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Abstract Since the liberalization took place in 1996 in Togo, smallholder coffee and cocoa producers have experienced
large fluctuations in prices, resulting in falls of their incomes. This paper assesses the extent to which the price volatility
affects the supply of coffee and cocoa and how producers react given the nature of price volatility. To this end, we used the
Generalized Autoregressive Conditional Heteroscedastic (GARCH) model to assess producers’ expectations about expected
price and expected price volatility. The symmetric and asymmetric GARCH models were tested and the asymmetric and
nonlinear GARCH model appeared to be particularly appropriate to describe the coffee and cocoa prices response. The coffee
and cocoa price volatility was found to have a high negative effect on production. The result indicated that coffee and cocoa
producers are risk averse. Asymmetric effect was detected on price volatility and farmers seem to respond differently
depending on whether the price decrease or increase. The supply price elasticities were found to be positive but the high
negative effect of price volatility in coffee and cocoa production is likely to affect production decisions and is probably an
important reason why there is stagnation in coffee and cocoa production during the last decade. There is a need to explore

innovative way to mitigate the adverse effects of price volatility.
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1. Introduction

In recent decades, changes in commodity markets have
put producers in critical situation. The international context
seems more and more unfavorable to producers. Indeed,
the process of liberalization initiated since the 1980s has
contributed to the transmission of price volatility from the
world market to local markets (Rezitis and Stavropoulos,
2012). The volatility of international agricultural prices,
usually defined as the average of price deviations from the
trend, turned out to be much higher, following agricultural
market liberalization which was accompanied by the
removal of price stabilization mechanisms. Thus producers,
whose capacity to manage shocks is low, are more exposed
to international price volatility (Subervie, 2008).

One of the main threats faced by producers in developing
countries nowadays, concerns both the sharp drop of
international price and by extension, the producer price of
basic agricultural products. If these prices cannot be
anticipated, production decisions cannot be made efficiently.
In addition, small producers generally do not have effective
insurance instruments to cope with large falls in income,
which contributes to their vulnerability.
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Price volatility represents an important supply risk factor,
especially in agricultural export products. Agricultural prices
tend to be more volatile due to seasonality, inelastic demand,
and production uncertainty (Assefa et al. 2015, Taya 2012)
and also because many agricultural export products prices,
such as coffee and cocoa, are determined on international
markets. Price fluctuations translate into a significant price
risk. Thus, an increase in price volatility implies higher
uncertainty about future prices, a fact that can affect
producers’ welfare, especially in the absence of a hedging
mechanism.

In the Togolese context, since the liberalization that took
place in 1996, smallholder coffee and cocoa producers have
faced large fluctuations in prices, resulting in falls in income.
Some actors of rural sector think that the stagnation of
production observed over the past ten years is due to the
response of producers to the volatility of coffee and cocoa
prices (Yovo, 2019). The objective of this paper is to analyze
the effect of price volatility on the supply of coffee and cocoa.
Specifically, the study firstly, assesses the extent to which
the price volatility affects the supply of coffee and cocoa;
secondly, to appreciate the nature of producer price volatility
of coffee and cocoa; and third, to know how producers react
given the asymmetric nature or not of price volatility.

These research subjects are of capital importance for the
Togolese economy given the place occupied by coffee and
cocoa in the Togolese economy. Indeed, the coffee and
cocoa sectors represent only 2% of Togolese GDP, but they
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are very important from a social and economic point of view,
supporting a large number of direct and indirect actors,
including 32,000 producer households. Second and third
export crop after cotton, coffee and cocoa represent a source
of income for rural households (Yovo, 2019). The coffee and
cocoa remain strategic crops for Togo due to the fact that
they bring a substantial amount of foreign currency into the
country and also because they create a lot of jobs through the
large amount of labor required by the different value chains.
In 2016, the two sectors generated 32,000 direct jobs and
93,000 indirect jobs. Forecasts for the year 2030 indicate
41,700 direct jobs and 125,000 indirect jobs.

The coffee and cocoa sectors also allow the development
of production areas in terms of roads and various
socio-economic infrastructures (Yovo, 2018).

The rest of the paper is organized as follow. In the next
section, the article presents the literature review on supply
response and volatility. Section 2 relate to methodology
depicts the theoretical and empirical model of the response to
the price volatility and describes the data. The third section
discusses the results and draws a conclusion.

2. Literature Review

Supply response analysis has long been a matter of interest
in agricultural economics. Several authors have assessed the
effect of price uncertainty in agricultural supply response.
For example, Kane and Piot-Lepetit (2017) analyze the
supply response to price and volatility of major staple crops
grown by agricultural households in Cameroon. The results
from the autoregressive distributed lag (ARDL) bounds
testing approach suggest that farmers are not responsive to
economic incentives such as prices in short-run. Moreover,
results show that producers respond to price volatility
by increasing the area under cultivation and reducing
investments in improving vyields. As for Rezitis and
Stavropoulos (2009), they have estimated supply response
of the Greek pork industry using alternative volatility
models. In their study, the authors used the Generalized
Autoregressive Conditional Heteroskedasticity (GARCH)
process to characterize the time varying attributes of
expected price and price volatility of pork market. In order to
investigate the existence of possible asymmetry in the
behavior of price volatility, the authors used an asymmetric
GARCH models. Asymmetric price volatility is observed
when different volatility is recorded between an increase and
a decrease of price of the same amount. In the case of the
agricultural markets, the existence of price asymmetry can
provide useful information about possible market power. For
example, the presence of positive asymmetric price volatility
suggests that producers react faster to price increases due to
““good news’’ than in case of ‘‘bad news’’ when the price
decreases. This behavior implies that producers may have
some market power, allowing them to take advantage of
positive shocks by immediately increasing prices, while, in

case of negative shocks, delaying price decreases. Negative
asymmetric price volatility suggests that producers’ position
in chain is weak and they are unable to exploit any ‘‘good
news’’ by immediately increasing prices, while in the case of
“‘bad news,’’ they are instantly forced to decrease prices.
The hypothesis of asymmetric price volatility was also
analytically investigated by Engle and Ng (1993) on finance
markets and by Zheng et al. (2008) on the U.S. food market.

The contribution of the current paper in the existing
literature is to investigate the hypothesis of asymmetric price
volatility and to see if the asymmetric GARCH model is
appropriate to describe the cocoa and coffee response in
Togo, one of the countries in West Africa that produces
coffee and cocoa.

3. Methodology

The present section describes the theoretical model, the
empirical model and the data.

3.1. Theoretical Model

The coffee or cocoa supply equation model can be
described as:

Y =ag+ a1 Pf + ayh + a3X; + & 1)

Where Y, is the coffee or cocoa production. Pf is the
expected price, h, is the expected price variance which
measures volatility, X, is a vector of independent variables,
& 1s a mean zero normally distributed error term. Then the
GARCH (p, q) process is used to generate the variables Pf
and h, given as:

n
Pflwe s =bo+ Y bR +e, @
1

p a
he =c¢y + Z criel + Z Caihe— 3)
i=1 i=1

Where e; w1 ~ N (0, hy), ¢g>0; ¢c;; =0; ¢y =
0; Yoy + Xy <1

The autoregressive conditional heteroskedastic (ARCH)
model of Engle (1982) allows the conditional variance, h;
to depend on past volatility measured as a linear function
of past errors, e,, while leaving unconditional variance
constant. Thus, in Equation (2), e, is a discrete time
stochastic error, and w,_; is the information set of all past
states up to the time t-1.

Bollerslev (1986) developed the generalized ARCH (p, q)
[GARCH (p, q)] specification. Following this specification,
h, is defined as in Equation (3), which is called GARCH
conditional variance equation. According to Equation (3),
the conditional variance h, is specified as a linear function
of p lagged squared residuals and its own g lagged
conditional variances. As the variance is expected to be
positive, the coefficients ¢y, cy;, cp; are always positive.
Also the stationarity of the variance is preserved by the
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restriction Y ¢;; + Y ¢y < 1.

The predictions of Pf and h, generated by the GARCH
model are used directly to estimate supply Equation 1 (Holt
and Aradhyula, 1990). In particular, the authors used the
simple symmetric GARCH model to generate the variables
of expected price and price volatility, which are introduced
in the supply response model.

Although the simple GARCH model has been found to
provide a good representation of volatility process, the
literature offers many alternative specifications.

A very important specification has to do with asymmetry.
The asymmetric effect is observed when a different volatility
is recorded in case of a fall in price or in case of an increase
(i.e., bad and good news). The standard GARCH model used
above cannot capture the asymmetry as far as the error term,
€t, which represents the unexpected price shock, enters the
conditional variance equation as a square, indicating thus
that there is no difference whether the price shock is positive
or negative. Asymmetric GARCH model takes account of
skewed distributions in which good news and bad news have
a different effect on volatility. A characteristic asymmetric
GARCH model is the nonlinear asymmetric GARCH
(NAGARCH) developed by Engle and Ng. In this model
Equations (2) and (3) presented above are described as:
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Where €. lw,_1 ~ N (0,h), ¢¢>0;¢; =20,i=
1,06, 20,i=1,....,q; Xcpy + ey <1

This model defines volatility as a nonlinear asymmetric
function of past periods’ shocks and volatility, and if c; # 0,
then asymmetry is present. Thus, C; is the asymmetry
parameter and if C; is positive, then a positive shock causes
more volatility than a negative shock of the same size.

Besides the NAGARCH model described above,
Equations (4) and (5) have been properly modified to
specify four additional symmetric and asymmetric
GARCH models, in order to detect which one of them fits
better. Finally, the 4 GARCH models estimated in this
study are: linear symmetric GARCH developed by
Bollerslev (1986), nonlinear symmetric GARCH (NGARCH)
developed by Engle and Bollerslev (1986), asymmetric
GARCH (AGARCH) developed by Engle (1990), nonlinear
asymmetric GARCH (NAGARCH) developed by Engle and
Ng (1993).
3.2. Empirical Model

The coffee and cocoa response equation (1) is specified as:

Q: = ag+ aPf + ayh, + a3Q,_1 + a4,Trend + asRER,
+a¢PF, + a;Rain, , agRain? + &, (6)

Where:
Q; is the coffee or cocoa production in time t;

P£ is the expected coffee or cocoa price in time t;

h, is the expected price variance which measures
volatility;

Trend is a trend component;

RER,: Real Exchange Rate in time t;

PF, is real price of pesticide;

Rain, is the quantity of rain fallen in time t;

& iserror term

The expected price, P and the price volatility term, h,
are considered to be important risk factors of supply. A trend
component (Trend) is used to capture technological change
in the production process. The variable RER,, the real
exchange rate in year t is introduced in the model in order to
capture the effect of international price; Rain, is the
quantity of rain fallen in the year, as climate factor affecting
the supply.

The specification of the expected price equation is given
as:

Pte = bo + blpt—l + bZPt—Z + Trend + €

Where:

P£ is the expected coffee or cocoa price in time t;

P,_; isthe coffee or cocoa price in time t-1;

P,_, is the coffee or cocoa price in time t-2;

Trend is atrend component;

e, iserror term

Two lags were found sufficient to capture the effect of past
price in equation (8). The trend component (Trend) is used to
capture the behavior of prices during the sample period.
Equation (8) is estimated for all the four different GARCH
models retained for the analysis.

Thus, the variance equation of the GARCH (1, 1) model is
used and it is given by:

U]

he = co + cref1 + chey (8)

The equation (8) is modified according to the four
specifications of GARCH retained for the analysis.

3.3. Data Description

Data used in this study are annual time series for the
period of January 1980 to 2018. They are drawn from three
different sources. The coffee and cocoa quantities, the
rainfall amount, the producer prices of coffee and cocoa were
extracted from the database of DSID, the National Office of
Statistics, Informatics and Documentation which is the
department of Agriculture Ministry in charge of agricultural
statistics. The price of fertilizer, the price of fungi and the
real exchange rate are extracted from National Institute of
Economic Statistics and Demographic Studies (INSEED)
database.

All variables were transformed into logarithms and all
prices were deflated by the consumer price index (1990).

Table 1 in appendix shows descriptive statistics of
variables related to the models estimated. It appears that
during the period 1980-2018, coffee production fluctuated
between 2,689 and 24,900 tons with an annual average of
12,056 tons. As for cocoa, its production fluctuates more,
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between 4,100 and 142,500 tons with an annual average of
27,736 tons. The coffee and cocoa prices also experienced
large fluctuations during the period with an annual average
price of 855 FCFA / Kg for coffee and 916 FCFA / Kg for
cocoa.

4. Empirical Result and Discussion

Figure 1 in appendix depicts the evolution of coffee and
cocoa price volatility from 1960 to 2018. In general, price
volatility increased from 3-15% before liberalization to
30-40% with liberalization. It appears that the volatility of
coffee and cocoa prices, defined as the average of the price
deviations from the trend, turned out to be much higher
following the liberalization of the two markets. This
volatility increase can be explained by the removal of price
stabilization mechanisms. A similar effect on agricultural
price volatility due to market liberalization was found by
Subervie (2008) who concluded that in the developing
countries, agricultural liberalization policy caused an
increase in price volatility for some agricultural products
such as coffee and cocoa. Price volatility represents an
important risk factor of supply, especially in agricultural
products. An increase in price volatility implies higher
uncertainty about future prices, a fact that can affect
producers’ welfare especially in the absence of a hedging
mechanism.

To test the effect of price volatility on coffee and cocoa
supply, we first performed the unit root test then we
estimated expected price equation and supply equation with
alternative GARCH model.

4.1. Unit Root Test

Table 2 in appendix provides the results of unit root
tests on the data. Augmented Dickey Fuller (ADF) and
Phillips-Perron (PP) tests are evaluated. The results show
that all the variables are stationary when we consider the
trend. These results justify the inclusion of time trend (Trend)
in estimated equations of supply and expected price.

4.2. Estimations Results

The purpose of the GARCH, NGARCH, AGARCH and
NAGARCH tests of supply response and expected price
equation is to identify the effects of positive and negative
changes in price on coffee and cocoa supply in Togo. The
results of the alternatives GARCH estimation for the
expected price equation and supply response are shown in
Table 3 and table 4 in appendix for coffee and cocoa
respectively. It appeared necessary to separate the two
results because of the specificity of each product. Firstly, the
trend and the magnitude of the prices series are not the same.
Secondly, the production technology is also not the same. To
produce coffee, producers use fertilizer whereas for cocoa
production pesticide is required as factor production. Despite
the apparent differences, the estimation results are similar for

the four alternative GARCH models.

In order to evaluate the effect of price volatility on the
coffee and cocoa response, the expected price and variance
equations are estimated first before executing the supply
response equations. As a result, the expected real producer
price (P¢) and expected variance of real producer price (h;)
can be included in supply response equation as one of
independent variables. Tables 3 and 4 present the estimated
parameters of the supply response and price equations for
the alternative GARCH models. Residual diagnostic tests
are performed in order to check the explanatory power of
the four alternative supply-price systems. In particular,
Ljung-Box Q(m) statistics are performed for the
standardized residuals and squared standardized residuals in
order to check upon serial correlation and heteroscedasticity,
respectively, and the Schwarz information criterion (SIC) is
also used to rank the models because it allows a degree
of freedom free comparison of the models’ performance.
As aforementioned, four GARCH models are estimated in
this study: the linear symmetric GARCH; the nonlinear
symmetric GARCH (NGARCH); the asymmetric GARCH
(AGARCH) and the nonlinear asymmetric GARCH
(NAGARCH).

The residual tests for the supply response equation for
each of the four models presented in Tables 3 and 4 in
appendix indicate that the best performance belongs to
NAGARCH model which presents no heteroscedasticity for
all the examined lags at the 5% level of significance, no
autocorrelation at the 5% level of significance. With regard
to the price equation, residual tests presented in the two
tables, all four models present no heteroscedasticity and no
autocorrelation for all the examined alternatives at the 5%
level of significance. Thus, the residual tests in both supply
and price equations indicate that NAGARCH model
achieves the best performance. Finally, a comparison of SIC
values indicates that the NAGARCH model is the most
appropriate one to describe the supply-price equation system
for coffee and cocoa production.

Analyzing the estimated parameters of the NAGARCH
model, presented in Table 3 in appendix, it is apparent that
the magnitude of ¢, is larger than the magnitude of c, that is,
0.47 and 0.21 respectively. The size of ¢, and ¢, parameters
determines the short-run dynamics of price volatility. Since
C, has a larger value, this indicates that volatility is persistent
and shocks to conditional variance take a long time to die out.
A similar result is obtained for cocoa in table 4.

The asymmetry factor, cs, is statistically significant for the
two products, indicating the presence of asymmetric price
volatility for coffee and cocoa markets. This means that a
negative shock does not causes equal price volatility with a
positive shock of the same size. The coffee and cocoa
producers seem to react differently in case of ‘‘bad news”’
(which pushes them to decrease prices) as in case of “‘good
news’’ (when they increase prices). The fact that producers
do not respond equally to unexpected price increases and
decreases, suggests that there is evidence of market power.
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In other words, producers appear to react asymmetrically in
case of “‘good’’ or ‘“‘bad’’ news. This result is in line with
Yovo (2019) findings relate to coffee and cocoa market in
Togo. Using tests based on the TAR model, Yovo (2019)
demonstrated the existence of asymmetric transmission of
international price shocks to producer prices of coffee and
cocoa in Togo. The author showed that domestic prices for
coffee and cocoa respond less quickly to increases in
international prices than to decreases, confirming the thesis
of producers relating to the inflexibility in the transmission
of increases in international prices of coffee and cocoa in
Togo. Furthermore the study highlighted how commercial
intermediaries influence the dynamics of adjustment of the
producer price, introducing into the transmission between
prices an asymmetry clearly unfavorable to producers. The
asymmetry in price transmission had been also highlighted
by Yovo (2017) in cereals sub sector in Togo.

Table 3 and 4 in appendix presents also the estimated
parameters of the supply response equation of the
NAGARCH model. All the estimated coefficients have the
theoretically expected signs and they are significant at 5%.
Short-run supply price elasticity given by the estimated
coefficient is small but still positive, that is, a;= 0.05 and
0.03 respectively for coffee and cocoa, indicating that an
expected coffee and cocoa prices increase induce low
reaction of producers. In line with the literature who finds
that generally in Africa, farmers react slowly to prices
increase. Some studies showed that the price elasticities of
the aggregate supply reaction function are generally low,
varying between 0.2 and 0.4. Other studies indicated that the
elasticities of aggregate supply to price incentives vary
between 0.3 and 0.9.and are lower than the elasticities of the
other variables incorporated in a supply model (Koffi-Tessio,
2000).

Moreover, the sign of the estimated coefficient for the
expected price volatility is negative, that is, a, = -0.27 for
coffee and —0.29 for cocoa. The sign is what is expected.
This result means that the coffee and cocoa supply can
decrease respectively for 27% and 29% if the volatility
doubles. This is relatively important, if we considered that
the price volatility can easily vary from 5% a 10%. It can be
concluded that price volatility is a serious risk factor in the
coffee and cocoa production. This result is in accordance
with Subervie (2008) who found similar values. In fact,
Subervie (2008) estimated the elasticity of aggregate supply
with respect to the price volatility of 10 agricultural products
including coffee and cocoa in 25 countries over the period
1991-2005, a period when most agricultural sectors were
liberalized. The author obtained an elasticity of -0.23 for the
short term and -0.37 for the long term.

Furthermore, the coefficients of the fertilizer price for
coffee production and the pesticide price for cocoa
production are respectively ag =-0.03 and -0.06 are negative

Appendix

but small. These results indicate that these production costs
are less important.

The rainfall affect negatively the coffee and cocoa supply.
The coefficients are respectively a; = -0.13 and -0.12. These
results show that beyond or below a threshold level of
rainfall, the supply decreases indicating that this climate
variable is not an insignificant risk factor of coffee and cocoa
production.

Overall, the important constraint which faced farmers, in
their attempt to expand their farm size and invest in more
productive technologies in order to boost their production, is
the price volatility and is probably an important reason why
there is a decline in coffee and cocoa production during
the last two decades. There is a need to explore innovative
way to mitigate the adverse effects of price volatility. For
example, policymakers can improve producers’ flexibility in
response to price changes by supporting contract farming
and price insurance mechanisms.

5. Conclusions and Policy Implication

Since the liberalization took place in 1996 in Togo,
smallholder coffee and cocoa producers have experienced
large fluctuations in prices, resulting in falls of their incomes.
This paper assesses the extent to which the price volatility
affects the supply of coffee and cocoa and how producers
react given the nature of price volatility. To this end, we used
data from DSID and INSEED, the national statistical
databases. The empirical analysis used the GARCH process
to model producers’ expectations about expected price
and expected price volatility. Several different symmetric
and asymmetric GARCH models were tested and the
NAGARCH model appeared to be particularly appropriate to
describe the coffee and cocoa prices response. Coffee and
cocoa price volatility was found to have a negative effect on
production, a result indicating that coffee and cocoa
producers are risk averse. Asymmetric effect was detected
on price volatility and producers seem to respond differently
in case of decrease prices as in case of increase prices. The
supply price elasticities were found to be positive. The Price
uncertainty appears to have a strong negative effect on coffee
and cocoa producers, which might be an important constraint
in their attempt to expand their farm size and invest in more
productive technologies. This high negative effect of price
volatility in coffee and cocoa production is likely to affect
production decisions and is probably an important reason
why there is a decline in coffee and cocoa production during
the last two decades. There is a need to explore innovative
way to mitigate the adverse effects of price volatility. For
example, policymakers can improve producers’ flexibility in
response to price changes by supporting contract farming
and price insurance mechanisms.
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Table 1. Descriptive statistics

Variables Mean Standard Deviation Min Max
Coffee production (Tons) 12056 4678 2689 24900
Cocoa production (Tons) 27736 3638 4100 142500
Coffee price (FCFA/KQ) 855 343 217 2041
Cocoa price (FCFA/KQ) 916 394 265 2054
Fertilizer price (FCFA/bag) 8400 23 7500 16000
Pesticide price (FCFA/liter) 6500 107 132 8700
RER 397 155 210 786
Rainfall (mm) 1100 211 540 2010

Source: Author’s calculation based on data from DSID and INSEED databases.

Table 2. Results with unit roots tests

Variables ADF with  ADF with Intercept  Philip Peron with Philip Peron with

Intercept and trend Intercept Intercept and trend
Coffee production -3.12** -5.87*** -4.12* -7.80***
Cocoa production -2.86* -3.96%** -2.52 -5.53***
Coffee price -2.07 -2.89** -2.12 -4.25%*
Cocoa price -1.35 -2.90** -1.40 -4.27%*
Fertilizer price -2.33 -3.08** -2.09 -4.31**
Pesticide price -2.52 -3.27** -2.17 -4.20*
RER -1.20 -2.63* -1.21 -4.42%*
Rainfall -2.59* -6.68*** -4.23** -6.73***

Source: Author’s calculation based on data from DSID and INSEED DATABASES. The critical Mackinnon values of
ADF test are: (—3.46) for 1%; (—2.87) for 5%, (—2.57) for 10%. The critical values for Perron test are: (—4.48) for 1% and
(—4.17) for 5%. The numbers of lags necessary to obtain white noise (no autocorrelated

Table 3. Results of coffee Price Volatility and Supply Response

Variables GARCH (11) NGARCH (1,1) AGARCH (1,1) NAGARCH (1,1)
1. Expected price equation (7)

bo -0.35 0.23 9.52* 23.30**
Pe1(by) 0.54** 0.07** 0.12** 0.81*
Pia(b2) 0.38** 0.18** 0.15** 0.63*

Trend(bs) 0;03 0.23 0.04 0.18**
Q (m) 5.02 3.19 7.23 22.23
Q¥(m) 481 7.80 6.58 19.72

2. Variance equation (8)

Co 92.05 101,04 89.36* 104.20*
%1 (cy) 2.20 0.19 2.18 0.21**
hea(c2) 0.34 0.21 0.21 0.47**

SQRT (he1) (C3) 0.32%*
3. Supply response equation (6)

ao -2.02* -3.23* -1.96* -1.89**
P (a1) 0.21 0.33* 0.27* 0.05**
hy (a2) -0.13 -0.29 -0.62* -0.27**
Qui(as) 0.03 0.22 -0.39 -0.35

Trend (aq) 0.76 2.46 1.71 0.05
RER(as) 121 0.94 0.13 0.27
Ferti(as) 0.20* 0.09 0.09* -0.03**
Rain(ar) -0.11 -0.38* -0.24 -0.13**

Rain? (ag) -0.03 -0.07 -0.06 -0.38**

SIC 7.40 9.53 11.07 30.23
Q (m) 6.12 3.64 7.30 14.52
Q?(m) 4.89 7.61 6.33 19.16

Source: Author’s calculation based on data from DSID and INSEED DATABASES.
SIC = Schwarz Information Criterion; Ljung-Box statistics Q (m) stands for serial correlation and Q2 (m) for
heteroscedasticity at m orders.
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Table 4. Results of cocoa Price Volatility and Supply Response

Variables GARCH (11) NGARCH (1,1) AGARCH (1,1) NAGARCH (1,1)
1. Expected price equation (7)

bo -0.24 0.25 8.42* 21.32**
Pr1(b1) 0.45** 0.09** 0.12** 0.71*
Pra(b2) 0.36%* 0.19%* 0.16** 0.72*

Trend(bs) 0;07 0.24 0.04 0.16**
Q (m) 5.07 3.12 7.05 14.37
Q*(m) 4.84 7.86 6.72 26.82

2. Variance equation (8)

Co 81.05 91,04 84.36* 99.21*

e%1(cy) 1.22 0.18 2.17 0.23%*

hea(c2) 0.36 0.23 0.21 0.39**
SQRT (1) (C3) 0.52%*

3. Supply response equation (6)

a -2.02* -3.23* -1.96* -1.89**

P (a1) 0.21 0.33* 0.27* 0.03**

hy (a2) -0.13 -0.29 -0.62* -0.29**
Qu1(as) 0.03 0.22 -0.39 -0.35
Trend (aq) 0.76 2.46 171 0.05
RER((as) 1.21 0.94 0.13 0.20

Pesty(as) 0.20* 0.09 0.09* -0.30**

Rainy(ay) -0.11 -0.98 -0.24 -0.12**

Rain? (as) -0.03 -0.07 -0.06 -0.31**
SIC 11.13 12.23 10.31 23.30
Q(m) 6.03 3.11 7.06 17.34
Q*(m) 5.82 7.87 8.70 29.63

Source: Author’s calculation based on data from DSID and INSEED DATABASES.
SIC = Schwarz Information Criterion; Ljung-Box statistics Q (m) stands for serial correlation and Q2 (m) for
heteroscedasticity at m orders.
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Figure 1. Evolution of coffee and cocoa prices volatility from 1960 to 2018 in Togo (Source: DSID and INSEED databases)
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