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ABSTRACT 

The 1V0rid markel model [or cocoa lVas developed to examine Ihe 
factors affecting cocoa prices. The models lVere used to analyse the 
interrelationship between the economic variables oj supply, demand, 
price and stocks. The findings indicate (hat the important 
determinants oj cocoa prices are rhe stock levels and consumption. 

ABSTRAK 

Satu model pasaran dunia koko telah dibina untuk mellgkaji faktor­
[oklOI' yallg mempengaruhi Iwrga koko. Model illi telah digulla ullluk 
mellganalisis hllbllligkait amara pembo/ehubah ekonomi seperti 
penawaran, perminraan, harga dan slok. Hasil kajian memmjukkan 
penenlu penting bagi harga koko adalah paras slok dan penggunaan. 

INTRODUCTION 

The cocoa industry is vulnerable to price fluctuations arising from 
changes in the world economic forces such as fundamental factors 
of supply and demand. Such price variability is of significant 
importance to the producing countries as it can affect the 
producers' return and national export earnings. 

The current cocoa price trend is not optimistic. While the 
demand for cocoa continues to expand, supply increases even 
faste r. The average annual growth rates from 1979/80 to 1989/90 
fo r world consumption (proxied by cocoa grinding) and production 
were 3.5 percent and 4.3 percent respectively. The ratio of stocks to 
wo rld grinding in 1989/90 crop year was 0.63 compared to 0.32 in 
1979/80. At the end of September 1990, cocoa surplus was 
estimated at 1.4 million tonnes, causing a sharp decline in the 
cocoa prices. This study attempts to investigate the main factors 
that determine cocoa prices. 
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METHODOLOGY 

The world cocoa market model was form ulated. The model consists 
of three behavioural equations and an identity. The behavioural 
eq uations describe the production, consumption and price of 
cocoa. The model is closed by a n identity which defines the stock of 
cocoa. 

PRODUCTtON OF COCOA 

The specificati on of the supply response is based on the model 
developed by Wickens a nd Greenfield ( 1973) and as adopted by 
Dowling (1979). This model is an improvement over the earlier 
model s developed by Nerlove (1958) and Behrman ( 1965) in terms 
of capturing the distributed lag in supply response especially for 
perennial crops like cocoa. The Wicken s and Grecnfi eld model 
consists of three struct ural relationships, viz ( I ) the vi ntage 
producti on function which renects the constraint of potential 
output on production: (2) the investment functi on which renects 
the long gestation lag in perennial crop potential product ion: and 
(3) the harvest ing function wh ich refl ects the short run harvest ing 
decision. The estimated eq uation is derived as the reduced form 
solution of the above equations. 

VINTAGE PRODUCTION FUNCTION 

In the vintage production function , the potential product ion is a 
function of average yie ld of the trees and the num ber of trees in 
production. It renects the const raint of the potential output. 

n 

qPt = L d (i, t) I t _; ( I) 
i=O 

whe re. 
qP t is the potentia l (optimal) production ; 
d(i.t) is the average yield of the trees; and 
Itoj is the number of trees planted in i yea rs ago which have 

survived in yea r t. 

Tec hn ologica l progress occurs if d(i ,t) is a positi ve funtion of 
tim e. Bot h embodied and disembodied technical progress may be 
incl uded in d(i,t). If embodied technical progress (e.g., new strains) 
occurs at a consta nt rate ¢ and disembodied technical progress 
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(e.g., fertiliser effect) at rate 9, then d(i,t) ~ (I + e)' (I + <!Jt'd, 
where d, is the yield of a tree age i years. Dowling (1979) assumed 
d(i ,t) ~ d, as the use of the Almon technique (Almon 1965) requires 
fixed parameters on the distributed lag coefficients of past prices. 
Therefore equation ( I ) becomes: 

n 

qP t = L dilt _ i 
i=O 

INVESTMENT FUNCTION 

(2) 

The deci sion to invest in the perennial crop like cocoa is based on 
the expected discounted income stream rrom the investment. The 
investment function is derived from a formal opt im ising model. The 
net presen t value is given by: 

00 

V = L(! + r)-'{(P', - SO, ) qP, - F, - fl(J,)} 
i=O 

where, 
V 
r 

is the expected discounted net revenue; 
is the rate of discount; 
is the expected unit price of cocoa; 

(3) 

is the unit cost of harvest ing o f the crop when all potential 
o utput q is harvested; 

Fl is the fixed cost in year t; 
fl(I,) is the planting cost with f, (I,) > 0, f'l (I,) > 0; and 
Il is the num ber of trees in year t. 

Maximing V subject to the production function in (2), the 
Lagrangean function is , 

L = V + <1>.( qP, - t. d; It_) 

00 

= L(! + rt'{(P', - S',)qP, - F, - f,(I,)} (4) 
i=O 

The solution of the maximization problem in (4) gives the rate 
of investment on a commodity as; 
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n 

H, 6It = L(I + rr;(P"t+' - S't+,)d; 
i=O 

= Ret 
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(5) 

Investment in cocoa is undertaken up to the point where the 
marginal cost in one or more trees is equal to the expected 
discounted net renevue obtained from the future production of the 
tree. The assumption that f,(It) is convex is used to determine the 
rate of investment. 

If f,(It) is quadratic function of I" then the investment function 
derived from 8f, /8I, is, 

It = f30 + fl, Ret (6) 

where, 

n 

Ret = L(I + r) -;(P"t+; - set+;)d; 
i=O 

Therefore investment is a function of the expected prices pCt . 

Since the expected prices are not observable, Dowling (1979) 
assumed that the expected prices can instead be represented by 
current and distributed lag of past prices. It was also assumed that 
the lag declines geometrically with lag length and the expected 
prices are formed adaptively. 

n 

It = flo + LW; P,-; 
i=O 

where, 

Therefore, 

i=O 

= flo + {fJ/( 1 - tI> L)} P, 

where L is the lag operator. 

(7) 

(8) 
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Wickens and Greenfield (1973) and Dowling (1979) have 
assumed a constant planting density throughout where trees 
removal and abandonment are relatively sma ll. Thus the change 
in acreage ca n be the proxy for number of trees planted. Therefore 
the actual planted trees, rat; 

la, = Ll. A, 

From (8), 

I, = ( I - q, L) = ,B0(I - q, L) +,B P, 

I, = ,B'o +,B P, + q, 1,_1 

where, 

,B'o = ,Bo(I - q, L) 

Therefore, 

Ll. A, = ,B' 0 +,B P, + q,Ll. A,_I 

Lagging (II) by i, 

= f30 + ,B/( I - q, L) P,_; 

HARVESTING FUNCTION 

(9) 

(10) 

(I I ) 

(12) 

( 13) 

( 14) 

The harvesting function represents short-run supply behaviour, 
which depends on the potential production. The degree of 
exploi ta tion of the potential output depends on the profitability 
of do ing so. It is determined by recent cocoa prices. Therefore 
actual production is some function of potential output and 
distributed lag prices. 

m 

ql = ao + al qP1 + L bi Pt- i 
i=O 

(15) 
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where, 
qt is the actual prodution; 
qPt is the potential output; 
bi is the harvesting response toward prices; and 
m is length of lag and is assumed to be sma ll. 

THE REDUCED FORM 

Solving equation (2). (14) and (15) gives; 

q, = ao + al [(t d; f30 ) + d; f3 t 1>; p,-;] 
1==0 1==0 

m 

+ L b;P.-; 
i= O 

n 

q, = ao + al d; f30 + d; al f3 L 1>; P,-; 
i= O 

m 

+ ( I - 1> L ) L b; P,_; + 1> q'_1 
1=0 

Expanding ( 16) and collecting terms (Dowling, 1979); 

n 

q, = constant + 1> ql-1 + L t P,-; 
i==O 

where, 

t = d; a; f3 + bo 

t = d; al f3 + b l - 1> b;_1 

t = d; al f3 - bm 1> 

t = d; al f3 

for i = 0 
for i = 1, 2, 3, ... m 

for i = m + I 
for i = m + 2, ... n 

( 16) 

( 17) 

The coefficient of the price will depend primarily on the short­
run adjustment coeffici en t b;, whcn the lag is short (i < = m) and 
will d irectl y propo rtional to the yield pa ttern when the lag is long. 
Since the yie ld pa ttern of cocoa nallen after about the sixth or 
seventh yea r, esti mation is proceeded with the first differene of the 
supply eq uation. Maximum lag length of 5 years is allowed in order 
to have suffic ient degrees of freedom. 
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e.q, = constant + ( I + 1» qt-l - 1> Q,- 2 

where, 

n 

+ L t' e.p,_; 
i= O 

6. ql is the change in production , 

t* = t 

t* = ti - ti-l 

t· = -ti_ 1 

for 

for 

for 

i =0 

i = 1, 2, 3, .... n 

i = n + 1 

9 

( 18) 

Assuming that t*; follow the Almon d istributed lag polynom ial 
of second degree (G ujarati 987:8). 

Equation (18) rep resent the supply eq uati on in its general form . 
A restriction is imposed that the coefficients of supply lagged by 
one and two periods together sum to one. For the world cocoa 
supply, the equation can be specified as follows ; 

n 

WCOQ, = f (WCOQ,_I, WCOQ,_2, L t' WCOP,_;) (19) 
i= O 

where WCOQ = world cocoa supply; and 
WCOP = Ghana spot price in Lo ndon 

Cocoa supply is postulated to be some funtion of production 
lagged by one (WCOQ,.d and two (WCOQ,., ) periods and a 
distributed lag of current and past prices. Cocoa supply lagged by 
one and two peri ods are expected to be positive and negative in 
thei r innuence respective ly. As mentioned earlier the coefficient o f 
the price depends on the short-run adjustment coefficient when the 
lag is sho rt , and direct ly proportional to the yield pattern when the 
lag is long. 

DEMA ND FOR COCOA 

Demand for cocoa is a derived demand as it is used as an input in 
the produti on of final produts sllch as chocolate and beverages. The 
demand equation is derived based on the theory of the firm . The 
solution to the maximi za ti on of the profit funtion is as in Silberberg 
(1978); 

4
Rectangle



10 Jumal Ekonomi Malaysia 25 

where, 
Q; 
P; 
P yi 

i = 1, 2, ... , n 

quantity of input i demanded; 
price of input i and related inputs; and 
price of output. 

Thus the world demand for cocoa can be specified as, 

WCOC, = f (WCOP, , SOB, , IPI, , WCOC,_, ) 

where, 

World demand for cocoa; 
Ghana Spot price in London; 
Soya bean oil prices; and 

(20) 

(21) 

WCOC 
WCOP 
SOB 
IPI Industrial production index of the industrial nations 

The prices of final products a re proxied by the industrial 
production index of the industrial nations, while soya bean oil is 
assumed to be the substitute product for cocoa. The production 
index, price of substitute and lagged demand are expected to be 
positive in their influence, while cocoa price is expected to have a 
negative coefficient. 

PRICE OF COCOA 

The price determination model follows the model developed by 
Hwa (I 981) and Tan (1984). The observed spot price of cocoa in the 
market result from partial adjustment of the price towards the price 
level which would yield stock equlibrium. 

WCOP = f(WCOI" WCOC" WCOP,_" WCOP,_2) (22) 

Where, 

WCOP 
WCOI 
WCOC 

Ghana spot price in London; 
World Cocoa Stock; and 
World Cocoa Consumption. 
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Analysis of Cocoa Prices II 

Cocoa price (WCOP,) is postulated to be some functions of 
cocoa stock (WCOI,), demand for cocoa (WCOC,) and cocoa 
prices lagged by one (WCOP,_ ,) and two periods (WCOP,_,). The 
sign for WCOC, and WCOP,_, a re expected to be positive, while 
WCOI and WCOP,_, are expected to be negative. 

IDENTITY 

The model is closed by an identity to ensure completeness of the 
model. The fo llowing identity defin ed the market clearing 
condition. 

WCOl, = WCOQ, - WCOC, + WCOl,_, (23) 

Stock level (WCOI,) is determined by the difference between 
production (WCOQ,) and consumption (WCOC,) plus carried over 
stock (WCOI,_,). 

A detailed description of the definition and sources of data for 
the variables in the specified model is given in Table I. The sa mple 
period was from 1965 to 1987. The models were estimated in thei r 
natural logarithmic form, using the two-stage least sq ua res. The 
interaction amo ng and feed back relationship of the variables in the 
cocoa industry make it especially suited to the simultaneous 
equation approach. 

Variables 

w eoQ 
w eoe 

weop 

w eol 
IPI 

SBOP 

TABLE I. Definition of variables and sources of data 

Definition 

world cocoa production 
world cocoa consumption 

World price, Ghana spot 
London 
world cocoa stock 
Industrial production 
index of industrial 
nations ( t980 = 100) 
soyabean o il prices 

Sources of Data 

FAD Prod uction Yearbook 
leeo Quarterly Bulletin of 
Cocoa Statistics. 
leeo Quarterly Bulletin 
of Cocoa Statistics. 
FAO Production Yearbook 
International Monetary 
Statistics, IMF 

Oil World 
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TABLE 2. Estimated Equations or the World Cocoa Market Model 

World Production of Cocoa 
log(WCOQ), ~ - 0.333 + 1.1 87 log (WCOQ),., 

(4.364) 
- 0.187 log(WCOQ),., + 0.0873 log(WCOP), 

(0.687) (2.444) 
+ 0.022 log(WCOP),., - 0.013 log(WCOP),., 
(1.663) (0.702) 

- 0.02 log(WCOP),., + 0.003 log(WCOP),., 
(1.029) (0.266) 

+ 0.055 log(WCOP),., 
(1.746) 

R' ~ 0.803 DW ~ 2.024 
World Demalld for Cocoa 
log(WCOQ), ~ 3.782 + 0.269 log(WCOC),., + 0.373 log(lPI) , 

(4.8 18) (3.430) 
+ 0.007 log(SBOP), - 0.073 log(WCOP), 
(0.280) (3.817) 
R' ~ 0.9301 h ~ 0.7282 

World Cocoa Price 
log(WCOP), ~ - 32.269 + 3.541 log(WCOC), + 0.650Iog(WCOP),. , 

(4.309) (3.972) 
+ 0.111 log(WCOP),., - 1.292 log(WCOI), 
(0.715) (5.553) 
R'~ 0.8462 h ~ 0.6478 

Nore: numbers in parentheses are the I values. 

RESULT 

The estimates of the world cocoa market model are presented in 
Table 2. The world cocoa supply equation shows that cocoa supply 
is significantly innuenced by the current coc6a price and five-year 
lagged price. The coefficient estimates on the distributed lag 
approximates what is expected, with timing of the positive and 
negative portions consistent with its typical age-yield profile. The 
coefficient for current price is positive and fall off very rapidly. 
becoming negative at lag two. This negative effect persists for two 
periods. The coefficient become positive at lag four and five . Owing 
to the low lag length, the lag does not show the turning point . 
However our analysis with longer lag is inferior. 
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The results suggest the following. High cocoa price encourages 
investment in cocoa. Since cocoa has a 5-year gestation period, the 
decision to invest affects cocoa production five years later. 
However, Hwa (1979), Melo (1973) and Claessens (1984) obtained 
longer lag effects, as far back as twelve years. This is probably due 
to the use of better clones and proper management which have 
sign ificantly shortened the gestation period. Producers are also 
responsive to changes in prices as shown by the coefficient for the 
cu rrent price. 

The estimates obtained for the world cocoa demand eq uation 
are consistent with a priori theory. The coefficicn ts for lagged 
demand, industrial production index of the industrial nations and 
own price are all significant at one percent level. The industrial 
production index innuences the demand for many commodities 
such as rubber and palm oil (Mohammed, 1978, 1988a). Current 
cocoa price is an important determinant of cocoa demand. This 
finding is consistent with the theory and findings by Behrman 
(1965), Melo (1973) and Claessens (1984). Previous studies have 
shown that soya bean oil is the substitute for cocoa (Melo 1973, 
Behrman 1965 and 1968). However, our analysis does not indicate 
this to be the case. The coefficient for soya bean oil price is not 
significant and has an incorrect sign. It is quite plausible as both 
oils have different melting characteristics, and hence are not perfect 
subtitutes for each other. 

All the estimated coefficients in the price equation have the 
expected signs. Our findings are consistent with the findings by 
Hwa (1979, 1981) who concl uded that the price of cocoa is 
inOuened by stock level, demand and lagged prices. The price 
elastic ities with respect to consumption and stock are 3.54 and 
- 1.29 respectively. This implies that the impact of changes in 
consumption and stock on price are substantial. The sensitivity of 
the price of cocoa with stock levels indicates that a one percent 
decrease (increase) in stock levels will increase (decrease) the price 
by 1. 29 percent. The coefficient on lagged price indicates that the 
adjustment of price to the equalibrium is relatively fa st. The results 
are consistent with the findings by Hwa (1979) and Mat Nasir et al. 
(1988) that changes in primary commodity prices are determined by 
stock disequilibrium, and the speed of price adjustment toward 
equilibrium is generally faster for agricultural commodities. 
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SIMULATION RES ULTS 

A simulat ion exercise was carried out for the sample period to see 
the extent the model could track the path of the act ual 
observations. This is basically to validate the model based on its 
predictive power. It is measured by the root mean square error 
(RM SE) and root mean square percent error (RMSPE). 

Results of the simulation are presented in Table 3. The RMSE 

and RMSPE for the endogenous variables are good, with the RM SPE 

obtained less than 10 percent. Thus the model co uld trace the 
directions of the actual values quite well. 

Variables 

weoQ 
weoe 
weop 

TABLE 3. Historical Simulation Results 

RMS E 

0.0584 
0.0643 
0.3745 

RMSPE 

0.0154 
0.4524 
8.06 18 

CONCLUSION AND ECONOM IC IMPLI CATIONS 

The main objective of this study is to investigate the various factors 
that influence the cocoa price in the world market. The findings of 
this study provide a number of insights that are importa nt to the 
industry. 

The results of the analysis suggest that the world cocoa price is 
determined by the consumption and stock levels. The world cocoa 
consumption is primarily influenced by the economies of the 
consum ing co untries. The price elasticities of supply and demand 
are low, indicating tha t the impact of shifts in both supply and 
demand on cocoa prices are substantia l. This shows that price 
Ouctuation is mainly due to the fluctuation in stock levels ca used by 
changes in both supply and demand. 

G iven the long gestation period in cocoa production, its long 
productive li fespan and the importance of cocoa to the producing 
countries, it is therefore essential to have more stable cocoa prices . 
One way to ensure price stability is through programmes that 
stabilise stock levels. In the short run , it is difficu lt to curtail cocoa 
production due to the perennial nature of the crop. Therefore, 
stabilization programmes, to be effective, must be implemented 
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through an effective stock management programme. Our analysis 
shows that the impact of changes of stock on price is substantial. A 
one percent change in stock will cause about 1. 29 percent change in 
price. Such programmes should be carried out collectively, as 
individual nations, such as Malaysia, is too small to influence the 
world market. The producers are the developing countries , 
economically weak, whi le the consumers are the industrial nations 
in Europe and America. 

Management of cocoa consumption is an alternative option that 
may be used to bolster cocoa prices. Our results indicate that this 
variable is effective in controlling the world cocoa price. In the 
effort to encourage consumption , the role of R&D and market 
promotion which are primarily aimed at increasing demand, are 
cri tical. Further downstream activities, such as processing may also 
be usefull in promoting demand. 

The low price elasticity of supply obtained is consistent with 
previous studies on perennial crops. It is important to fonnulate 
policies aimed at increasing the supply elasticity such as through the 
use of better clones and more downstream processing activities to 
reduce sharp price fluctuations. 

In conclusion, market fundamentals are the main determinants 
that influence the movement of cocoa prices. Effective management 
of cocoa stocks and consumption variables is therefore very 
important in ensuring price stability. The role of the existing 
international cooperation such as International Cocoa Agreement 
(rccA) and Cocoa Producers All iance (CPA) can be very useful for 
implementing the cocoa price stabilization programme and 
encourage demand. For Malaysia, given the small local consump­
tion of the commodity and the small country status of cocoa export 
in relation to the world cocoa trade, it is imperative, therefore, that 
Malaysia in order to protect its interest, should participate fully in 
international forums on cocoa trade, such as the ICCA and CPA. 

Malaysia ' s interest would be better served if there is a strengthening 
of these international organisations. 
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