue),
An attempt will be made later to correct this imbzlance by introducing
output reduction also for the eight smaller countries.

Model 5B: Since the results (in terms of export levels) obtained
with Model 5A were considered unlikely to be adopted in a potential
cocoalagreement, the present model will be an alternative to be
considered. Its basic difference in relation to Model 5A will refar
to a different allocation (for the leading five nations) of cocoa
production, although the aggregate (for 13 countries or regions)
production is the same as that obtained in the previous model. In an

“attempt to make the gains from an agreement more evenly distributed
among the five leading producers (agd probably increasing thg chances
of its acceptance), the production level for these nations was set at
approximately 48.7 percent of their free-trade output; this proportion
is consistent with the reducticn necessary to restrict output at the
aggregate level of Mddel 5A above.

The results obtained (on the supply side) with the application
of a fixed supply type of reactive programming procedure are reported
in Table 26. As mentioned above, we observe that the gains in exchange
earnings, which in Model 5A were accruing to four leading countries
(with the exclusion of Cameroon, which had a loss), are now distributed
among the five leading producers (that is, with the inclusion of
Cameroon): their aggregate increase in revenue {over the free-trade

situation of Model 2) is approximately 111 millions of dollars. For



Table 26, Equilibrium values of production, exports, prices, and revenues,. Model 5B, 1980

Producing country

(region) Production Exports Prices Revenue
(millions of pounds) (cents/pound) (millions ot dollars)

Ghana 765.79 /64,69 72.92 557.60
Nigeria 351.87 350.76 72.89 255.66
Ivory Coast 272.64 271.87 72,93 198,28
Cameroon 137.81 137.04 72.85 99.83
Other Africa Production 220.46 219.69 72.85 160.04
Brazil 185.02 144,59 72.96 105,50
Ecuador 154,32 144,62 73.01 105,58
Venezuela 55,12 38.00 73.17 27,81
Mexico 57.32 36.57 73.20 26.77
Dominican Republic 83.77 80,06 73.21 58,61
Other America 112,43 45.76 73.20 33.50
Other Asia 39.68 3.12 73.47 2.29
Other Oceania 79,37 73.45 73.38 53.90
Total - 2,515.59 2,310.22 1,685.37

7T
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individual countries, the increase in exchange earnings (again, over
their free-trade levels of Table 21) is slightly less than 10 percent
for the major African countries and 11.4 percent for Brazil.

With the exception of these changes, the results obtained with
Model 5B are very similar to those of Model 5A. This is to be expected,
however, since the only changes introduced were those of production
levels in the five leading producing nations, with aggregate monopoly

output remaining the same.

Model 6. Cocoa Agreement: All Countries Reduce Qutput

One of the main characteristics of the results obtained with
Model 5 was that the eight smaller cocoa producing nations {or regions)
were able to obtain a larger part of the increase in revenues than the .
leading producers. The reason for this unbalanced distribution of the five
gains is that these smaller countries {regions) did not experience any
reduction in output in the applica;ion of the reactive programming
procedure, As a iesult, their exports were increased as compéred with
the levels prevailing in free-trade Model 2, since domestic consumption
was decreased with the higher prices which resulted. We mentioned that
the alternatives presented under Model 5 would probably provide us with
a lower bound estimate ﬁf the gains to the five leading countries.108
The increase in exchange earnings to the five countries reducing their

output and exports was, in that case, close to 110 millions of dollars

Annually, or 10 percent of their revenue under free trade (Model 2).

108A somewhat still lower bound would be obtained by an arrangement
similar to the Cocoa Producers Alliance, where no participation of the
elght smaller countries (regions) would be involved.
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The alternative to follow will present a more favorable situation for
the five larger producers, since output reductions will alsoc be.
introduced for the smaller countries (regions).

The basic change inrroduced in Model 6 refers to a 30 percent
reduction in the ocutput levels of the eight smaller producing countries
(regions) when starting the programming solution (i.e., as input data).109
The same two-step procedﬁre described in Model 5 was repeated here to
obtaiﬁ the equilibrium cutput and exports for the five leading producers
(these with supply functions). A solution similar to that described
for Model 5A was obrained but is nor presented here since the same
characteristic of uneven distribution of revenue gains of Model 5A was
present here. Model 6 will then describe a situation similar to Model 5B,
tha; is, the aggregate output obtained in step one was maintained but
the output levels for the five leading nations were set at approximately
34.4 percent of their free-trade production; a fixed suppl& type of
reactivé programming procequre was then used to obtain the equilibrium
values for the remaining variables.

The results obtained on the supply side are presented in Table 27,
The increase in aggregate exchange revenue (over the free—trade
situation of Model 2) is 412 millions of dollars, of which 274 millions
of dollars- are accruing to the- five -producing ‘nations. In
proportion terms these figures represent a 25 percent increase

in:. foreign revenue for the five leading ‘countries, and

109The reduction .of 30 percent is only intended to be illustrative.
However, it appears to be a reasonable figure when compared with the
output reductions for the five leading countries in Model 5A, 5B and the
present one.



Table 27. Equilibrium values of production, exports, prices, and revenues, Model 6, 1980

Producing country-

(region) Production Exports Prices Revenue
(millions of pounds) (cents/pound) (millions of dollars)
Ghana 855.17 854.09 73.78 630.15
Nigeria 392,95 . 391.87 73.76 289.04
Ivory Coast 304.47 303.71 73.79 224,11
‘Cameroon 153,93 153.16 73.71 112,90
Other Africa Production 154.31 153,55 73.72 113.19
Brazil 206.63 167.37 73.83 123.56
" Ecuador - 108.02 98.59 73.87 72.83
Venezuela 38.58 21,96 74,03 16.26
Mexico 40,12 19.98 74.07 14,80
Dominican Republic 58.64 55.04 74.07 40.76
Other America 78.70  14.03 74,07 10.39
Other Asia 27.78
Other Oceania 55.56 49,81 74.24 36.98
Total 2,474.86  2,283.16 1,684.97

9T
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83 percent increase for the remaining nations (or regions). It then
appears that, even in terms of Tevenue earnings, the five larger
producers (Ghana, Nigeria, Ivory Coast, Cameroon, and Brazil) have a
considersble gain with the agreement, at the same time that the gains
in revenue for the smaller nations (138 millions of dollars), although
'decreased in relation to Model 5B, are more in line with their importance
as cocoa producets.l 0 In terms of the five individual producing
nations, the increase in exchange revenues with Model 6 represents
24 percent of the free-trade levels for the four African éroducers,
while for Brazil the same proportion is 34 percent.lll

It appears that the situation described by Model 6 has more chances
of "adoption than the others so far considered; it presents a more
balanced picture of the cocoa economy in terms of output reduction and
- also with the gains more evenly distributed among producing nations.
As a result, ﬁe present the.resulting information about flows and the
consumption side in Appendix C Tables 13 and 14. It can be noted (after
comparing with the results in Appendix C Table 8, the free~tra&e.
situation) that the countries experiencing increases in their total
expenditures on cocoa are United States, Australii, Belgium, France,

West Germany, Denmark, and Italy, which had the demand curves with the

110The share in total output in Model 2 (free-trade) for the eight
smaller producing nations (regions) was approximately 19 percent; their
gain in toral revenue.in Médel 6 is one-third of their free-trade level.

111The greater proportional gain for Brazil is explained by the
higher level of Brazil's demand curve when compared to those of African
countries, and consequent larger absolute reduction in consumption
with the price rise,
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lowest price elasticities in absolute value (see Table 13). Netherlands
and Japan which had a price-elastic demand curve for cocoa have, as

expected, a lower total expenditure on cocoa imports,

Model 7, Cocoa Agreement: Maximizing Total Revenue

It was previously menticned that the goal of the agreement's
member countries may be one of maximizing foreign exchange revenue from
cocoa, rather than one of profit (income) maximization, as discussed in
previous sections. From the theoretical discussion of Chapter 3 we
would expect that by seeking the above goal, export quantities would be
increased and cocoa prices would be decreased. The situation to be
presented here will be one where the goal of the five leading member
countries is one of maximizing their aggregate total revenue112 from
cocoa but subject to the condition that output levels for the eight
smaller nations are the same as those prevailing in Model 6 (that is,

a 30 percent reduction in relation to their free-trade output levels
of Model 2), 1In ofher words, the output levels of the five leading
producers will be changed113 in the downward direction (equal reductions

for all five with respect to levels of Model 2) until maximum aggregate

112‘I'he application of the reactive programming solution procedure

will allow us to maximize aggregate revenue from cocoa and not foreign
exchange revenues; this is so because the domestic sector will also be
included in the procedure. For the four African nations {(included
among the five leading producers) the difference will be very small
(because of their excremely low consumption)) but not necessarily so
for the case of Brazil.

113The process used was a trial-and-error one where outputs (of the
five countries) were set at different levels until the output maximizing
aggregate revenue was located. Since the spacing of each individual
country’'s output in the relevant range was 2.5 percent, our results must
be considered only as an approximation and will be used enly for
i11lustrating this type of arrangement.
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revenue is attained. This will allow us to make an attempt at comparing
the obrained results with those of Model 6, where the monoﬁoly power is
fully exploited by these five countries given a 30 percent reduction in
the output levels of the eight smaller areas. The comparison, however,
will be limited to the situation involving only the five larger
producers (Ghana, Nigeria, Ivory Coast, Eameroon, and Brazil), since
they will be the ones experiencing changes in their output leve.ls.l14

The results obtained with the solution by the reactive programming
ﬁethod are reported in Table 28. ‘As expected, aggregate production and
exports are at higher levels than in Model 6 above, while producers'
prices are approximately 22 percent lower; aggregate foreign exchange
revenue for the five leading nations, on the other hand, is increased
by 98 millions of dcllars, which is about 7 percent of their aggregate
revenue under the monopoly situation of Model 6:115 Output levels for
the five major producers are at 75 percent of their free-trade output
but well above the levels prevailing in the ﬁonopoly situation of Model 6.
In addition, foreign exchange revenues for Ghana, Nigeria, Ivory Coast,
Cameroon, and Brazil are increased by 46, 21, 17, 8, and 5 millions

of dollars, respectively (as comba;ed with the levels of Model 6),

114It should be emphasized that the specific objective being used
in this medel, that is maximizing the five leading nations' aggregate
revenue from cocoa given that the output levels of the eight smaller
areas are kept at their levels in Model 6, is only one of several
possible alternacives. 1In addition to it, we might mention one of
maximizing the same aggregate revenue given that the output of the above
eight countries is kept at their free trade levels (Model 5B), or yet
maximizing aggregate revenue with no constraint in the output of any
country (i1.e., equal reductions for all).

115The increase in total revenue (including the domestic sectors)
is somewhat higher, 105 millions of dollars.



Table 28. Equilibrium values of production, exports, prices, and revenues, Model 7, 1980

Producing country

(region) Production Exports Prices Revenue
(millions oi pounds) (cents/pound) (millions of dollars)

Ghana 1,179.88 1,178.31 57.44 676.80
Nigeria 542.17 540.60 57.42 310.42
Ivory Coast 420.09 419.16 57.46 240.83
‘Cameroon 212.37 211.44 57.39 121.35
Other Africa Production 154.32 153.39 57.39 88.03
Brazil 285.09 223.74 57 .48 128.62
Ecuador 108.02 93.37 57.54 53.73
Venezuela 38.58 12.46 57.70 7.19
Mexico 40,12 8.39 57.72 4,84
Dominican Republic 58.64 . 52,91 57.73 30.55
Other America 78,70
Other Asila 27.78
Other Oceania 55.56 46,73 58.05 27.13
Total 3,201.31 2,940,50 1,689.49

LT
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which represents approximately an increase of 7 percent for the African

nations and 4 percent for Brazil.116

Welfare and Revenue Comparisons

The last section of Chapter 3 presented a framework for analyzing
the welfare aspects of an international cocoa agreement as compared
with a free-trade situation; Figure 5 at that point was intended to
show the possible gains to a representative country {any one among
the five leading ones, that is, those with supply functions rather
than a fixed supply) from the type of market agreement involving an
international cocoa agreement, We were then able to show the economic
surplus accruing to such representative country with free-trade and
under a cocoa agreement. By subtracting the former from the latter
(for each of the five countries involved), we would obtain a measure
of the change in welfare taking place.

All the information necessary for obtaining the above measure
of welfare change (in terms Qf the reievaﬁt areas of Figure 5) was
obtained and presented in our discussion concerning Models 2, 5B, 6, and

117

7. As a result, Table 29 presents the figures we obtained when

comparing the two types of market arrangements for cocoa in welfare

116Since output levels for the eight smaller areas remained fixed
at the levels of Model 6, and with lower prices prevailing, we have
the result of higher domestic consumption and lower exports:
consequently exchange revenues of the smaller areas are decreased.

117Information about supply prices necessary for the necessary
computations can be cbtained by solving the supply functions in
Appendix C Table 4 with the appropriate quantities,
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Table 29. Measures of welfare change in millions of dollars with an
international cocoa agreement, 1980

Country (region) Model 3B Model 6 Model 7
Ghana 245,24 302.56 281.11
Nigeria 106.17 132.84 122.63
Ivory Coast 35,17 105.81 98.68
Cameroon . 49.04 58,19 51,25

Brazil 30.93 44,90 49,27
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terms.lls, Table 30, on the other hand, ié only summarizing the infor-
mation about foreign-exchange revenues for the same countries and models
(that is, revenue under free trade subtracted from those of Models 5B,

6 and 7), that is already known at this point.

The resuits for the measure of welfare change in Table 29 shows
fhat considerable gains can be made by the leading producing nations
from an incernational cocoa agreement which would exploit the collective
monopoly power of cocoa producers. The thrée larger producers, Ghana,
Nigeria, and Ivofy‘Coast,lhave, in Model 6, increases in welfare valued
at more than 100 millions of dollars with the one for Ghana, in par-
ticular, in excess of 300 millions of dollars. Although these three
models are not intended to be a comprehensive coverage of the
possibilities under an intefnational cocoa agreement, they at least

119

show that considerable gains in welfare can be achieved. Model 6

llsAn exact welfare comparison between Models 6 and 7 is not

possible with our formulation because, in both cases, marginal cost of
cocoa production is not equalized across the five countries considered;
the consequence is that each country's output is not at the optimum
levels (the outputs that would result from the first step mentioned in
Model 6 for instance). This is the reason for the measure of welfare
change for Brazil to be greater in Model 7 than in 6, since Brazil's
output level in Model 6 is below its oprimum level (as given by the
first step of the procedure). By using the correct output and supply
price the situation is reversed, that is, the measure of welfare change
in Model 7 is lower than in 6. An indication that aggregate welfare
(for the five countries) is less with Model 7 than with Model 6 can be
obtained by comparing the sum of the two relevant columns in Table 29,

1195pecial situations can be solved by the member countries; for
instance, the case of Brazil as mentioned in the previous footnote,
may call for a higher ouctput level and exports than that reported in
Model 6. Although not indicated in Table 29, it should be interesting
to note that by adopting Model 5B instead of 5A (with efficient allo~
cation of cocoa beans production) aggregate welfare of the five major
countries is decreased by slightly less than five millions of dollars;
this magnitude is less than 1 percent of the aggregate welfare gain
- obtained with Model 5B. '
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Table 30. Foreign-exchange revenue changes in millions of dollars
with an international cocoa agreement, 1980

Country (region) Model 5B Model 6 ! Model 7
Ghana | 49.21 121.76  168.41
Nigeria ' 22.59 55.97 77.35
Ivory Coast 17.31 43.14 59.86
Cameroon 8;75 -21.82 30.27
Other Africa Production 89.26 42,41 17.25
Brazil 13.13 31.19 36.25
- Ecuador 62,72 29.97 10,87
Venezuela | 23.10 11.55 2.48
Mexico 24,22 12.25 2.29
Dominican Republic 34,19 16.34 6.13

Other Oceania 32.25 15.33 5.48
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in particular appears to be the one where the welfare gain to the five
leading countries is largest at the same time that increases in foreign
exchange revenue are experienced by all producing nations in a more
balanced pattern. This last point may be of importance. for the success

of negotiations leading to an agreement.



177
CHAPTER 7
SUMMARY AND CONCLUSIONS

This study was limited to a single commodity in international trade,
that is predicting various aspects of the world cocoa economy in 1980.
The importance of this commodity for several of the less developed
countries of the world was emphasized in-the introductory chapter,
mainly with respect to foreign exchange earnings, income, and employment.
Since cocoa'is an internationally traded commodity, interdependence
must be allowed for a full understanding of the market forces at work.
This implies that supply and demand relations should be introduced at
the same time that the spatial distribution of production and consumption
is considered.

In the last decade some developments eccurred in the world economy
with possible repercussion for the cocoa sector; the most important
ones can be identified as the creation of the European Economic
Community as well as its enlargement (with three more countries) as of
January 1, 1973, the movement toward trade liberalization (Kennedy Round)
and preferential tariff treatment to products from developing countries
(Generalized System of Preferences), and the renewed interest shown.by
producers of primary products in the arrangement known as international
commodity agreements. In such a context, a good decision making with
respect to economic policies of cocoa producing nations requires that
information be avallable concerning how the pattern of trade would be
affected by policy changes occu;ringfeither in. the production or in
the consumption sectors of the cocoa economy.

The first specific'objective of the analysis related to obtaining

estimates of prices, production, exports, consumption, revenues
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expenditures, and trade flows in the cocoa economy under the assumption -
of free-trade conditions prevailing in 1980. The assumption of
free-trade was relaxed in a second stage by introducing the existence
of tariffs on cocoa in some countries as well as the market arrangement
known as European Economic Community (EEC),

The second cbjective of the analysis was related to the formation
of a possible international cocoa agreement among producing countries
which wéuld involve reductions ip their output and exports. Estimates
of the variables mentioned above were to be obtained and comparisons
(in welfare and revenue terms) made with the market arrangements of
the first objective.

The spatial equilibrium framework in international trade was the
approach chosen with the objective of providing the equilibrium values
for the variables being considered, Chapter 2 presented therreactive
programming method as the specifiec spatial solution procedure to be
used in the analysis. Two intermediate steps were also required
before the equilibrium solutions could be obtained: they were first,
to cobtain estima;es of unit transportation costs for cocoa beans in
international trade, and second, to obtain estimates of cocoa demand
and.suéply functions for all countries in 1980.

Part of the second required step was the 'subject .considered in
Chapters 4 and 5. In Chapter 4 two models for estimation of demand
functions, one a partial adjustment model and one based on a polynomial
lag formulation, were presented. The same chapter presented a model
for estimating supply functions of cocoa also based on a polynomial

lag formulation. Chapter 5 reported the results of the estimation of
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demand functions in ten major consuming nations as well as of supply
functions for the five leading cocoa producers. The obtained results
were more satisfactory on the demand than on the supply side. As a
matter of fact, cnly c¢ne of the functions on the demand side (the one
for the United Kingdom) was considered to be unsatisfactory with both
models, such that an alternative technique was used. On the supply side,
on the other hand, three of the functions estimated were entirely
disregarded when obtaining the equilibrium solutions in Chapter 6
(the ones for Nigeria, Brazil, and Cameroon) because of the poor results
obtained, with an alternative estimating technique then being emploved.

Since the world cocoa economy in this analysis included 32 countries
(or regions), the alternative estimating technique was applied to obtain
the parameter estimates of the demand functions for the 23 remaining .
countries (or regions) as well as of supply functions for th;ee-countries
(plus the intercept term in Ivory Coast's function). The remaining eight
smaller nations on the supply side were agsumed to-héve a perfectly
inelastic supply function in 1980. The alternative technique mentioned
involved the use of point projections of cocoa consumption and production
for 1980 by the Food and Agriculture.Organization of the United Nations
(1971) and estimates of supply and demand elasticities, to obtain
estimates of the intercept and slope in the two respective functions.
Early in Chapter 6 we also considered the first step mentioned above,
by obtaining estimates of unit transportation cosfs for all pairs of
centers with the use of a simple linear regression of unit cost on
distance among pairs.

With the information obtained as the result of accomplishing

these two intermediate steps, the reactive programming procedure could
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then be applied for obraining the equilibrium solutions for the
variables of interest under the three types of market arrangements
for the world cocoa economy in 1980 as listed in our objectives.
Models 1, 2, 3, and 4 in Chapter 6 were concerned with obtaining
the equilibrium values of the variables, that is, prices, production,
exports, consumption, revenues, expenditures, and trade flows. The
first two models dealt with a freg—trade situation in 1980, and the
other two with a market arrangement including the existence of tariffs
and the European Economic Community (EEC). It was found that the
introduction of the EEC (the old membership) caused some changes in the
cocoa economy; wheﬁ comparing the results of Models 2 and 3, we observed
that trade was &iverted from Ghana to those African nations benefited by
the EEC policy (Ivory Coast, Cameroon, and Other Africa Production).
These results were, however, reversed in Model 4, where the assumption
was made that-Ghana and Nigeria would become signatories to the Yaunde
Convention and thus enjoy trade preferences from the enlarged EEC, The
overall volume of trade (exports) was practically unaffecged with the
introduction of tariffs and EEC, which pointed in the direction that
most of the gains to be obtained by producing nations from tariff
reductions or removals were already made during the 1960's. Total
exchange revenues were slightly below 1.3 billion dollars which is
practically double the value prevailing as an average for the period
1965-1969. Very similar figures were obtained in Models 2, 3, and 4.
Ghana is by far the largest cocoa producer as predicted by such models,
followed by Nigeria, Ivory Coast, Brazil, and Cameroon; Brazil then loses

to Ivory Coast the position of the third largest producer,
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The possibilicy of producing nations acting together to exploit
their collective monopoly power in the world market was introduced in
Models 5, 6, and 7 under different arrangements. It was found thac
produﬁing countries can make considerable welfare gains (including
the five major producers, althcugh Ghana, Nigeria, and Ivory Coast
are the ones to gain the most) at the same time thatr all producing
countries can increase their foreign exchange revenues. Mcdel 6 resulted
ig the more balanced distribution of the increase. With respect to
the increese in foreign exchange revenues, a better pérspective can be
obtained by comparing the annual increase of 412 millions of dollars
(Model 6 pver Model 2), with the estimate of revenue transfer to all
developing countries of approximately 100 millions of dollars resulting
from the working of the Generalized System of Preferences (Murray,
1973) based on 1971 conditions. The release of resources engaged in
cocoa production also must be considered as a positive contribution of
an international agreement to the process of économic development ,
although special adjustment policies might be required to facilitate.
the transition to other productive enterprises,

It should also be mentioned; however, that several difficulties
may be present not only during the negotiating process but afterward
as well. 1In the first case we should point to difficulties in reaching
an agreement among producers with respect to output and export levels,
in other words, the distribution of the gains. 1In addition, the
inclusion of consuming countries was considered earlier to be of
conslderable importance. in terms of effective policing of an agreement.

In a second stage, we also must mention the incentive created by the
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rise in price for increased investment in research and development with
;he purpose of obtaining substitutes for cocoa products. The
diétribution of quotas over vime and its relation to an efficient
allocation of resources in the cocoa sector should also be mentioned,
Our results only show that considerable benefits can be obtained by
producing.nations from such an agreement, but costs appearing now

and in the future should not be disregarded by these same countries

when reaching a decision concerning this important matter.
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Appendix A. The Elasticity of Demand for A Country's Export

Define
Qt = the world demand for imports of fhe product.
Qo = the quanticy exported by other sources besides the
country being examined.
QD =Q - Q , as the quantity demanded from the country

iﬁ question.

We, in addition, define the elaéticity of demand for the country's

export of the specifiﬁ product - (Kreinin, 1971, p. 354) as:

n =A_QE E_=A(Qt-q°). ’ (81)
x AP Q) AP Q - Q)
aQ, P AQ P.
T (@ -Q) 4P (Q -0

Multiplying and dividing the first term of -the right-hand inside by

Qt and the second term by Qo’ we obtain:

n = A g Q + Aq, P_ % 82)
x AP Qt (Qt - Qo) AP Qo (Qt - Qo)
AQt P
Since n = — — 1is identified as the world demand elasticity
8F Q. pq P
for the product, and €y = 332' 6— is the supply elasticity from other
o

sources, (82) can be rewritten as:

. (83)
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Q -Q '
Since s = —Ea———g ig the share of the country in question In the world
t
market for the product, we obtain the following final expression from
(83):
1 1-s
n.=n{=] - _—= .
" i3S ol 3 (84)

From (84) we can see that the elasticity of demand for the country's
product (in absolute value) is inversely related to its share in the
world market and directly related to the supply elasticity from other

sources.
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Appendix B. List of Countries Included in Producing

and Consuming Regions

Other Africa Production: Angola, Congo, Equatorial

Guinea, Gabon, Liberia, Madagascar, Sao Tome, Sierra

Other Africa Ne Production: Algeria, Gambia, Kenya,
Libya, Mauritius, Morocco, Mozambique, Reunion,
Rhodesia , Malawi, Zambia, Somalia, South Africa, Sudan,
Tunisia, United Arab Republic, Burundia, Dahomey, Mali,
Ethiopia, Rwanda, Uganda, Mauritania, Niger, Senegal,

Other America: Argentina, Bolivia, Chile, Colombia,

Ecuador, Guyana, Paraguay, Peru, Surinan, UTUguay,
Coasta Rica, El Salvador, Guatemala, Honduras,
Nicaragua, Panama, Caribbean Islands, Cuba, Haiti,

OtherrAsiaf Afghanistan, Cyprus, lran, Israel, Iraq,

Jordan, Lebanon, gsaudi-Arabia, Yemen, syria, Turkey,
Yemen Arab Republic, Ceylon, india, Nepal, Pakistan,
Burma, Khmer Republic, Taiwan, Hong-Kong, Indonesia,
Republic of Korea, Laos, Malaysia, Philippines,
Republic of Vietnam, China, North Korea, Mongolia,

Oother Oceania: New 7ealand, New Guinea and Papua,

NSFI: Norway, Sweden, Finland, Iceland.

Fastern Europe 1: Yugoslavia, Bulgaria, Rumania,

Region 5:

Leone, Tanzania, Togo, and Zaire.
Region 6:

Upper Volta, Chad, C. A. Republic,
_Region 14:

Jamacia, Puerto Rico, Trinidad-Tobago.
Region 16:

North Vietnam.
Region 18: ‘

Fiji, Western Samoa, Neﬁ'Hebrides.
Region 27:
Region 30:

Hungary, Albania, Greece.
Region 31:

fastern Europe 2° Poland, East Germany, Czechoslovakia.
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Appendix C. Data and Results of the Variables for the Cocca Economy
in 1980 '



Appendix C Table 1.

Estimares of income pér capita in 1980 by country
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l

Country Eqpationa i Y1980 R2 .D. W.

United States Y = 2,390.99 + 78.56¢t 4,748 0.92 0.5227
(35.62) (14.02)

Belgium Y = 922.87 + 51L.92t 2,480 0.96 0.3375
(29.98) (20.20)

Denmark Y = 587.06 + 85,24t 3,144 0.96 0.2782
o (11.95) (20.78)

Netherlands Y = 749.60 + 57.47t 2,474 0.98 0.7755
(29.97) (27.53)

Germany Y.=  659.42 + 83.60t 3,167 0.99 0.9931
(23.08) (35.04)

France Y =  664.93 + 70.47t 2,779 0.98 0.4372
(21.61) (27.43)

United Kingdom Y = 1,076.71 + 31.22¢t 2,013 0.98 0.9886
(84.08) (29.21)

Italy Y = 348.02 + 48.88t 1,814 0.98  0.2950
(17.00) (28.52)

Japan Y = 100.49 + 61.96t 1,959 0.94 0.2313
( 2.30) (16.95)

Australia Y = 1,298.95 + 41.17¢ 2,534 0.80 0.4761

(22.28) ( 8.46)

8The period covered 1s 1951-1970 for all countries; t values are

shown in parentheses.



196

Appendix C Table 9. Estimates of population in 1980 by country

Country | Equationa N1980 R | D. W.
(1,000)

United States N = 152,780.96 + 2,709,24t 234,058 0.996 0.1509
(327.60) (69.59)

Belgium N = 8,603.43 + 55.35t 10,264 0,995 0.5151
: {(776.36) (59.83)

Denmark N = 4,264.17 + 32.86t 5,250 0.998 0.3696
(947.02) (87.42)

Netherlands N = 10,026.83 + 149,55t 14,513 0.998 0.2513
(580.78) (103.77)

Germany N = 4&47,296.69 + 612.35t 65,667 0.997 0.5428
(502.03) (77.86)

Frénce N = 41,022.14 + 494,62t 55,861 0.990 0.2873
, (296.31) (42.80)

Italy N = 46,290,89 + 351,36t 56,832 0.989 . 0.2506

(441.00) (40.10)‘ -

United Kingdom N = 49,518.14 + 314,90t 58,965 0.984 0.2189
: (443.24) (33.77)

Japan N = 83,787.57 + 956.02t 112,468 0.997 0.3325
‘ {606.20) {82.86)

Australia N = 8,153.63 + 215.25t 14,611 0.999 0.6055

(645.01) (203.98)_

8The period covered for each country is 1951-1970; t values are
shown in parentheses.

v



Appendix C Table 3.

Cocoa demand functions for reactive programming

procedure

Country (region)

Demand functions

- Ghana
Nigeria
Ivory Coast

Cameroon

Qther Africza Production

Other Africa No Productrion

Brazil

Ecuador

Venezuela

Mexico

Dominican Republic

United States?

Canada
Other America

Japana

Other Asia

Australiaa

Other Oceania

Belgiuma

a
France

(a)
(b)

(a)
(b)

(a)
(b)

(a)
(b)

(a)
(b)

L0 0O O O O OO0 L0 O L0 o o L0 £ ol Po Lo L Po LO £ L ~ L

nn ]

It

o ]

li

3.29

3.29

1.50

1.50

1.50

10.50

138.89

33.08
59.52
72,75
13.23

1,260.47
1,349.77

168.65
234.79

219.13
264,32

128.97

66.94
65.13

19,85

82.04
71.49

285,96
334,88

0.03pP
0.03pP
0.01P
0.01P
0.01pP
0.10P
1.35P
0.32P
0.58p
0.71P
0.13P

7.91P
7.16P

1.64P
2.29p

2.37P
3.00P

1.26P

0.23P
0.25P

0.19?7

0.23p
0.26P

0.79P
1.75P
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Appendix C Table 3 {continued)

Country (reglon) | Demand functions
West Germany? _ (a) Q= 671.90 - 4.03p
(b) Q= 675.17 - 2.99P
Denmark® (a) Q= 33.23 - 0.19?
(b) Q=. 41.12 - 0.14P
Italy Q= 108.95 - 0.17P
Netherlands? (a) Q= 103,52 - 2.02P
' (b) Q= 180.73 - 2.11P
United Kingdom Q= 433.05 - 4.42P
Ireland Q= 23,15 - 0.23P
NSFI Q= 95.90 — 0.93P
Spain and Portugal Q= 171.%6 - 1.67P
Austria and Switzerland Q= 142.20 - 1.,39P
Eastern Europe 1 Q = 188.49 - 1.84P
Eastern Europe 2 Q= 221,57 - 2.16P
Soviet Union Q= 575.40 - 5.61P

8\1ternative (a) corresponds to the Nerlove model and (b) to the
polynomial lag formulation.



Appendix‘C Table 4, Cocoa supply functions (fixed supplies) for

reactive programming procedure
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Country (region)

Supply function (fixed supply)

Ghana
‘Nigeria

Ivory Coast
Cameroon

Other Africa Production
Brazil

Ecuador

Venezuela

Mexico

Dominican Republic
Other Americé.
Other Asia

Other Oceania

Q-=
Q:

Q=

O =)
] ]

-45.20

70.55

20.26

-250.00

220.46
20.78
154,32
55.12
57.32
83.77
112.43
39.68

79.37

+ 50.42P
+ 18.57P
+ 16.49P

+ 16,33P

+ 11.64P




Appendix C Table 5.
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Trade pattern for cocoa beans in 1980, Model 1

Supply region

Consuming region

Shipments

Ghana

Nigeria

Ivory Coast

Cameroon

Other Africa Production

Brazil

Ecuador

Venezuela

Mexico

Ghana

Other Africa No
Belgium

West Germany
Denmark

United Kingdom
Ireland

NSFI

Spain and Portugal
Austria and Switzerland
Eastern Europe 1
Eastern Europe 2

Prod.

Nigeria
United States
United Kingdom

Ivory Coast
France

Italy
Netherlands
Eastern Europe 2
Soviet Union

Cameroon
Soviet Union

Other Africa Production
Canada .

Other Asia

Soviet Union

Brazil
United States
Other America

Ecuador
Japan

Venezuela
United States

Mexico
United States
Japan

(millions of pounds)

2.38
7.26
74.54
537.08
27.07
294,93
15.67
65.41
117.74
97.07
129.54
109.34

2.38
672.52
9.76

1.20
259.51
103.48

37.67
43.05
83.51

1.20
250.34

1.20
115.31
48.47
55.38

97.80
213.74
47.23

23.25
131.07

41,81
13.31

50.88
1.85
4.60



Appendix C Table 5 (continued)
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Supply region

Consuming region

Shipments

Dominican Republic

Other America
Other Asia

Other Oceania

Dominican Republic

~ United States

Other America
Other Asia
Japan

Australia
Other Oceania

(millions of pounds)

9.24
74.53

112.43
39.68
6.02

59.38
13.97




Appendix C Table 6. Equilibrium values of consumption, imports, prices, and expenditures, free trade
Model 1, 1980

Country (region) Consumption Imports Prices ) Expenditures
(millions of pounds) (cents/pound) (millions of dollars)
Ghana 2.38 - 30.45 0.72
Nigeria 2.38 - 30.43 0.72
Ivory Coast 1.20 - 30.47 0.36
Cameroon 1.20 - 30.40 0.36
Other Africa Production 1.20 - 30.39 0.36
Other Africa No Production 7.26 7.26 32.37 2.35
Brazil 97.80 - 30.51 29.84
Ecuador 23.25 - 30.61 7.12
Venezuela 41.81 - 30.70- 12.84
Mexico 50.88 - 30.72 15.63
Dominican Republie 9.24 . -, 30.73 2,84
United States 975.95 975.95 32.48 316.96
Canada 115.30 : 115.30 32.50 37.48
Other America 159.66 47.23 32.28 51.54
Japan : 141.69 141.69 32.95 46.69
Other Asia , 88.15 48.47 32.72 28.84
Australia 59.38 59.38 32.75 19.44
Other Oceania 13.97 - 30.98 4,32
Belgium 74.54 74.54 32,47 24,20
France ' : 259,51 259,51 32.40 84,09
West Germany 537.08 537.08 32.45 174.28
Denmark ' 27.07 27.07 ’ 32.52 8.80
Italy 103.48 103.48 32,41 33.54
Netherlands 37.67 37.67 32,42 12.21
United Kingdom 304,69 304.69 32.42 98.78
Ireland 15.67 15.67 32.47 5.09
NSFI 65.41 65.41 32.48 21.24
Spain and Portugal 117.74 117.74 ) 32.33 38.06

20z



Appendix C Table 6. (continued)

Country (region) Consunmption Imports Prices _ Expenditures
(millions of pounds) (cents/pound) (millions ot dollars)

Austria and Switzerland 97.07 97.07 32.41 31.46

Eastern Europe 1 129.56 129.56 32.48 42,08

Eastern Europe 2 152,38 152,38 32.48 49,50

Soviet Union 389,22 389.22 32.51 126.54

Total 4,103.77 3,706.37 1,328.30

€02
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Appendix C Table 7. Trade pattern for cocoa beans in 1980, Model 2

Supply region

Consuming region

Shipments

Ghana

Nigeria

Ivory Coast

Cameroon

Other Africa Production

Brazil
Ecuador

Venezuela

Mexico

Ghana

Other Africa No Prod.
United States

Belgium

West Germany

Denmark

Italy

Netherlands

United Kingdom
Ireland

NSFI1

Spain and Portugal
Austria and Switzerland
Eastern Europe 1

Nigeria
United States

Ivory Coast
France

Italy

Eastern Europe 2
Soviet Union

Cameroon
Soviet Union

Other Africa Productionr

Canada

Japan

Other Asia
Soviet Union

_Brazil

United States
Other America

Ecuador
Japan
Venezuela

United States

Mexico
Japan

(millions of pounds)

2.32
7.07
49,06
62.49
580.18
36.31
16.25
109.19
296.42
15.24
63.65
114.56
94.42
126.03

2.32
720.57

1.18
275.53
86.90
148.24
48.28

1.18
281.99

1.18
112.18
12.48
46.06
48.43

95.20
242.06
42.86

22.63
131.69
40.70
14.42

49.51
7.81

iy i, B it A et e b B T



Appendix C Table 7 (continued)
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Supply region

Consuming region

Shipments

Dominican Republic

Other America
Other Asia

Other Oceania

Dominican Republic
United States

Other America
Other Asia
Other Oceania

Australia
Japan

(millions of pounds)

8.99
74,78

112.43
39.68
13.60

56.46
9.31

PR -



Appendix C Table 8, Equilibrium values of consumption, imports, prices, and expenditures, free trade

Model 2, 1980

Spain and Portugal

34.23

" Country (region) Consumption Imports ' Prices Expenditures
(millions of pounds) (cents/pound) {millions of dollars)
Ghana 2.32 - 32.36 0.75
Nigeria 2.32 i 32.35 0.75
Ivory Coast 1.18 _ 32,37 0.38
Cameroon 1.18 32.30 0.38
Other Africa Production 1.18 - 32.30 0.38
Other Africa No Production 7.07 7.07 34.27 2.42
Brazil 95,20 - 32.43 30.87
Ecuador 22.63 - 32.55 7.37
Venezuela 40.70 - 32.62 13.28
Mexico 49,51 - 32.65 16.17
Dominican Republic 8.99 - 32,66 2.93
United States 1,100.90 1,100.90 34.39 378,65
Canada . 112.18 112.18 34.41 38.60
Other America 155.29 42.86 34.20 53.11
Japan 161.29 161,29 34.89 56.27
Other Asia 85.74 46.06 34.62 29.69
Australia 56.46 56.46 34.68 19,58
Other Oceania 13.60 - 32,92 4,48
Belgium 62.49 62.49 34.37 21.48
France 275.53 275.53 34.31 94,53
West Germany 580.18 580.18 34.35 199,30
Denmark 36.31 36.31 34,45 12,51
Italy 103.15 103.15 34.39 35.47
Netherlands ‘ 109.19 109.19 34.33 37.49
United Kingdom 296,42 296.42 34.32 101,74
Treland 15.24 15.24 34,37 5.24
NSF1 63.65 63.65 34.38 21.88
114.56 114.56 39,22 -

90¢




Appendix C Table 8 (continued)

Country (region)

Consumption Imports Prices Expenditures
(millions of pounds) (cents/pound) (millions of dollars)
Austria. and Switzerland 94.42 94.42 34.32 32.40
Eastern Europe 1 126.03 126.03 34.39 43.33
Eastern Europe 2 148.24 148.24 34.39 50.98
Soviet Union 378.69 378.69 - 34.41 130.29
Total 4,321.82 3,930.92 1,481.90

£0T
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Appendix C Table 9. Trade pattern for cocoa beans in 1980, Model 3

Supply region

Consuming region

Shipments

Ghana .

Nigeria

Ivory Coast

Cameroon

Other Africa Production

Brazil

Ecuador

Venezuela

‘Mexdico

Ghana

Ivory Coast

Other Africa No Prod.
United States

Canada

Belgium .

Denmark

United Kingdom
Ireland

NSFI

Spain and Portugal
Austria and Switzerland
Eastern Europe 1
Eastern Europe 2
Soviet Union

Nigeria

Cameroon

Other Africa Production
United States

Japan

Other Asia

Belgium
France.

West Germany
Italy
Netherlands

West Germany
West Germany .
Brazil

United States
Other America

Ecuador
Japan

Venezuela
United States

Mexico
Japan

(millions of pounds)

2.34
1.17
7.13
133.99
113.04
6.16
36.33
298.72
15.37
64.15
115.46
94,12
127.02
149.42
381.66

2,34
1.17
1.17

647.75

13.19

46.63

55.95
272.91
47.23
102.90
106.04.

307.98
220.46
95,93
234.17
44.08

22.717
131.55

41.01
14.11

49.82
7.50



Appendix C Table 9 (continued)
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Supply region

Consuming region

Shipments

Dominican Republic

Other America
Other Asia

Other Oceania

Dominican Republic
United States

Other America
Other Asia
Japan

Australia
Other Oceania

(millions of pounds)

9.06
74.71

112.43
39.68
9.11

56.57
13.67
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Appendix C Table 10. Equilibrium values of consumption,_imports, prices and expenditures, free trade
Model 3, 1980

Country (region) Consumption Imports. Prices Expenditures

(millions of pounds) (cents/pound) (millions of dollars)

Ghana 2.38 - 31.82 0.74
Nigeria 2.34 - 31.81 0.74
Ivory Coast 1.17 1.17 33.45 0.39
Camercon’ 1.17 1.17 33.46 0.39
Other Africa Production 1.17 1.17 33.46 0.39
Other Africa No Production 7.13 7.13 33.73 2,40
Brazil 95,03 - 31.89 30.59
Ecuador 22.77 - 32.11 7.31
Venezuela 41.01 - 32.09 13.16
Mexico 49,82 - 32,21 16.05
Dominican Republic 9.06 - 32.12 2.91
United States 1,104.73 1,104.73 33.86 374,04
Canada ‘ 113,04 113,04 33.89 38.31
Other America 156,51 44,08 33.67 52.69
Japan 161.36 161.36 34.44 55.58
Other Asia 86.31 46.63 34,18 29.50
Australia 56,57 56.57 34.24 19,37
Other Oceania 13.69 - 32.48 4.45
Belgium 62.11 62.11 35.82 22.25
France 272.91 272,91 35.80 97.70
West Germany 575.67 575.67 35.84 206,31
Denmark 36.33 36.33 33.84 12.29
Italy 102.90 102.90 35.81 36.84
Netherlands 106.04 106.04 35.81 37.97
United Kingdom 298,72 298.72 33.80 100.95
Ireland 15.37 15.37 33.79 5.19
NSFI 64.15 64.15 33.84 21.71

115.46 115.46 33.69 38.90

Spain and Portugal

012



Appendix C Table 10 (continued)

Country (region) Consumption Imports Prices - Expenditures
(millions of pounds) (cents/pound) (nillions of dollars)

Austria and Switzerland 94,12 94.12 33.78 31.79

Eastern Europe 1 127.02 127.02 33.85 42.99

Eastern Europe 2 149,42 149,42 33.85 50.58

Soviet Union. 381.66 381.66 33.87 129.27

Total 4,327.96 3,938.93 1,483.77

!

{

Ti¢



Appendix C Table 11.
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Trade pattern for cocoa beans in 1980, Model 4

Supply region

Consuming region

Shipments

Ghana

Nigeria

Ivory Coast

Cameroon

Other Africa Preduction

Brazil

Ecuador

Venezuela

Mexico

Ghana

Other Africa No Prod..
United States

Belgium

France

West Germany

Denmark

Italy

United Kingdom
Ireland

Spain and Portugal
Austria and Switzerland
Eastern Europe 1

Nigeria
United States

Ivory Coast
France
Netherlands
NSFI

Eastern Europe 2
Soviet Union

Cameroon
Soviet Union

Other Africa Production
Canada

Japan

Other Asia

Soviet Union

Brazil
United States
Other America

Ecuador

Japan

Veneéuela
United States’

Mexico
Japan

(millions of pounds)

2.32
7.07
49.76
62.50
85.38
580,22
36.31
103.15
296.49
15.24
114.59
93.37
126.06

2.32
720.28

1,18
190.17
109.24

63.66
148.28
47,42

1.18
281,78

1.18°
112.21
11.25
46.08
49.59

95.24
241.75
42.92

22.64
131.68

40,70
14,42

49,52
7.80



Appendix C Table 11 (continued)
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Supply region Consuming region Shipments
(millions of pounds)
Dominican Republic Dominican Republic 8.99
Uniced States 74.78
Other America Other America 112,43
Other Asia Other Asia 39.68
Other Oceania Japan 9.30
Australia 56.46

Other Oceania

13.61




Appendix C Table 12. Equilibrium values of consumption, imports, prices, and expenditures, free trade

Model 4, 1980

Country (region) Consumption Imports Prices Expenditures
(millions of pounds) (cents/pound) (millions of dollars)
Ghana 2.32 - 32,35 0.75
Nigeria 2.32 - 32.34 0.75
Ivory Coast 1.18 - 32.36 0.38
Cameroon 1,18 - 32.28 0.38
Other Africa Production 1.18 ~ 32.28 0.38
Other Africa No Production 7.07 7.07 34,25 2.42
Brazil 95.24 - 32.41 30.86
Ecuador 22.64 - 32.53 7.36
Venezuela £0.70 - 32.62 13.28
Mexico 49,52 ~ 32.63 16.16
Dominican Republic 8.99 - 32.64 2.93
United States 1,100.98 1,100,98 34,38 378.55
Canada 112.21 112.21 34,39 38.59
Other America 155.35 42.92 34.18 53.09
Japan 160.02 160.02 34.87 55.80
Other Asia 85.76 46.08 34.61 29.68
Australia 56.46 56.46 34.66 19,57
Other Oceania 13.61 - 32.90 4,48
Belgium 62.50 62.50 34,35 21.47
France 275.55 275.55 34.30 94.50
West Germany 580.22 580,22 34.34 199.23
Denmark ' 36,31 36.31 34.43 12.50
Italy 103.15 103.15 34.37 35.45
Netherlands 109.24 109.24 34,31 37.48
United Kingdom 296,49 296,49 34.31 101.72
Ireland 15.24 15.24 34.36 5.24
NSFI 63.66 63.66 34.37 21.88
Spain and Portugal 114.59 114.59 234.21 39.21

ar



Appendix C Table 12 (continued)

_Country (region) Consumption Imports Prices Expenditures
(millions of pounds) (cents/pound) (millions of dollars)
Austria and Switzerland 93,37 93,37 34.30 .32.02
Eastern Europe 1 126,06 126,06 34.37 43,32
Eastern Europe 2 148,28 148.28 34.37 50.97
Soviet Union 378.78 378.78 34,39 130.26
Total 4,320.15 3,929.18 1,480,67

stTe
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Appendix C Table 13. Trade pattern for cocoa beans in 1980, Model 6

Supply region

Consuming region

Shipments

Ghana

Nigeria

Ivory Coast

Cameroon

Other Africa Production

Brazil

Ecuador

Venezuela

Mexico

Ghana

Other Africa No Prod.
United States
Belgium

France

West Germany

Denmark

Ireland

Spain and Portugal
Austria and Switzerland
Eastern FEurope 1
Eastern Europe 2

Nigeria
United States

Ivory Coast
France

Italy
Netherlands
United Kingdom

Cameroon
France

NSFI

Soviet Union

Other Africa Production
Canada

Other Asia

Soviet Union

Brazil
United States

Ecuador
United States
Japan

Venezuela
United States

Mexico
United States

(millions of pounds)

1.08
2.93
68.63
51.74
49.80
454.69
30.52
5.73
45.55
36.92
49.35
58.23

1.08
391.87

0.76
70,15
96.11
21.08

116.36

0.76
T 82,93
25.31
44,92

0.76
44,29
5.53
103.73

39.26
167.37

9.43
66.21
32.38

16.62
21.96

20.14
19.98



Appendix C Table 13 (continued)
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Supply region

Consﬁming region

Shipments

Dominican Republic
Other America

Other Asia

Other Oceania

Dominican Republic
United States

United States
Other America

Other Asia
Japan

Australia
Other Oceania

(millions of pounds)

3.60
55.04

14.03
64.67

27.78
3.68

46.13
5.75




Appendix C Table 1l4. Equilibrium values of ‘consumption, imports,

Model 6, 1980

prices, and expenditures, free trade

Country (region) Consumption Imports Prices Expenditures
(millions of pounds) (cents/pound) (millions of dollars)
Ghana 1.08 - 73.78 0.79
Nigerla 1.08 ' - 73.76 0.79
Ivory Coast 0.76 - 73.79 - 0.56
Cameroon 0.76 - 73.71 0.56
Other Africa Production 0.76 - 73.72 0.56
Other Africa No Production 2.93 2,93 75.69 2,22
Brazil 39.26 - 73.83 28.99
Ecuador . 9.43 - 73.87 6.96
Venezuela 16.62 - 74,03 12.30
Mexico 20.14 - 74.07 14,91
Dominican Republic 3.60 - 74.07 . 2,67
United States 805.09 805.09 75.81 610,32
Canada 44,29 44,29 75.83 33.58
Other America 64.67 - 74.08 47.90
Japan 36.07 ' 36.07 76.21 27.49
Other Asia 33.31 . 5.53 76.05 25.33
Australia 46,13 46,13 76,01 35.06
Other Oceania 5.75 -~ 74.24 4,27
Belgium 51.74 51.74 75.74 39.19
France 202.88 202,88 75.72 153.62
West Germany 454,69 454,69 75.76 344.49
Denmark 30,52 30.52 75.78 23.13
Italy 96.11 96,11 75.73 72.79
Netherlands 21.08 21.08 75.74 15.97
United Kingdom 116.36 116.36 75.74 88.13
Ireland 5.73 5.73 75.74 4,34
NSFI 25.31 25.31 75.78 19.18
Spain and Portugal 45,55 : 45.55 75.64 34.45

81¢



Appendix C Table 14 (continued)

Country (region) Consumption Imports Prices Expenditures
(millions of pounds) (cents/pound) (millions of dollars)

Austria and Switzerland 36.92 36.92 75,72 27.96

Eastern Eurcpe 1 49.35 49,35 75.79 37.40

Eastern Europe 2 58.23 58,23 75.80 44,13

Soviet Union 148.66 148.66 75.81 112,70

Total 2,474.86 2,283.17 1,872.75

617
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