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1. FORMULATION OF THE PROBLEM

Agricultural commodities are important for many LDCs'; 50 per cent or
more of the exports of many of these countries are concentrates in one issues
commodities. When these commaodities have unstable prices significant policy issues
arise. A decrease in export revenues from this source can impose an impontant
foreign exchange restriction on the country concerned, may de causing a delay inits
development process. Moreover, unstable commodity prices and consepuently
unstable export earnings preclude medium or long term development planning.
Thus, it isimportant for these countries to secure prices that are stable and remu-
nerative.

Cocoa is an important agricultural commodity with a highly unstable price.
Ghana, lvory Coast, Cameroon, and to a lesser extent Brazil and Nigeria, depend
on the revenues generated by cocoa exports. Exports of this commodity account for
over 60 per cent of all foreign exchange earnings of Ghana and approximately 20 to
25 percent of those of Cameroon and the Ivory Coast (Okorie and Blandford).
Cocoa prices have been subject to considerable instability ; theworld unit price has
fluctured annually 14.6 percent around trend from 1950 - 1976 (Okorie and Bland-
ford).
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Because of the above, cocoa has been included in UNCTAD's Integrated
Commodity Program as one the commodities whose price is going to be stabilized
through jointly financed buffer stocks. Following Robinson (Chapter XX, p. 1):
«A buffer stock is an international storage program designed to keep priceswithin
an agreed range creating an agency to buy the commodity at a stated minimum
prices, and to sell from stocks at a maximum prices». Cocoa meets two important
requirements for prices stabilization through a buffer stock. First, it is more or
less ahomogenous product ; cocoa from the five major exporters is comparable in
quality and flavor. Second, it can be stored without major problems. This suggestion
from UNCTAD raises the old problems of who benefits from a price stabilization
program and under what conditions price stabilization assures stable export re-
venues.

Turnovsky has provided the answer to these questions under assumptions
of linear demand and supply schedules, additive disturbances (i. e., random paral -
lel shifts in these functions) and market transparency (i.e., full market information
is available to both consumers and producers). Under these assumptions, whether
producers (exporters) or consumers (importers) benefit from price stabilization
depends upon the source of the disturbances. If price instability is due to random
shifts in the supply function, then price stabilization will be to the benefit of pro-
ducers (exportes). On the other hand, if price instability is due to stochastic demand,
consumers (importers) benefit from price stabilization. Under these same assum-
ptions, stable prices will insure stable revenuesif the sourse of instability is ran-
dom shiftsin supply and if demand is at least as elastic as supply.

The characteristics of the world cocoa market are such that a price stabili-
zation scheme based upon a buffer stock will be to the benefit of exporting countries.
Theinstability in world cocoa prices is due mainly to random shifts in supply becau-
se of changing annual world weather. A buffer stock will also stabilize export reve-
nues as it has been found that the long-rum aggregate price elasticities of demand
(of the developed countries, the main importers) and supply are 0,28 and 0,13
respectively (Lee€).

The above discussion on the consequences of price stabilization for economic
welfare has imbeded the assumptions that the cocoa price will be stabilized at the
average long-rum equilibrium price. But, some policy makers propose to us
buffer stocks as income redistribution mechanism from consumers to producers
stabilizing prices at a level higher than the long-tunt rend. Buffer stocks can also
be used to redistribute income from producers to consumers by choosing as a
target price a price below the long-run equilibrium trend. But, in the first case
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stocks would accumulate and almost assuredly reach intolerable levels ; in the se
cond case stochs will be depleted in a short time until the target prices is brought
in line with the equilibrium price. Thus, an important policy variable to be mani-
pulated by the buffer stock authorities is the target price.

The purpose of this study is to evauate aternative stock policies on the basis
of total cocoa purchases or sdeswhichare likely to be required over a certain time
period. The policies to be compared are al related to the level and type of target
prices chosen by authorities. Badically, there are two types of target prices : afixed
one, that runs above the long-run trend, and a three year moving average. For
each type of target price two policies are constructed. In one, buffer stock authori-
ties intervene in the market so the a target priceis achieved exactly ; in the other,
actual annual prices are alowed to vary within a certain range or band of the target
price. Authoritieswill only place or withraw cocoa from the market if the actual
cocoa price is outside this band. These policies will then be compared on the basis
of the level and degree of price stabilization achieved as wdl as on the basis of total
net purchases required.

Finally, a second objective of this research is to analyse the implications for
the aternative policies of changes in exogenous variables. Those chosen for ana-
lysis areweather (a stochastic variable) and income growth rates for the importers.

Il. THE MATHEMATICAL MODEL AND METHODOLOGY
1. Structure of the modd

The cocoa model is an econometric model consisting of five behaviora equa-
tions and one identity”. There is one supply equation, three demand equations, one
stock equation, and market-clearing identity.

Because of its «independence» from others, the supply equition was estimated by
OL S whereas two-stage least squareswas used to estimate the demand and stock
equations. The full modd and its estimated coefficients are described below.

QC= 567.87+ 1286 PC,; +39198 T, + 347517 D; + 15894 D,
(6.92) (352 12,7 (5.6) (3.89

1. This model is presented in Lee (1980).

698



R?=0.95 DW=1.91

SKCi= —2192 PC; +0.471 SKQ.1 +492.1
(-4.3) (39 (45)

DCA=1.27 YAt—0.742 PC,+0.604 DCA.; +269.1
(19) (-3.7) (45) (4.1)

DCL,= 0089 YLt —0.208 PCt + 097 DCL,.1+42.6
(0.1) (-2.3) 2.1) 29

DCC, = 0369 YC—0.21 PCt + 0779 DCQ.; + 180
14  (-2.7) (15) (0.4)

where :

YAt = Red income index, advanced countries

YLt = red income index, less developed countries
YCt = red income index, centralized countries
QCt = cocoa world production, thousand long tons

SKCt =world cocoa stocks (private) at year - end

PCt = cocoa price index deflated by the OECD price deflator (1963= 100)
DCAt = cocoa consumption, advanced countries

DCLt = cocoa consumption, less developed countries

DCCt = cocoa consumption, centralized countries

Tt = trend (time) variable

D; = dummy variable for exceptionally good weather, 1965

D, = dummy variable for exceptiondly good weather, 1970 - 72

Endogenous variables : PC;, QCt, SKCt, DCAt, DCLt, DCCt



Exogenous variables : YAt, YLt, YCt, Dy, D,, Tt

The nine year lag for cocoa pricesin the supply equation is based on the number
of years necessary for fruit production in the cocoa tree. The two dummy variables
represent exceptionally good weather for cocoa production in years 1965 and 1970 -
1972, respectively. The estimation period is 1956 - 76.

2. Methodology

Four major factors suggest a simulation approach to our study (Naylor, 1971).
First, it involves the use of random numbers (to account for weather variations).
Second, given the characteristics of the model an analytical solution would be too
complex or even impossible given the lack of an objective function. Third, it is
among the objectives of our study to use policy experiments with the model and
real life experimentswould be unfeasible. Finally, there was enough data available
to perform a simulation of the model over the 20 year period of interest.

a. Stochastic Component

The only stochastic variable in the model isweather, which influences supply. The
basic assumption is that weather is the only omitted variable in the supply equation,
and that its influence determines entirely the residual or error of the estimated
supply. In other words, if weather had taken its expected value over all the esti-
mation period, the supply equation as estimated would predict perfectly. This per-
mitted us to assume that weather was a stochastic variable with a Gaussian distri-
bution with mean zero and standard error equal to the standard deviation of the
residual, 53.48. The variation explained by the two dummy variableswas not sum-
med to the résiduel when estimating this standard error. These years of extremely
good weather captured by the dummy variables were considered to be abnormal ;
and should not be included when estimating the normal weather pattern as they
would bias the result. A Chi-sqare test was performed to test our choice of proba-
bility distribution. The selected probability distribution was only acceptable at the
25 percent significance level.

To generate our weather variable for simulation, random numbers from a
Standard Normal were drawn from a library function available on TROLL. These
were transformed into observations from a N (0, 53.48) by the following equation :
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W= 5348 Z

where : W o N(0,53.48) and Z . N(0,1).

These parameters were then used in the generation of five random number
streams used in the simulation replicates. These replicates amounted to five for
each policy under different income assumptions.

That is, for each design point, five replicates (Wi, i = 1,2,...5) were performed.
The average value of the five replicates was then used in the subsequent analysis.

b. Income Assumptions

By affecting directly cocoa consumption through demand equations, income
will have an important effect on the resulting (endogenously determined) price.
Hence, different hypothesis reganding the growth rate of income in the simulation
period would have different impacts on the resulting price and thus on buffer stock
levels.

Three rates of growth were assumed for income for the 20 year simulation
period (1977-96) : high, medium, and low. The hypothesis of medium income
growth reflects approximately the historical average growth rate of four subperiods :
1956 - 66, 1960 - 73, 1966 - 76, and 1970 - 76. High and low growth rates were set
one percent above and below the medium rate, respectively. This amounts to the
following growth rates for income :

Table TI. 1 INCOME GROWTH RATES

Growth Rates (%)

Country High Medium Low
Adva;:e; - N ) _3 .0 _ 2.0_ - 10
Less-developed 4.0 3.0 2.0
Centralized 55 4.5 3.5
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Note that in the simulations, no interaction among the countries' different rates
of growth under each hypothesis were allowed. For instance, «high» income hypo-
thesis means running the model using 3.0, 4.0, and 5.5 percent as annual rates o
growth for advanced, less-developed, and centralized conutries, respectively.

c.Target Prices

Two different hypothesis for the target-price were used. The first (fixed target-
price) assumes as target price the endogenously determined price obtained when
the model is run in a deterministic mode.

This is accomplished by removing the randomness embodied in the quantity
supplied and in the income variables of demand equations. This implies regressing
quantity and incomes on the tread available and then using quantity and incomes
«predicted» by trend instead of actual values. Theoretically, this procedure removes
random fluctuations in both supply and demand. The target prices obtained through
this methodology were then extrapolated for the simulation period (1977-96).

The second procedure used for calculating target prices is a three year moving
average of endogenously prices under the three different income assumptions.
That is, the model is run with the three income assumptions and a three year moving
average is calculated for each of the three resulting prices. Figures II1.1, I1.2, and
I1.3 are a plot of the fixed target price, simulated (endogenously determined) price
and three moving year average (target) price under the three different income
assumptions.

Note that a three year moving average target price takes into account the
overall trend followed by cocoa prices in the simulation period, whereas the fixed
target price implies a more rigid price behaviour which is reflected directly on the
buffer stock level. The plot of fixed target price and three year moving average
target prices under different income assumptions is presented in Figure 11.4.

d. Buffer Stocks

The buffer stock level is calculated through the reduced form for endogenously
determined prices. This is done with and without the buffer stock (ut). Mathema-
tically, we have PCt = f(X) as the reduced form for prices, where X represents all
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Figure IL.1. : Simulated and Target Prices for Cocoa - High Income Hypothesis
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Figure IL2. : Simulated and Taret Prices for Cocoa - Medlium Income Hypothesis
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FFgure I1.3. : Simulated and Target Prices for Cocoa - Low Income Hypothesis
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Figure II. 4.: Target Prices: Fixed and Three - Year Moving Average for High, Medium, and
Low Income Hyportheses
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exogenous variables in the model. When buffer stocks (ut) are included, the reduced
form becomes PCt* = f(X,u). Subtraction from the former yields PCt — PCt* =
(ut). Rearranging and solving for ut yields :

ut = d (PCt — PCt*)

where 0= l/cc Note that PCt* is the price obtained when buffer stocks are used.
If we let PCt* be our target price we may solve for ut as the vevel of buffer stocks
needed to keep the price equal to our price target.

The constant 6 is the summation of the coefficients of current prices in the
supply, demand, and stock equations. Thus, & = l/c is easily calculated and amounts
to 8 = — 3.352 in our model.

A flow chart outlines the logical sequence of events of the simulation model
(Figure I1.5). Basically, the core of the procedure can be summarized into the fol-
lowing.First, the world cocoa price, free ofintervention by the buffer stock authori-
ties and given the exogenous and stochastic variables, is estimated. Second, this
price is compared with the target price, and given the specific policy rule, autho-
rities decide if intervention is necessary. If the officials do decide to intervene, the
amount bought or sold by the buffer stock is calculated. The procedure has to be
repeated as many times as there are years in the simulation time horizon (20).

e. Simulation Runs

The model was run using three different income assumptions. For each of these
runs, a three-year moving average target price was calculated. Using both the fi-
xed and moving average target prices, changes in buffer stock levels were obtained.
This was done under two hypothesis. Under the first, there is a buffer stock inter-
vention (buy or sell) every time the resultant price is different from the target price.
The second places a band around the target prices such that there is buffer stock
intervention every time the resultant price is 20 percent above or below the target.
price.’

2. There was no assumption concerning initial buffer stock level. The reason for this is
that one of the objectives of the study is 7o estimate the probably amounts of cocoa would be
required to run the buffer stock over a 20 year period under alternative buffer stock policies.
This amount is equal to the total sales of cocoa which the buffer stock is likely to make in order
to stabilize the price in the desired range.
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Figure 1L, 5.:

Flow Chart for Buffer stock pricc stabilization policy
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Twelve design points were identified for the purpose of data analysis : fixed
target price, fixed target price with a 20 percent band (above and below), three-year
moving average target price and three-year target price with a 20 percent band
(above and below), each of these under three different assumptions about income
growth (high, medium, and low). These design points reflect the accumulated buffer
stock level for the 20 year period (1977-96) under the assumptions described
above.’

III. MODEL EVALUATION

The first property of the model that was explored was its stability. Stability
was not evaluated by mathematical analytical techniques (i.e., solving for the cha-
racteristic roots of the Jacobian) but by computer simulation. All the exogenous
variables were fixed at their 1976 levels, and the model was allowed to run for 39
years. Weather was also constant at its expected value. As can be seen in Figure
IT1.1, the model oscillates towards equilibrium around an upward sloping curve
linear trend which is asymptotic to the long-run equilibrium price of approximately
183. The cycle length is approximately six years long, which seems to suggest that
the oscillation is caused, in its major part, by the nine-year lag in the supply equa-
tion. When the model reaches the peak of a cycle, the price which determines supply
is that of'the trough of the cycle before the present one. Therefore, supply is low
causing the equilibrium price to be high if the market is too clear. The trend with a
positive but decreasing slope is probably caused by the one year lag in the demand
side of the model. Since the three demand equations are positively autocorrelated
and price inelastic, total demand will be relatively stable. The stock equation, on
the other hand, is more sensitive to price. These two factors, together with the fact
that supply is also not too sensitive to price changes, will cause overall supply in
period t (supply plus stocks lagged one period) to «lag» behind demand, therefore
causing a tendency for price to rise. But, in the long run, as prices reach higher
levels, demand will decrease sufficiently and supply increase sufficiently so as to
arrive at our result of stability.

The basic objective in this section is to evaluate the model as a predicting device.
There are two possible tests for economic models : comparing actual historical
data of the endogenous variables used to estimate the model versus the predicted

3. For estimation and simulation a computer package, TROLL, was used. TROLL is a
flexible canned computer package for the estimation and simulation of econometric models. It is
therefore appropriate for this study.
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endogenous variables ; or actual values for periods outside the range used for
estimation versus predicted values for these same time periods of the endogenous
variables. The second option was discarded because it would have involved sear-
ching for many data sources which might not have been available. Evaluation was
therefore performed over a 20-year range from 1956 to 1976 using the predicted
endogenous variables whenever the model calls for lagged values.

The first test performed was graph actual versus predicted values of our main
endogenous variable, price (Figurelll.2). As can be seen, the predicted values follow
relatively closely the actuals. On the other hand, the model can be seen to have a
dight tendency to overpredict.

The second test performed was the turning point analysis (Table Ill. 1). Of
thé 19 points for which the analysis can be realized (the observations for 1956 and
1976 are lost), for 15 points or 79 percent of the time the model correctly predicts
the existence or not of a turning point. More specifically, of the eight actual turning
points, seven (88 percent) were correctly predicted, and of the 11 non turning points
eight (73 percent) were also correctly predicted. These results are very satisfactory-

Four mean forecast measures for price were estimated: the mean forecast error
for levels (MFE), the mean percent forecast error (percent (MFE), the root mean
square error for levels (RMS) and the root mean square percent forecast error
(percent RMS). The following formulas were used :

N N
IR = Al r [Py - AN
MFE = t=1 s X MFE = t= ¥
N i

N £ ]
b3 [, - A.]1°
RMS = [ =1 = °
N
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where P and A denote predicted and actual values of cocoa price, respectively and
a bar denotes an average. The results are shown in Table 111.2. Both the mean
forecast errors have the defect of alowing errors in opposite direction to cance
each other out. The RMS is difficult to evaluate without comparing it to the same
measure of a similar model, or a measure of variability of the actual prices. The
percent RMS is the best, as it gives us an indication of how much isthe average
error in percentage terms without alowing errors in opposite directions to cancel
out. It is amilar to the standard deviation of the percent error of prediction. None
of the four measures are «large» (compare them with the standard deviation of the
actual time series), athough the percent RMS indicates that on average, our pre-
diction was 32 percent off when both over and under predictions are taken into
account.

The three measures taken simultaneously suggest that the model, while pre-
dicting correctly the directions of the changesin price is relatively less able to fore-
cast the absolute levels of cocoa price. In fact, the two mean forecast error measures
are positive, which confirm our impression that the model overpredicts on the
average. When both negative and positive residuals are evaluated, the modd is on
average 32 percent inexact. These errors can be explained in part by the assumed
linearity and the limited number of explanatory variables. The levd of aggregation
is aso important. It explains why, for example, on the supply-side the price of
a competitive product (e.g., coffeg) was found to be datisticaly insignificant (see
Lee, 1980, Chapter 3). Therefore, given its smplicity and its leve of aggregation,
and for the purposes of this study, the modd performance is satisfactory.

TABLE IIL1. TURNING POINT ANALYSIS

Predicted | ]
Actual | No Turning Point Turning Point
No Turning Point 8 7
Turning Point ? 1 7

TABLE III.2. MEAN FORECAST MEASURES

"~ Mean Forecast |  Root Mean Standard Deviation
Error Forecast Error of the Actual Price
|
For Levels 13.1 I 30.2 38.8
For Percentage 15.3 i 31.9
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Figure III. 2: Actual Versus Simulated Values for Price, 1956 - 1976
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V. SIMULATION RESULTS AND STATISTICAL ANALYSIS

As pointed out previously, the purpose of the paper is to evaluate alternative
cocoa huffer stock policies on the basis of total cocoa purchases or saleswhich are
likely to be required over the period 1977- 96. The characteristics of each buffer
stock policy are two; the target price use dand the range over which the price
is alowed to fluctnate around the target price. The following four policies are con-
sidered :

Policy P,

The target price for each year is established after calculating supply and de-
mand for that year based on the trends of production and income. The actual price
is assumed to be equal to the target price.

Policy P,

The target price is the same as in Policy P;. The actual price is alowed to
fluctuatewithin a 20 percent range or below the target price.

Policy Ps

The target price is a three year moving average of the actual prices. The actual
price is assumed equal to the target price.

The target price is the same as in Policy P3. The actual price is alowed to
fluctuate within a 20 percent range above and below the target price.

Apart from the buffer stock policy ai second factor influencing the levels of
purchases and sales of cocoa by the buffer stock is the actual increase of lincome in
the various groups of countries. The reason for is that income growth in the various
groups of countries influences demand for cocoa and as a result the amounts of
cocoawhich have to be placed or withdrawn from the market to stabilize the price.
Resultswere obtained for three different levels of income growth, high (H), meduim

(M), and low (L).
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The results are shown in Tables IV. 1 and IV. 2. Table IV. 1 shows the annual
purchases (positive numbers) or sales (negative numbers) of cocoa by the buffer
stock, under alternative buffer stock policies and income growth levels. Table IV.2
shows total and mean purchases or sales of cocoa by the buffer stock over the 20-
year period examined for the various policies which are considered.

In the following section the impact of the various policies will be examined
statistically to see if there are significant differences between the four policies. The
analysis is based on Table IV. 2.

a. F-Test

The F-test is used to test the null hypothesis, H,, that the mean purchases or
sales of cocoa by the buffer stock over the 20-year period are equal under the
four different policies.

Ho:Y =Y, =Y, =Y,

The two way analysis of variance which is necessary in this case, is shown in
Table IV.3. From Table IV. 3 one can see that the null hypothesis is rejected at
the  =0.10 level of gisnificance.

b.Multiple Comparisons

Dunnett's method of multiple comparisons was used in order to compare one
specific mean, called the control mean (in this case Y4) with all others. Since Dunnett's
test refers to single-factor experiments, a one way analysis of variance was perfor-
med. This is shown in Table IV. 4. As Table IV. 4 shows null hypothesis that Y, —
Y,=Y,=Y, is not rejected for both =0.05 and =0.10. However, since F, |
(experiment) = 2.62 is close to F, , (tables) =2.92 at the 00 =0.10 significance level,
it was decided to perform Dunnett's test. Dunnett's t-statistic (d) was available only
at the =0.05 and =0,25 significance levels. In Dunnett's method of multiple
comparisons the confidence interval is given by the following relationship :

(Yj — Y4) + dmu 4/ MSe/nj=1,2,3
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TABLE IV. Simulated yearly buffer stock purchases and sales of cocoa (thousand long tons
during period 1977 - 1996.

Policy (Py) Policy (P2)
Year H M L H M L
1977 135:9 138.3 141.0 34.8 37.2 39.9
1978 191.6 199.3 206.3 89.5 97.2 104.2
1979 93.6 108.3 1222 - 5.2 19.1
1980 48.8 71.8 93.8 — — —
1981 28.4 60.5 91.5 - — —
1982 107.3 149.5 189.7 1.2 433 83.6
1983 160.0 212.6 2624 529 105.4 155.3
1984 86.8 150.3 209.9 — 42.1 101.7
1985 136.1 21.08 280.4 27.0 101.6 171.2
1986 6.7 92.2 171.0 = - 60.8
1987 — 48.0 47.5 135.0 — — 23.8
1988 - 20 103.5 198.8 — —_ 86.6
1989 — 55.6 56.2 163.0 — - 49.7
1990 - 524 70.3. 184.4 — 70.2
1991 -159.1 24.6 96.9 — 439 — =
1992 -104.0 43.3 172.7 -— — 56.4
1993 -158.6 2.3 140.4 - 41.3 — 23.2
1994 —242.5 - 67.2 80.6 -124.2 —
1995 -167.3 23.6 182.3 ~ 48.0 -— 63.0
1996 -193.0 15.0 185.5 - 72.8 o 65.2
Total -187.4 1663.5 3307.8 -124.9 452.1 1174.0 ‘

716



TABLE IV. 1. (continued)

Policy (Py) Policy (P3)
Year H M L H M L
1977 29 53 8.0 — — =
1978 45.2 51.9 58.2 — —_ gy
1979 - 73.7 -62.3 514 - 4.0 — —
1980 -101.7 87.5 - 728 - 27.7 -14.8 - 20
1981 - 93.0 - 759 -59.4 - 59.4 — —
1982 40.2 68.3 77.0 — = e
1983 88.2 108.5 127.2 — 22.2 47.1
1984 - 219 -~ 07 18.3 — — =5
1985 7.9 30.0 49.3 — = e
1986 -131.2 -109.1 - 90.0 - 48.6 -39.2 -32.0
1987 -134.7 -113.9 -95.8 40.8 ~250 -31.0
1988 — 439 - 23.5 - 69 — - ik
1989 - 51.6 - 349 - 15.6 —_ — ==\
1990 - 276 - 88 8.8 — = e
1991 -132.6 -111.4 - 955 - 121 -13.5 -18.8
1992 - 252 - 10 14.4 — s -
1993 - 63.8 - 37.6 - 20.9 — 2 b s
1994 -112.2 - 844 - 66.3 .- — —_
1995 - 9.2 20.8 49.8 — S —
1996 - 13.9 18.6 40.9 — — e
Total -851.8 —447.6 -~ 199 -192.6 -80.3 -36.7
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TABLE IV 2. Total purchases of cocoa (thousand long tons) during period 1977 - 1996
alternative policies.

Policy Py Py Py Py Sum
Income
I i s b
H ~187.4  -124.9 -851.8 ~192.6 ~1356.7
M 1663.5 432.1 —447.6 - 80.3 1567.7
L 3307.8 1174.0 - 19.9 - 36.7 4425.2
Sum 4783.9 1481.2 —~1319.3 -309.6 4636.2
Mean (Yy) 13594.6 493.7 ~439.8 -103.2
TABLE IV. 3. Statistics for two ~way analysis of variance.
Degrees of Mean
Source of Variation Squares Freedom Square F
Between policies 7,180,823 3 2,393,608 4.57
Between different levels
of income growth 4,178, 982 2 2, 089, 491 3,99
Error 3,144,672 6 524,112
Total 14, 504, 477 11
F3.,5 = 4,76cc = 0,05 Fog=3514c = 0.05

Fa,6=3.29¢¢ = 0.10

Fa,s=3460 =0.10
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where :

d_,, = tabulated Dunnett's t-statistic
m= 3 = number of sample means excluding the control mean
1N = 3 = number of replications

u= M(n—1) = degrees of freedom of MS e (mean square error).

For 8 = 0.05, d3,6 — 2.56 and the above relationship becomes :

Yj — Y,+£2000

For 5=0.25 d3,6= 1.32 and the above relationship becomes :

Yj — Y, + 1031

From Table IV. 5 it is clear that none of the differences are significant at the
0.05 level while Y, — Y, is significant at the 0.?5 level.

c. Comparisons Among Target Prices

The purpose of this test is to examine whether the type of target price used
(moving average or target price derived from long run trends in supply and income)
has any significan impact on the amount of cocoa accumulated by the buffer stock
over the 20-year period.

Thus the null hypothesis in this case is :

Ho: -4 Yi +-yYe— 22~ —y Y4
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TABLE IV. 4. Statistics for one -way analysis of varlance

Source of Sum of Degrees of Mean
Variation Squares Freednm Square F
Between Policies 7,180,823 3 2,396,608 2.62
Error 7,323,654 8 915,457
Total 14,504,477 11

F3,8=407 & = 0.05
F3,8 = 292 8=0.10

TABLE IV.5. Difference of sample mean(Y; - Y3)

j 1 2 3
Y-V, 1697.8* 596.9 —1010
at 8§ = 0.05 dy,6 = 2.42

Confidence Allowance - 2000
none of the diferences are significant

at= 0.25 dz,g = 1.32

Confidence Allowance - 1031
only diference Yy - Y4 is significant.
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or

or

So

Y;—{w—I—Yg—-—l— Ys -——-—-]-l- Yi=0

HafL_‘.: 3 3

2
2

1 1
Ly =_jl_ (4783.9) —1—7(—#-1319.3)———; (1481.2)%—{—309.6)

L, = 3947.

4 2

SL; = MSE > A where Ay = A =17
=y

1

ha=hi=——7

n = number of replications =3

SL; (standard debiation of Li)=4/915457(0.333)= 552.4

394.7

S, t(experimental) =

tm(n—1) =tg(tables) = 2.306 for &« = 0.05

Since t(exp) s tg (tables) the null hypothes’s is rejected.

d. Comparisons Among Permissible Price Ranges Around

Price.

The purpose of this test is to examine whether the range over which the price

is dlowed to fluctuate around the target price has a sgnificant impact on the amount
of cocoa accumulated by the buffer stock over the 20-year period. As mentioned
before, the cases examined were two ; the actual price has to be equa to the target
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price (Policies P; and P3) and the actual price is allowed to fluctuate within a 20
percent range over or below the target price (Policies P, and Ps).

Thus the null hypothesis in this case is :

I 1 I 1
H, : —Z—Yl -+ 7.Y3= —i-—Y‘z ‘!‘ 'E"‘Yai
or
i I 1 1
Hy:Ly= ""i-Yl + ‘Q'“Y.‘i = E—YQ —TYi =0
L =L 4783.9) +-L1-319.3--L(1481.2) - L (-309.6)
= = = 2 . T 2 . 2 o 2 ( *

Ly = 1146.5
SLa =V 915457(0.3333) = 552.4

1146.5

S t(exp) = = 2.075

552.4

Since Tg(tables) = 2.306 for a= 0.05 the null hypothesis is not rejected. At

the 0.10 significance level tg(tables) = 1.86 ; so at this level of significance the null
hypothesis is rejected.
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e. Comparisons among Permissible Price Ranges when

Target Price is Calculated from
and Supply

The null hypothesisinthiscaseis:

Ho: 1Yl =1Y2

or

Ho :Ly=1Y1 —1Y2=0

Ls 4783.9 - 1481.2 = 3302.7

VSm = 015457 (_?] _;-)n 781.2

3302.7

S tlexp)=- =423

781.2

Trends in Income

tg(tables) for oc = 0.05 = 2.306 so null hypothesis is rejected.

f. Comparisons among Permissible Price Ranges when
Target Price is Calculated as a Three-Year Average

The null hypothesisin this case :

Ho:1Y3=1Y 4
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or

Ho :L4=1Y3 —1Y4=0

Li=1319.3 — 309.6 = 1009.7

=V g1s4s7 (543 =812

1009.7
So t(experiment) = ———— = 1.292
781.2

Since tg(tables) = 2.306 foret = 0.05

and tg(tables) = 1.860 for «c = 0.10

the null hypothesisis not rejected at both significanse levels. A summary of compa-
risons 3, 4, 5, and 6 is presented in Table| V.6.
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V. CONCLUSION

The model that was used proved to be stable and explained to a great extent
ectual behaviour of the cocoa market.

The study also aso that the target price is the most important factor
influencing the performance of the buffer stock when performance is measured
as cocoa stocks accumulated during the 20 - year period. Thus, if a target price
above the long run equilibrium is used as away to transfer income to exporting
countries excessive stocks of cocoawill have to be accumulated. Because of this
problem this policy does not seem to be feasible. The policy which combines a
moving average target pricewith a 20 percent price range results in the minimum
accumulation of cocoa stocks. If more price stability is desired, the price range
should be reduced at the cost of higher cocoa accumulations.

Finally, the study shows that the rate of growth in income has a significant
impact on the amount of cocoa accumulated by the buffer stock in  order to keep
the price within the desired range ; for this reason a better knowledge of the li-
kely lever of income growth in the various groups of countries will improve
the predictions of the cost of the various buffer stock palicies.
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