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Fluctuations in the prices of primary commodities have
caused variations in the. export earnings of many developing
economies. Because their economies have depended heavily on
the earnings from those commodities, it is important to under-
stand how prices of primary commodities are determined. This
paper offers a theoretical model to explain the behavior of the
world coffee market which makes a clear distinction between
the inventory market and the flow market for commodities in
affecting price. Then, the model is tested empirically to deter-
mine its ability to predict market results and to estimate the
impacts on the world coffee market of a change in income and
prices in the major importing economies

I. Introduction

Fluctuations in the prices of primary commodities have caused
variations in the export earnings of many developing economies.
This has created a great concern among economists and policy mak-
ers of a certain countries because their economies have depended
heavily on the earnings from those commodities.! From a policy
point of view, therefore, it is important to understand how prices of
primary commodities are determined and why they vary so much.

A few earlier studies have analyzed both theoretical and empiri-

cal aspects regarding the determination of commodity prices.? For
example, Adams (1981) and Adams and Behrman (1979) showed that

*We thank E.C. Hwa, John T. Bennett and Toni Osei for valuable comments.

!See Bhagwati (1986) and Johnson (1967).

2A very good reference on the market behavior of primary commodities like coffee and
sugar and extensive empirical analyses inéludes Adams and Klein (1978) and Adams and
Behrman (1978).
{Seoul Journal of Economics 1988, Vol. 1, No. 4]
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the prices are determined by the change in inventories generated
from the flows of consumption and output. Recently, Hwa (1985)
showed empirically that prices are determined by inventories as
well as the factors determining demand and output. Antonini and
Kwack (1987) presented a theoretical discussion of the fundamental
stock-flow nature of commodity price determination within a general
theoretical framework which makes a clear distinction between the
inventory market and the flow market for commodities.

In this paper, we offer a theoretical model to explain the behavior
of the world coffee market which includes the role of inventory in
affecting price. Then, the model is tested empirically to determine
its ability to predict market results and to estimate the impacts on
the world coffee market of a change in economic conditions in the
major importing economies. _

Section II of this paper describes the characteristics of the world
coffee market. Section III sets up a theoretical model of the coffee
market and analyzes the responses of the market to a shift in the
demand for consumption and inventories. Section IV discusses the
empirical results of the model. Section V provides a summary.

II. Characteristics of the World Coffee Market

Coffee is produced in tropical climates (mainly in Third World
Nations) having mean temperatures of 80 degrees Fahrenheit and an
average annual rainfall of about 50 inches. Each species of coffee
has its own distinct taste. When processed for consumption as a
beverage, arabica tastes better than robusta, but further soluble
processing partially evens out the difference between the two. In
Brazil, farmers dry coffee cherries in the sun and then remove the
skin, leaving the coffee bean. In most other Latin American coun-
tries, cherries are pulped and fermented, the skin is removed, and
the beans are dried. This results in good tasting coffee. This is why
there is a distinction between washed and unwashed arabicas.

From 60-70 percent of the world’s coffee is produced in Brazil,
Colombia, El Salvador, Guatemala, Ivory Coast, and Indonesia. Ara-
bica is mostly produced in the Western Hemisphere, while about
75 percent of robusta production comes from Africa, Asia, and
Oceania. The coffee year is measured from April to March in Brazil
and Indonesia, from July to June in Philippines and Tanzania, and
from September to August in Ivory Coast.
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New plantings of coffee require a period before they produce; two
to three years for robusta and four to five years for arabica. Thus
decisions on the capital stock (coffee trees) are made in response to
producers’ expectations about price and profit. However, changes in
output as a result of these decisions do not occur for several years.
Decisions on care and harvesting affecting output in the short-run
are based on material and labor costs.

Yield depends on tree age, care, type of area, production cycle,
weather and pest control. Coffee trees, especially arabica, have a
two-year bearing cycle; they tend to bear light and heavy corps in
alternate years. This cycle is not always consistent due to variation
in weather and tree maturity. Coffee production dropped sharply to
52.6 million 60 kg bags in 1965 because of an earlier severe frost in
Brazil. In the following year the coffee market recorded a high
output of 82.2 million 60 kg bags aided largely by the recovery from
frost in 1966 and a high output in Africa. Frost caused output of
only 59.9 million 60 kg bags in 1971 followed by a recovery, espe-
cially in Brazil and Colombia, and high output in 1980-82 period.

The main consumers of coffee are the developed countries. They
import over 70 percent of the world’s output. Western Europe is the
largest coffee consuming region in the world. Domestic consumption
is substantial in Brazil, India, Indonesia, and Mexico. Most exports
are in the form of beans, although Brazil has the greatest share of
soluble coffee exports among the producers. There is greater de-
mand for robusta coffee in soluble form rather than as beans, due to
its better taste.

Coffee bean prices have fluctuated greatly over the years, like the
prices of other beverages. The world coffee price is greatly influ-
enced by the change in output of Brazil, the biggest coffee producer.
Brazil’s low production in 1977 contributed to very low world pro-
duction (60.9 million bags) and a record high price of 262.9 cents
per pound. A record high price during 1976-77 caused output to
increase after a period of four years. A sharp decline in the coffee
price in 1980-82 can be accounted for by over production in Col-
ombia and Brazil, stagnant demand, and slow income growth in the
industrialized countries.

The International Coffee Agreement established quotas for global
and individual countries as a device to stabilize coffee prices after
World War IL2 The Agreement serves to keep prices from falling

3For the Coffee Agreement, see Akiyama and Duncan (1982, pp. 33-9) and for general
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below a certain level or rising above an agreed limit. The first
agreement was signed in 1941, with export quotas imposed as a tool
for supporting prices. When its effectiveness appeared to diminish,
another agreement was signed in 1962, which succeeded in halting
declining prices; it was renewed in 1968. A new international com-
modity agreement was signed in 1976. The main measures of this
agreement are global quotas set each year based on world consump-
tion, production, and the expected change in stocks. The sharp de-
cline in coffee prices in 1980 indicated the vulnerability of quota
policies to market expectations, changes in demand, and high in-
terest rates. In 1981 quotas were again introduced to halt declining
prices. By and large, commodity agreements have managed to control
prices within limits, especially defending the floor price by reducing
or even suspending quotas when prices are low.

III. Structure of the Coffee Market

Analysis of the global coffee market must consider production,
consumption, and inventories. The profit is the major variable de-
termining the production of coffee. Using current profit as a proxy
variable for the current as well as expected future profit, the profit
function can be expressed as:

7T=7r(P,Q)PQ’X1) (1)

where m = profit level, P = price of coffee, Q = rate of production
of coffee, P, = price(s) of factor input(s), X; = other exogenous
variable. By Hotelling’s lemma, the supply function is derived from
(1) as:

Consumers are assumed to determine their consumption in order
to maximize their utility subject to their budget constraint. The
maximization problem is as follows:

max U(C, S | Xo) + A(Y— PC— P,S) 3

where C = rate of coffee consumption, S = substitutes of coffee
(juice, soft drinks, etc.), P, = price(s) of substitutes(s), Y = the
consumer’s income, A = a lagrange multiplier, and X, = other exo-

Commodity Agreements, L.aw (1975).
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genous variables. Then the demand function is derived as:
C=C(P,P, Y, X,), 3C/aP < 0, 2C/9P; > 0, oC/3Y > 0 (4)

Inventories are held for transaction and speculative motives. In-
ventories for transactions are assumed to be an increasing function
of consumption. The desire to hold inventory for speculation de-
pends on the differential between the current and future expected
price and the interest cost of holding inventories. Thus, the demand
for inventories, H, can be expressed as:

H=H(C, P, P*, 1, X3), oH/3C >0, o0H/ 3P < 0,
oH/dF >0, 2H/0r<0 (5)

where H = the demand for stocks of coffee inventories, P° = the
price expected to prevail at a future time, r = interest rate, and
X; = other exogenous variables.

Together with equations (2), (4) and (5), an identity is introduced
to complete the model. The identity is that at any point in time an
excess of production over consumption must be equal to a change in
the inventories.

Hz—l + Qt = Hz"r‘ Cz (6)

Equations (2), (4) and (5) are written in linear form to simplify our
derivations later:

Q= a P, — alpqt+ a Xq; + Urs,s a >0 (7)
C,=— P+ oY, 4+ 03P, + by Xoy + Uz, by, by, b3 > 0 (8)

H = aC— P+ P —cr 4 ¢, X34 Usy, ¢, c0,c3 >0 (9)

Equations (6) ~ (9) can be solved for four endogenous variables,
Q:, C,, H,, and P,. In the short run where expected future price and
the existing stock are predetermined, the solutions of endogenous
variables are given in a matrix form, ignoring the X, and Uj:

r

P,
Q: dii diz dis dis dis dis Y,
C|_ 1 dyy doy dy3 dps das dos P, (10)
H |7 aj+-bi+bia+é | day dsp daz dag das dae Pf
P, dy dyp diz dyy dys das T
H,_,
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TABLE 1
EFFECTS OF CHANGES IN EXOGENOUS VARIABLES

Short-Run Long-Run
AQ AC AH AP AQ AC AH AP
AY + + ? + + + + +
AP, + + ? + + + + +
AP, - - - + - - - +
Ar - + - - 0 0 - 0
AP + - + + 0 0 + 0

Notes:1. Short-run effects are from Equations (10) and long-run effects are from
Equations (14).
2. Positive (negative) effects are shown by 4 (—).

where diy = —ai(bher+ b+ ), diz = a;8(1 + ¢y),
dis =ab(l1+ a), diy=aic, dis= —aycs,
die =—ay, dyy=—arh, dr2= by + c3),
doz = b3(a1 + ), doa = —b1cz,  dos = byca,
dy = by, dy = —ai(byer + o), dzz = bylarc; — ¢y),
d3z = by(amcr — ¢2), d3a = cala + &),
dis = cylar + &), dsg=bcr +co dy=ay,
dyp = bo(1 4+ 1), dyz = b3(1 + 1), dya = 3,
dys = — ¢3, and dyg = —1.

In the long-run equilibrium, H,= H,_; and P,= P}, so that equa-
tions (6) and (9) become:
Q=C, (1)
H=c¢C— an+ X3+ Us; - (12)

In the matrix form the model in the long-run state can be written as
follows.
r

1 0 0—q Q —a0 0 O P,
0 1 0 &H G| _ 0 b b O Y, (13)
00— 1 O H, 00 0-—c P,
L 1 _1 0 0 P’ 0 0 0 0 ’rt
This gives the long-run values for the tour endogenous variables:
[ Q —aby aby  abs 0 P,
C, 1 —amb  ambz e 0 Y, (14)

H, = a+b |—aba aba abea —(a+b)c|| Py
| P a by bs 0 T,
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Based on equations (10) and (14), Table 1 summarizes the effects
of a rise in foreign real income, the price of substitutes, the cost of
production, the expected price, and the interest rate in both the
short-run and the long-run. In the table, the signs of d3; and ds3 are
a priori indeterminate, depending upon the sign of (a;c; — ¢3). A rise
in either foreign income or the price of substitutes leads to a rise in
the amount of coffee consumed, the demand for inventory, and the
price of coffee. The rise in the coffee price stimulates production
but affects the demand for inventories negatively. It is not clear
whether the induced rise in production outweighs the induced de-
crease in the demand for inventory. In the short-runm, it is likely
that the effect on production is small and the effect on the inventory
demand is large. But the effect of a change in price tends to rise
over time, whereas the effect on inventory declines over time as the
expected price is induced to rise. Thus, it is reasonable to assume
that the signs of d3; and ds;; are negative in the short-run, but
positive in the long-run.

Consider a shift in demand for consumption caused by a rise in
foreign income (and the price of substitutes). An increase in foreign
income from Y, to Y; in Figure 1 will shift the consumption sche-
dule from C(Y;) to C(Y;). At the initial price P, and inventory stock
H,, consumption exceeds output and a higher level of consumption
raises the desired holding of inventories and reduces inventory. A
rise in the demand for inventory results in a rise in the price level
from P, to P;. This rise in the price will cause a decrease in the
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amount consumed and an increase in the output produced which in
turn reduces the price level and raises inventory. This process will
continue until the amount desired for consumption equals the amount
produced and a long-run equilibrium is reached. In the long-run
equilibrium, consumption, output, price and inventory holdings at P.
and H. are higher than the levels that existed before the change in
foreign income.

When the cost of production rises, it reduces the amount of out-
put supplied at the existing price by shifting the production sche-
dule. This results in a rise in price and a fall in both the inventory
stock and consumption. After the adjustment of inventory and price
is complete in response to a shift in the supply of output, the price
is higher and consumption and inventory stock are lower in the
long-run equilibrium. The above two cases show that any shift in
demand for consumption or shift in supply function changes the
price of coffee, consumption and output in the short-run as well as
in the long-run.

Consider now a rise in the demand for inventories due to either a
rise in the expected price or a decrease in interest rates. As seen in
Figure 2, a fall in the interest rate to a level r shifts the demand
for inventories to H(r). With the existing level of inventory, a rise
in price to a level of P equates the demand for inventory to the
existing stock. The increase in price tends to reduce the amount
consumed and increase output, resulting in an excess supply of out-
put. The excess supply increases the level of inventory stock and
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lowers the demand for inventory. This causes the price to fall from
the level attained before the change in the demand for inventory. As
long as the amount desired for consumption is not equal to the
output supplied, the price continues to fall and the inventory stock
continues to rise. At long-run equilibrium, there are no changes in
consumption, output, or price, but inventory rises.* This shows that
a change in the demand for inventory by exogenous factors like
price expectations and interest rates induces a change in consump-
tion, output and prices temporarily, but does not permanently alter
them.

IV. Empirical Analysis

The model of four structural equations will be tested with annual
data for the world coffee market.® Proxy variables for those speci-
fied in the model are as follows: QCF = production of coffee, mea-
sured in million 60 kg bags, which is the sum of output in a market-
ing year, mainly October to September for the major eight produc-
ing countries, Brazil, Colombia, Guatemala, El Salvador, Ethiopia,
Ivory Coast, Indonesia, and Mexico; PCF = world export price of
coffee in U.S. cents per pound, which is an average of the prices of
Colombian mild arabica, Guatemalan washed arabica, African robus-
ta, and Brazilian unwashed arabica weighted by their respective
shares of output; CPB = a measure of the cost of production, which
is an average of consumers’ prices for two producers, Brazil and
Colombia, weighted by their relative shares of output; CCF = con-
sumption of coffee measured in millions of 60 kg bags by the major
ten consuming countries, Belgium, Canada, France, Germany, Japan,
Italy, the Netherlands, Sweden, the United Kingdom, and the U.S.A.;
GNPCF = foreign real income in billions of U.S. dollars at 1980
prices and exchange rates, which is an average of real national

*For a detailed discussion on the transition from the short-run responses to long-run
responses, see Antonini and Kwack (1987, pp. 48-9). A rise in the expected price leads to
the initial overshooting in the price. The agents expect the future reduction in price via
an excess supply. This would raise its desired inventories, thereby lowering actual price
further, until a new equilibrium is reestablished at the original level of actual price.

>The data are from the International Monetary Fund’s International Financial Statistics
for consumer prices, exchange rates, Eurodollar rate and real GNP, and from the tapes
of the World Bank data originally obtained from the World Bank, Commodity Trade and
Price Trends, and the U.S. Department of Agriculture, Foreign Agricultural Circular, for
world consumption, production, inventories, and price of coffee.
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products of ten consuming nations weighted by their relative shares
of consumption; HCF = world total (producer and consumer) inven-
tory stock measured in millions of 60 kg bags.

Two stage least squares method was first used to estimate simul-
taneous equations (7)—(9). The initial results indicate that the price
of coffee in the current period does not significantly affect the
amounts produced and consumed in the current period. Consequent-
ly, the model becomes recursive, justifying the use of ordinary least
squares to obtain unbiased estimates. The equations estimated by
ordinary least squares, using annual data for the period 1968-1982,
are as follows:

log(QCF) = 4.21 4 0.060 X Slog (PCF_,/ CPB_)
(103) (3.53) (15)
— 0.188 X DUMCF
2.91)
R2—0682 DW.—18 SEE=0.084

log (CCF) = 0.207 — 0.203 X log(PFC_1/ PFC-y)
(0.31) (5.11)
+ 0.631 X log (GNPCF)— 0.069 X DUMT75 (16)
(6.23) (1.74)
R2=0791 DW.=233 SEE=0.038

log (HCF) = —23.141 + 3 a; X log (CCF__,)+0.146 X3 log (PCF _;

(2.94) (3.91)
/ PCF) — 0.128 X TREND + 0.267 X DUM74 (17)
(5.1) (2.1)

i: 0 1 2 3 SUM
g;: 1.77 201 1.79 112  6.69
t:(2.77) (3.56) (3.06) (2.67) (3.54)
R2=0905 D.W. =142 SEE = 0.124

HCF_, + QCF+ MP= CCF+ HCF. (18)

The figures in parentheses are #statistics. R?, D.W.,, and SEE are
the coefficient of determination adjusted for degrees of freedom, the
Durbin-Watson statistic, and the standard error of estimate, re-
spectively. DUMCF is a dummy variable reflecting severe frost in
Brazil in 1965, 1969, 1971, and global abnormal changes of weather
in 1974, 1977, and 1982 (1 for those years mentioned). DUM74 is a
dummy variable for extraordinary speculation in the coffee market
in 1974 (1 for 1974). TREND is a time trend variable. MP in euqa-
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tion (18) is the very small amount of coffee products imported for
consumption by producing countries (e.g., Braizil's imports of solu-
ble processed coffee) and is treated as exogenous.’

The estimate of equation (15) shows that the production of coffee
responds very little to a change in price in the short-run and gra-
dually responds over a period of six years, reaching a price elastic-
ity of about 0.4. The estimated price elasticities are similar to
those in the short-run and in the long-run, 0.12 and 0.74, estimated
by Akiyama and Duncan (1982, p.15) and Hwa (1985, p.319). A
lagged production variable was used to try to capture the two year
yield cycle of production as indicated by Wickens and Greenfield
(1973) but without success. The dummy variable for weather is sig-
nificant as expected in accounting for the effect of weather condition
on production. Like the response of production, the price elasticity
of consumption for coffee is found to be low, around 0.2, and the
income elasticity is similarly low, about 0.6. These estimates are
close to those given by Akiyama and Duncan (1982, p.12) and Hwa
(1985, p.316).

It is assumed that expectations about prices are formed by the
holders of inventories in an adaptive Koyck manner; thus, expected
prices are dependent upon current and past prices. This Koyck form
of expectation is utilized in the estimation of equation (17) for the
demand for inventories. The demand for inventories is somewhat
inelastic with respect to a change in the expected price relative to
the actual price. Further, the elasticity of the demand with respect
to a change in consumption is 6, which seems to be very high.? The

5The inventory data series generated by a benchmark estimate and adjusted to compen-
sate for the discrepancy between production and consumption are called “implied stocks”
and utilized in the previous studies (Hwa 1979). However, this approach was not adopted
in this paper, partly because our main interest lies in inventory behavior, and partly
because the discrepancy between production and consumption is believed to be caused by
reexported imports. Counting the processed coffee imported by producing countries for
consumption results in double counting. The difference between total supply, HCF_,+
QCF, and total distribution, CCF+HCF, is regarded as imports for consumption by
producing countries. Then, net consumption will be CCF—MP:; it is adopted to avoid
double counting.

“In a disaggregate study Akiyama and Duncan (1982) found income elasticities to be in
a range of 0 to 2.0, zero for the United States and 0.6 for European countries. Price
elasticities are from 0.1 to 0.4.

8Hwa (1985) uses a price equation which appears to be an inverted equation of the
demand for inventories given in this paper. Although the parameter estimates are incom-
parable, the derived consumption elasticity from the equation of Hwa is about 6.
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TABLE 2

Tui EFFECTS ON COFFEE OF 1.0% INCREASE IN FOREIGN INCOME (GNPCF)
AND FOREIGN CONSUMER PRICE (PCF)

Year %AP %AH %AC %AQ

GNPCF 1 4.89 —0.98 0.63 0.00
2 2.49 0.27 —0.34 0.28

3 1.96 0.87 0.12 0.43

4 1.00 1.67 0.23 0.55

5 0.01 1.87 0.42 0.61

Average 2.07 0.74 0.21 0.37

PCF 1 0.00 0.00 0.00 0.00
2 1.96 —0.49 0.20 0.00

3 041 0.16 —0.19 0.11

4 0.69 0.22 0.12 0.14

5 0.53 0.45 0.06 0.18

Average 0.72 0.07 0.04 0.09

Note: 1.% A indicates a rate of change of variable due to the shock in percent.

trend variable shows that the demand for inventory tends to decline
over time at a rate of 0.12 per year. This negative trend may reflect
the development of information and technology which has permitted
holding inventories at a minimum cost. The Eurodollar interest rate
turns out to be insignificant.

The estimated parameters of equations (15)—(17) above seem to
be in line with our prior expectation. The performance of the model
in predicting the behavior of the market needs to be examined next.
The model is simulated dynamically over the period 1968-1982.
From the dynamic simulation results, the root mean squared percen-
tage errors computed for production, consumption, price and inven-
tories are 6.77, 7.74, 35.9, and 10.7, respectively. These statistics
and Chart 1 suggest that the model captures the general movements
of production, consumption and inventory fairly well. However, price
is not traced as closely as desired, perhaps, due to many missing
variables such as the stock of coffee trees and labor costs, but they
are difficult to quantify.

It is of interest to estimate the effect of a 1 percent exogenous
increase in foreign income and foreign consumer prices on the en-
dogenous variables in the coffee market. As seen in Table 2, an
increase in foreign income causes on the average over the period of
five years the coffee price to increase by 2 percent, production to
rise by 0.4 percent and consumption to rise by 0.2 percent. The
inventory stock is lowered in the first year as a result of rise in
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consumption, but increased over time as production rises at a rapid
rate. On the other hand a 1 percent increase in foreign consumer
prices causes coffee consumption in coffee and price to rise after a
time lag of one year by 0.2 and 1.9 percent, respectively. This
lowers inventory. However, the initial overshooting of price reduces
consumption in the second year and initiates a rise in production in
the third year. A continuing excess of production over consumption
and resulting increase in inventory tend to push down the rise in the
price. As the fifth year passes, price, production, and consumption
are increased by 0.6 percent, 0.18 percent, and 0.06 percent, while
inventory stock are increased by 0.45 percent. On the average, a one
percent rise in foreign prices seems to raise the coffee price 0.8
percent without changing output, consumption, and inventory stock
significantly.

V. Concluding Remarks

The behavior of the world coffee market is affected by many
factors. On the supply side, cost, quota, and weather conditions are
major factors contributing to market results. On the demand side,
disposable income and the prices of substitutes in consuming coun-
tries are shown to affect results. In addition, shifts in the demand
for and supply of inventory by variations in the expected prices and
costs are shown to vary greatly the price of coffee. An exogenous
rise in the demand for inventories initiates a rise in the price and
output of coffee and a decrease in the consumption of coffee in the
short-run. In the long-run, however, the price is not affected per-
manently by the change. Contrary to a shift in demand for inventory,
a shift in flow conditions of consumption and production permanent-
ly affects the inventory condition which generates a variation in the
movement of prices.

Wide variations in coffee prices may encourage intervention by
the governments of producing countries in order to stabilize coffee
prices and in order to stabilize their export earnings. Export quotas
have been used as the main tool for intervention. This study fails to
find the significance of the variable representing the Coffee Agree-
ment in affecting the price and quantity in the coffee market. This
means that the intervention of the governments through quota has
had limited effect in managing the movement of prices.’ If quota is

“The limited effectiveness of the quota on the market is also discussed by Akiyama and
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implemented as a means of reducing inventory and production, it
would affect the price. But, over time, the cost of holding inventory
by the governments would be excessive. Consequently, the govern-
ments cannot continue to intervene in the market to control price
behavior over a longer period of time.
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