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Optimization Rules for Producer Groups in a Stochastic
 
Market Setting, with Application to the Copper and Tea Markets 
(summary) John M. Underwood 

X. Introduction 

A. International Producer Cartels 

The Organization of Petroleum Exporting Countries (OPEC) has 

been extremely successful as an international cartel. It has vaised 

substahtially the price of a primary commodity to the benefit of its 

members. The success of OPEC has generated a great deal of discussion
 

and controversy about the possibility of other international primary
 

commodity producer cartels.
 

Many people have argued that such cartels in the future will 

be the rule rather than the exception. For example, C. Fred Bergsten1
 

has stated that the criteria for the success of OPEC imitators are met by
 

a wide range of agricultural and mineral products. Others, however,
 

argue that the producers of few, if any, other commodities can successfully
 

form a cartel.
2
 

B. The Present Study
 

In spite of the intense argument over other OPEC's in our future, 

there have been irery few, if any, attempts to actually measure the 

expected return to a cartel set up by the producers of any .other primariy 

commodity. Therefore, the purpose of this study is to develop a 

framework within which to measure, at least to a first approximation, the 

expected return to a primary commodity producer cartel and to actually 

calculate, within this framework, the expected return to various proposed 

cartels. 

The results from this study can be compared with the assertions 

that are presently being made about -the possibility of the success of 
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such cartels. The experience gained here may suggest where more wor'k needs 

to be done to further refine and increase our ability to tell whether and
 

why primary commodity producer cartels might or might not succeed.
 

II. Commodity Markets Studied
 

A. Tea
 

Tea is a perennial tree crop that grows best in very warm, very
 

wet environments. The t~a plant takes about four years after planting to
 

produce significant output and has a total producing life of about fifty
 

years. Tea production is concentrated in a relatively small number of
 

countries, mainly in South Asia and Africa. The two major producers are
 

India and Sri Lanka. Together they account for more than half of current 

black tea production. Since Wold War II, tea production in East Africa 

has increased significantly. Tea consumption is also relatively concentrated. 

Almost half of the (black) tea produced is consumed in two countries, India 

and the United Kingdom. The United States, Canada and Australia are also
 

important tea consuming countries. 

The tea model estimated is an annual, linear simultaneous
 

equations model of the world (black) tea economy. Black tea is by far
 

more inportant than green tea in world trade. Green tea exports account
 

for only about ten percent of total tea exports. (Exports of green tea
 

from the traditional green tea consuming area are included in the supply of
 

tea from the rest of the world in the nodel.)
 

Demand equations are estimated for India, the United Kingdom,
 

the United States, Australia, Canada and the rest of the world. Demand is
 

assumed to be a function of the real price of tea, the real price of
 

coffee, real national income and population. These equations are estimated either by
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instrumnntal variables or a two-stage principal components procedure.3
 

Supply equations are estimated tcr India, Sri Lanka, East Africa, ndonesdA 

and the rest of the world. A partial adjustment model suggested by Fisher, 

Cootner and Baily was used°4 
The partial adjustment model results in
 
supply equatinns in which current supply depends on the current real price 
and once-lagged production. These equations were estimated by instrumental
 

variables and by a method recomimended by R. C. Fairs which yields consistent
 

estimators in a system with lagged endogenous variables and autoco.-related
 

error terms. (Fisher, Cootner and Baily suggest that the error terns in the
 

partial adjustment supply equations might be expected to be autocorrelated.)
 

A demand for private stocks equation is also estimated. The level of stocks
 

is assumed to be a function of the real price of tea.and the once-lagged
 

values of stocks and world dcmand. This may be thought of as a partial
 

adjustment model of the demand for stocks. 
It is estimated by instrumental
 

variables and by the method suggested by R. C. Fair.
 

B. Copper
 

An already estimated copper model was used (with a few changes),
 
"An Econometric Model of the World Copper Industry," by F. 
 Fisher, P. Cootner 

and M. Baily.5a (Henceforth, this is referred to as the FCB model.)
 

It is an annual model vith primary supply equaticns estimated for major
 

producing areas, secondary supply equations for major consuming areas, 
demand equaticns for major consuning areas, three price equations and 

and equation for U.S. net imports. 

In recent histot-, copper has moved in two geographically separate,
 
only nartially linked markets. 
One market is basically the United States
 

while the other takes in most ,fthe rcst of the world. The U. S. price 

http:Baily.5a


price is determined for the most part on the London Metal Exchange and has
 

been historically quite volatile. There have been episodes, some lasting
 

years, whore tho U. S. producers' price was substantially lower than the
 

L?'. price. Currently the London Metal Dichange price is substantially
 

lower than the U. S. price. 

How can this two price system be explained? It is probably made
 

possible 	by the high degree of concentration in the production of primary 

copper in 	the U.S. In 1968, three vertically integrated (through refining)
 

firms (Phelps, Dodge; Kennecott and Anaconda) held 88 percent of domestic
 

refining 	capacity. Richard Cooper and RobertLawrence offer this explanation 

for the existence of a relatively stable and often low U.S. price versus 

a volatile world price for copper. They say, "The answer lies, we think, 

in the presence of implicit long-term futures contracts designad to reduce
 

uncertainty both for buyers and fo',sellers, so that both parties forego
 

sake of long-run security." 6
 
short-run 	maximization behavior for the 


Toth demand end supply equations were assumed by FCB to be of
 

the lagged adjustment variety discussed earlier. Therefore, most equations
 

in the model were estimated by the rethod suggested by B.C. Fair. 

III. Method of Calculation of Excpected Gain 

A. Description of the Model 

The criterion chosen for optimization here is the present
 

discounted value of total export earnings. Some justification must be
 

given for using foreign exchanra earnings as the welfare neasure, As
 

H. G. Johnson points out, "!:Taxi-izing real income is not the same tiing as 

maxinizLng foreign exchange earnings, unless the resources employed in 

primary production have no alterrativo opportunity cost or alternative 

use. Other,;ise, as standard monopoly theory denonstrates, the optimal 



policy involves retricting output below the level that would naximize total 

7revenue. ' He goes on the say that, "Since it is impossible to ascertain 

whether lr-n developed countries are over- or vnder-exploiting their monopoly 

power in comwdities with elastic demand, while they'must be under-exploiting 

it for conrodities with inelastic demands in the current price range, it 

seems reasonable pending further research to accept maximization of foreign
 

exchange eariiings as a safe niininal standard for optimal conrodity agreement 

policy, aidinelasticity of demand at current prices as a criterion for
 

selection of comnodities for agreenents in spite of the theoretical
 

objections to these standards."
8
 

This welfare measure will be seen to be very convenient in what
 

follows. It is quadratic in the control variable to be used, an export
 

tax. 
This helps us to find a unique global maximum of expected welfare.
 

The agreement is assumed to be of finite duraticn for two
 

reasons. First, it seems to be rea'istic that countries are not usually
 

willing to enter into Very long term agreements. For example, the tin
 

agreenent is renegobiated every five years. Second, we would not expect
 

the estinated world commodity market mc lels to be useful for the very long
 

run.
 

Wie want to fit the estimated cuprar and tea models into the linear
 

systen, quadratic cost (in this case quadratic treturn") stochs.3tic control 

framework. We want all current state variables to be linear, stochastic
 

functions of last periods state variables. Thdzs rans that some method 

must be used to update the exogenous variables in each model, variables like 

indices of industrial production, GNP's and population figures. It was 

decided to treat these as first order autoregressive processes, and such 

processes were estimated by ordinary least squares. One additional set of
 



problems romain to be solved before the ta and coppor models can be fit 

into the optimizing framowork. Almost all demand and supply equations 

were estim3ted using different price variables. For example, the Japanese 

consun.,tion of copper .;as ass-.ed to be a funct'on of the London Motal 

r.:chanre price of coppor converted to Japanoso yian eind tflated by the 

Japanese .;holosale price index. We would like to have all prices of copper 

in terms of real U.S. dol'ars. To do thio, we make the assumption that 

the ratio of wholesale price indices in two countries timos the exchanre 

rate for their two currencies renains constant throu.;hout the period of the 

comnodity aLroe~tnt. In t;o case of the Japaneso exanple, ve have: 

- t -"L=!. 


V,""IL1. 

It is ass .ed that the tern in brackets in the last line remains constant. 

Similar assumptions about price lavels 4nd exchange rates are made in 

connce: ion with the tc'i model. 

Now, standard stochastic control techniques can be used to calunulote 

tw cm.,,,. nx octod return to a tea or corper cart-.lO The xpectod return 

with no cartel can be calcul.,itnd using the t'ChnilUos by setting thesat.-.z 

control variablc, the export tax, identically equal to zero. The difference 

bf.-i:oen the oxrorted rn'tura i.rith nnd witi:utj n is the exected 

gainl cAu'. to the cark'l. 
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Both the tea and the copper model have some equations in which it
 
was assumed that the error terms were autocorrelated and coefficients of
 

autocorrelation were estimated. 
By augmenting this year's state variable
 

by including in it last year's state variable and last yeqr's export tax, 

the information about the coefficients of autocorrelation can be included
 

in the standard stochastic control model discussed above.o0 
 We can then
 

compare the results obtained when the autocorrelation is ignored with
 

the results 6btained when the estimated c6bfficients are used. 

IV. Results 

A. Tea Cartel 

The ten-year expected return to a ta cartel consisting of India,
 

Sri Lanka and 
 the major Fast African tea producing nations, operating fron
 

1972 to 1981, measured in terms of the present 
 (in 1971) discounted value
 

of export earnings, 
 is about one billion real (1967) U.S. dollars. This
 

represents approzimately 
a 29 increase over the no-cartel value of expected
 

discounted export earnings 
 during the sare ten year period° (See Table 1.)
 

The ten-year expected return to a tea cartel consisting of only India and
 

Sri Lanka is about 250 million real (1967) 
 U.S. dollars. This is approximately 

a 10, increase in expected export earnings from tea for these two countries
 

over the ten 
years from 1972 to 1981- (See Table 3.) 

Assuning that the gains due to a cartel are split such that each
 
country has a 29.5% increasell in expect.,d tea export earnins, the gains in 

total ex-port earnings as a percentage of average total export earnings 

-would range tofrom 1.0%for Tanzania 13.3," for Sri Lanka. (See Table lA.) 

The gain seems large enough and the nunber of countries small enough that 
perhaps a tea cartel consisting of India, Sr;. Lanka and the main Fast 

African tea producers might succeed.
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B. Copper Cartel
 

The expected ten-year (1969-78) return to a copper cartel consisting 

of all primary copper producing nations except the United States and Canada,
 

measured in terms of the (1968) discounted value of export earnings, is about
 

800 rii)on (1967) dollars. This represents approximately a 2.5% increase
 

over the no-cartel value of discounted export earnings during the same
 

period. (See Table 5-)
 

The expected increase in copper export earnings due to a cartel as 

a percentage of average total export earnings ranges from 2.3% for Zambia 

to 0.6%for Peru. (See Tab.ie 5A.) This does not appear to be a large 

enough return to justify the formation of a copper cartel. 

C. A Corparison
 

It is interesting to coripare the results here urith some oarltier 

and Tins 1 2 
speculation on the ouccess of tea or copper cartels. Stern 

gave a tea cartel little or no chance of success. However, they thought 

a copper cartel had a fair chance of rcalizing a sizeable short-torm gain. 

In the nr..:3ent study, the conclusions wTould be just the opposite. There 

would porhaps be a chance for a tea carLel to be successful, but a copper 

cartel would have little or no future.
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Table I 

Expected Return to an India-Sri Lanka-Est Africa Tea Cartel 
(In millions of 1.967 dollars) 

A. Discount facotr: 1.0/1.1
 

10-yr. Crte].-!1o Autocorrelnt ion 1.0-yr. Cirtel-Autocorrl-it 

Optimal Return 4,340 4,264 

No-cartel Return 3.30 3. 

Cain due to Cartel 960 (28.4%) 971 (29.5%) 

B. Discount factor 1.0/1.05
 

Optimal Return 5,449 5,361
 

No-cartel Return 4,264 4,164
 

Gain due to Cartel 1,1.85 (27.8) 3,197 (28.77,) 
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Tablo I 

'
 Tea Exports as a Percnt of Total JX:port EarnJugs:
 
1972-74 

(except wicre iioted) 

ran J.irnings ii J"crcent of totnl 

India 10.1 

Sri Lanka 45.1 

Kenya 13.7. 

I,ala.Ti 17.8 

(E:ipctdATean Ernin'.

as a Purcent of Total-!)
 

(3.0)
 

(13.3)
 

(4.0)
 

(5.3)
 



TABLE 2 

Tea lfodel 

India - Sri Lanha - East Africa Cartel 
Expected Cartel vs. No Cartel Values of Selected State 

Variables - 1976
 
(In thousands of metric tons except where noted) 

-Expected-cartel Expected-no cartel I Actual 1971 ti 

price
 
29.85 29.05
('63 new pence/kg.) 49.54 


Total Consumption2 965.9 1,003.5 941.0
 
195.8 2r)8.0
U.K. Cons. , 201.1 


U.S. Cons. 68.0 75.1 19.5
 
21.3
Canadian Cons. 17.6 19.5 


Australian Cons. 23.5 25.0 28.3
 
Indian Cons. 237.2 .256.8 220.6
 

383.3
Rest-of-World Cons. 423.9 426.0 

Total Production2 966.7 1,004.2 940.0 

753.3
Cartel Production 663.7 846.1 

Indian Prod. 345.8 466.6 435.5
 
Sri Lanka Prod. 167.2 213.8 217.8
 

100.0
East Africian Prod. 150.7 165.7 

Rest-of-World Prod. 303.0 158.1 186.8
 

Export tax 39.21
 
('63 ne;. pence/kg.)
 

1/ 1hese are values from the calculation using the discount rate of 1/1.1 and 
taking into account estimated coefficients of autocorrelaticu. 

2/ Details may not add to totals because of rounding. 



TABLE 3 

Expected Return to an India-Sri Lanka Tea Ccrtel 
(In Millions of 1967 dollars) 

Discount factor: 1.0/1.1
 

10-yr. Cartel-No Autocorrelation 10-yr Cartel-Autocorrelation 

Optimal return 20758 2,625 

No-cartel return 2,493 2,377 

Gain due to cartel 265 (10.6%) 248 (J.0.4M) 



TA BLE 4 

Tea 1odeI 

India - Sri Lonika.Cartcl 
Expected Cartel Vs. No-Cartel Values of 

Selected State Variables - 1.976 
(In thousands of matric tons except where noted) 

Expectedl-c'pt'cl I Ekpected-no cartel. Actual 1.971 Vat: 

price 

('63 new7 pance/kg) 41.10 29.85. 29.05 

Total Consumption12 987.3 1,003.5 941.0 

U.K. Cons. 198.8 201.1 
 208.0
 

U.S. Cons. 72.0 
 75.1 79.5
 

Canadian Cons. 18.7" 19.5 21.3
 

Australian Cons. 24.4 25.0 28.3
 

Indian Cons. 248.3 256.8 220.6
 

Rest-of-World Con 425.1 426.0 383.3
 

Total Production2 988.0 1,004.2 940.*0
 

Cartel Production2 595.2 680.4 653.3
 

Indian Prod. 405.2 466.6 435.5
 

Sri Lanka Prod. 190.0 213.8 217.8
 

East African Prod. 170.7 165.7 
 100.0
 

Rost-of-World Prod 222.1 186.6
 

Export tax 18.18
 
('63 ncw pence/kg)
 

/ These arc x'alue: frori the calculation usimn the discount rate of 1/1.1 and tcking
into account esLim intd cooffients of cutocoirrelatLon. 

2/ Details may not add to totals bacuase of roundin, 



TAQlTI 5 

Expected Return to a Copper Cartel 
(inmillions of 1967 dollars)
 

1. 	Discount Factor: 1.0/1.1 

10-yr. Cartel-No Autocorrelation 

Optimal Return: 33,072' 

No- cartel return: 32,274 

Gain due to Cartel: 798 (2.5%) 

2. Discount factor 1.0/1.05
 

Optimal return: 
 43,921 


No-cartel return: 
 42,845 


Gain due ,to cartel: 
 1,076 (2.5%) 


10-yr. Cartel-Auto
 
correlation 

33,148 

32,303 

800 (2.5%)
 

44,009
 

42,930
 

1,079 (2.5Z)
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Copper Exports as a Percent 
1.972-74 

of Total Export inrningI 

Copp er Biiigs Pe'r.ent of TOL.1 ( c. tc . ", I .r"
Per~nt: n%ofTh ri 

." 

Chlc 

Zambia 

72.5 

92.7 

60.2 

(1.8) 

(2.3) 

(1.5) 



TABLE 6 

Cooper Model 

Expected Versus Actual. Values of Selected 
State Variabla - 1973 

(in thousands of metric tons e:cept where noted) 

24E Price 
('67 dollar per 
.metric ton)
 

LJ Price 
('67 dollars/hetric 
ton)
 

otal Consumption 


U.S. Cons. 

European Cons. 

Japanese Cons. 

Rest-of-world Cons. 


otal Mine Production 


Cartel 	Mtine Prod. 
Chilean Iine Prod. 
Zainbian Niive Prod. 
Rest-of-world mine Prod. 

U.S. NMire Prod. 


Canadian Mine Prod. 


Dtal Production from Scrap 


U.S. Prod from old scrap 

U.S. Prod from new scrap 

Rest-of-world s;crap prod. 

:pectcd E:-Port tax 
(67 dollars Ivr: metric ton) 

Expected-cartalI 


1,631 


1,078 


8,942 


3,193 

2,730 

2,035 


984 


5,479 


2,983 

607 

765 


1,611 


1,726 


770 


3,623 


502 


969 


2,152 


216
 

Expected-no cartelI Actual 

1,408 1,234 

1,026 964 

9,241 9,510 

3,310 3,181 
2,862 3,559 
2,065 1,639 
1,004 1,135 

5,692 6,049 

3,359 3,667 
820 735 
780 707 

1,759 2,225 

1,592 1,567 

741 815 

3,627 3,575 

478 403 

1,012 1,004 

2,137 2,168 

areI/ an.,vJuc. f,:a L1i c;iculali. on v:i': the c'hcco,,n(. fotr of (1.0/1.1) 
and takin,; into ,:cuunt C:' l:, b CffiC "': :o'i L , tLo . 


