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ABSTRACT 

Using a constant relative risk aversion (CRRA) utility function that displays risk vulnerability, 

the effect of alternative investments and transaction costs on the optimal futures hedge ratio for a 

cocoa exporter exposed to price risk is investigated.  Results using cocoa cash and futures prices 

from the New York Board of Trade (NYBOT) and Ghana as the representative cocoa exporter 

indicate that optimal hedge ratios change dramatically.  These results suggest that given realistic 

hedging assumptions minimal use of the futures or not at all are superior to the full hedge.  The 

conclusions of this paper serves as a warning to economists who assert futures markets are a 

panacea for minimizing price risk for commodity revenue dependent least developing countries. 
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INTRODUCTION 

The role played by commodity export price variability both in retarding economic growth and in 

causing macroeconomic volatility continues to command significant interest in the development 

economics literature (Funke, Imam, and Granziera, 2008; Malone, 2005; Larson Verankis and 

Yakubi, 2004; Ramey and Ramey, 1995). Export revenue risk resulting from export price 

variation (Chart 1) has also been blamed for worsening the distribution of income and increasing 

the likelihood of default on sovereign debt among commodity-revenue dependent countries 

(IMF, 2003; PREM Notes, 1999 and Larson, Varangis, and Yakubi, 1998).1  Due to the heavy 

dependence of Sub-Saharan African (SSA) governments on commodity export revenue to 

finance development projects, export revenue variability and macroeconomic volatility 

emanating from export price-induced terms of trade risk can lead to non-trivial and undesirable 

consequences for Sub-Saharan African countries. For example, the SSA’s ability to meet its debt 

obligations or to carry out economic development plans or grow may be compromised.  The 

problem of commodity export price risk has assumed even greater magnitude given that the non-

market strategies to minimize commodity revenue risk such as buffer stocks, buffer funds and 

commodity agreements have failed (Larson Verangis and Yakubi 1998; Larson, Anderson and 

Verangis 2004; Morgan, 2001 and Collier and Gunning, 1999).2 

������������������������������������������������ �
1 The major cocoa producing countries in Sub-Saharan Africa are Cote d’Ivoire, Ghana, Nigeria 
and Cameroun. Together they account for about 70 percent of world cocoa bean exports (Gibson, 
2007). Also see Chart 2. 
2 Non-market risk management strategies are essentially anti-competitive practices and are 
plagued by prisoner dilemma type problems that are typically associated with collusion. Note 
that the analysis focuses on price risk alone not revenue risk. A separate analysis is needed for 
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Economists suggest that market risk strategies such as hedging may be a better risk management 

alternative to non-market strategies.3 Should the cocoa marketing boards of cocoa revenue-

dependent SSA countries hedge cocoa revenue risks? How effective would be the cocoa futures 

markets as risk-management tools? Is the utility from hedging worth the costs (direct or indirect) 

involved in hedging? Specifically how do transactions cost, alternative investment and available 

conditioning information which have been overlooked by previous agricultural economists in 

computing the price risk hedge ratio for cocoa, coffee and other commodities affect the optimal 

hedge ratios and the utility from hedging? This research will provide some answers to questions 

raised. Very few papers evaluate the market-risk-management choice for SSA cocoa producing 

countries in the agricultural economics literature. Furthermore, little empirical research that 

considers the effect of conditioning available information on the optimal hedge is available. Also 

there is no research in the risk management literature that exhaustively quantifies all costs 

(including transaction costs) and compares them to the benefits of hedging cocoa price risk.4 The 

objective of this research is to fill that gap in the literature by investigating how the optimal 

hedge ratios and the utility of cocoa exporting sovereigns in SSA is affected by hedging cocoa 

price risk using Ghana as a case study. Different from previous research, we incorporate the 

������������������������������������������������������������������������������������������������������������������������������������������������������������ �
revenue risk which includes both price risk and output risk. See McKinnon (1967); Rolfo (1980); 
Anderson and Danthine (1980); Losq (1980); Grant (1985); Lapan and Moschini (1994); Lapan 
and Moschini (1995); Lence (1996) and Agalith (2005) for further expansion of the theory of 
revenue risk minimization. 
3 To hedge commodity revenue risk in practice using futures markets is to select the portion of 
the spot positions to be covered by the opposite positions in the futures market (Myers and 
Thompson 1989; Johnson, 1960; Stein, 1961 and Hieronymus, 1971). The hedge ratio is 
typically computed as the ratio of cash price (returns) to futures price (returns). See Beninga, 
Elda and Zilcha (1983) for derivation. In the contest of regression, the slope from the� ����
regression of cash price (returns) on futures price (returns) is the hedge ratio (Ederington, 1979). 
Hedge effectiveness is measured by the R2. 
	 �See Mohan (2007) for a cost benefit analysis of hedging coffee price risk.�



 

�

�

��	 �International Journal of Global Business, 1 (1), 101-128, December 2008 

effect of transaction costs such as brokerage fees on hedge ratios and the utility of hedging cocoa 

export revenue risk. Furthermore, we analyze the effect of availability of an alternative 

investment in the form of gold on hedge ratios and utility from hedging. Apart from being the 

only analysis that incorporates transactions costs and alternative investments in computing the 

cocoa price risk hedge for a cocoa exporter, the paper is also the only one that incorporates 

conditioning information in estimating the optimal cocoa price risk hedge ratio.  

 

LITERATURE REVIEW  

The question of whether commodity export revenue dependent sovereigns should hedge export 

revenue risk was addressed by Rolfo (1980). Rolfo derived joint optimal price and output risk 

hedge ratios for the major SSA cocoa producers: Ghana, La Cote d’Ivoire (CIV) and Nigeria and 

found that minimal use of futures markets or not all may be superior to a full hedge. Rolfo 

maximized both a logarithmic utility and a quadratic utility function to derive optimal hedge 

ratios. He also defined a pre-harvest (September) to harvest (March) hedge horizon and 

employed data from 1952 to 1976 to compute standard mean-variance hedge (MVH) ratios that 

accounted for output risk. Rolfo ignored the role of conditioning available information, 

transaction costs (such as brokerage fees) and the opportunity cost due to the availability of 

alternative investment on the optimal hedge ratios and on the utility from hedging although 

Collins (1997) has demonstrated that when some of the MVH assumptions as outlined in 

Bernishka, Eldor and Zilcha 1983 (or BEK 1983) are relaxed, MVH ratios often change 
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dramatically.5 Subsequent to Rolfo, Sy (1990) compared the relative costs and benefits from 

hedging the revenue risks of a baskets of goods for CIV (cocoa, coffee and cotton). Sy focused 

primarily on the change in utility from hedging price risk when production risk is introduced into 

the standard hedging problem. He then compared the gains from using futures markets with 

those of stabilization programs. Different from Rolfo, Sy does not define a pre-harvest to harvest 

hedge horizon for his analysis. Instead, he defines an annual export price index as the ratio of 

annual total export revenue to the total export volume. He uses this annual price index (the cash) 

and annual average New York Stock Exchange futures price data from 1973-1984 to compute 

MVH ratios by OLS. 

Sy concludes similar to Rolfo that in general, the hedge ratios for cocoa price risk alone are 

positive and smaller than unity for the March contract. In contrast to Rolfo’s conclusions 

however, when production risk is introduced, its effects on the hedge ratio are not always 

negative. It can be positive depending on the joint distribution of futures prices, cash prices and 

production. However the benefits from market risk management supersedes the benefits from 

stabilization policies so in contrast to Rolfo’s conclusions, CIV will benefit greatly from hedging 

cocoa market risks. Like Rolfo, Sy doesn’t consider the effect of transactions costs or having 

some portion of the decision makers’ wealth invested in an alternative investment on optimal 

hedge ratios and the utility of hedging. Lence (1996) identifies alternative investments as a key 

relaxation of the MVH assumption with non-trivial consequences. Both Sy and Rolfo ignore the 

effects of brokerage fees on the utility from hedging therefore this research provides an 

������������������������������������������������ �

 �The relevant assumptions of the MVH model include (a) production is deterministic (b) all of 
the agent’s wealth is invested in the cash position (c) No transaction costs (d) The futures market 
is efficient so there is no role for conditioning information. See Collins (1997) and BEK (1983) 
for a full enumeration and discussion of the assumptions of the MVH.  
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exhaustive consideration of costs (direct and indirect) and the effect of investing some portion of 

wealth in an alternative investment on the utility from hedging revenue risk.  

Although not focusing on cocoa, Lence (1996)’s work is also relevant for this research because 

he investigated the effect of relaxing MVH assumptions on the optimal hedge ratio. Lence 

employed a constant absolute risk aversion (CARA) utility function that enabled him to derive 

closed form solutions for utility and opportunity cost of placing sub-optimal hedges (Lence 

1996). Lence demonstrated that in the presence of alternative investments, brokerage fees tend to 

have a greater effect on hedge ratios and greatly change the utility from hedging revenue risk so 

his model is the most applicable for this research. Furthermore because cocoa exporting SSA 

countries are often poor and cannot ignore transactions costs in deciding whether or not to hedge, 

the Lence model, which addresses the effect of transaction costs on the optimal hedge ratio is the 

most applicable. Lence argues that the availability of alternative investments affects the utility 

from hedging by reducing the opportunity cost of hedging. Gold is used as the alternative 

investment in this research because it is the second largest export revenue earner for Ghana. It is 

therefore a viable alternative investment for Ghana and currently yields very high returns. The 

Lence model makes sense for the Ghana cocoa marketing board (COCOBOD) as a decision 

maker. No research has adapted the Lence model to examine the decision to hedge for SSA’s 

major cocoa exporters, which is the focus of our work. 

Model 

Following Lence (1996), the basic model consists of a decision maker who is risk averse. Here 

the decision maker is the cocoa marketing board of a cocoa exporting Sub-Saharan African 

country with a constant relative risk aversion (CRRA) utility function U (.), U’ > 0, U’’ < 0.  The 
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argument of the utility function is terminal wealth R1, where R1 = R0 * rh and W0 and rh are 

initial wealth and the return of the commodity marketing board’s hedged portfolio, respectively. 

But terminal wealth can easily be written as a function of initial wealth and the return of the 

hedged portfolio. The return on the hedged portfolio is of course a function of the hedge ratio (h) 

which is the relevant choice parameter in this problem. According to Nelson and Escalante 

(2004), if the joint distribution of cash and futures returns are elliptically symmetric, and final 

wealth satisfies the location-scale condition, expected utility can be written as a function of the 

first two moments of the return distribution (Chamberlain, 1983; and Meyer, 1987). We therefore 

maximize the expected utility of a CRRA location-scale utility function as in (1) 

(1) 

where rh = rc +(1-rf)h  is the return on a portfolio of cash and futures positions, � rh is the mean of 

the portfolio return, � rh
2 is the variance and �  is the coefficient of relative risk aversion. Further rh 

is the return on a portfolio of cash and futures positions, rc is the return on the cash position, rf is 

the return on the futures position, h is the optimal futures position and ri where i = c, f, are 

calculated as Pi1-Pi0/Pi0. The equivalent of maximizing this function is to minimize the negative 

of the denominator so we adopt that simplicity henceforth. For realism, we assume that the 

decision maker in this case is the Ghana cocoa marketing board (COCOBOD). COCOBOD is 

concerned about price falling from pre-harvest (July) to harvest (December) so it establishes a 

pre-harvest to harvest hedge using futures markets to insure against price risk. Any losses from 

the cash market will be recouped in the futures market and vice versa. At the decision date (pre-

harvest, t= 0), the decision maker can sell X commodity units in the futures market at price F0 by 
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agreeing to repurchase them at the random futures price F1 which is harvest time (t = 1). To 

identify the hedge ratio h as the explicit choice variable in (1) we re-write explicitly as a function 

of h. Next, we minimize the negative of denominator of the resulting function as in (2): 

(2) 

Note that �  is the risk aversion parameter, � rc
2 is the variance of cash returns, � rf

2isthe variance of 

futures returns, and �  (rc, r f) is the covariance between cash and futures returns. All other variables 

retain their original definitions. From (3), this is the first order conditions of (2) and (4) which is 

the second order condition of (2) we can see that the first and second order condition to 

guarantee a minimum are satisfied so the utility maximization problem is well defined and is 

possible to obtain optimal hedge ratios. 

�

 

RESEARCH METHODS 

Two standard MVH assumptions are relaxed separately and then together: First, the cocoa 

marketing board must pay a brokerage fee of B dollars per futures contract at the terminal date 

(harvest, t = 1) at which time all uncertainty is resolved and the net cash flow from the futures 

transaction is realized. The brokerage fee is normalized by the initial futures price F0 and is 
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defined as b = B / F0. COCOBOD or the Ghana government also has the opportunity to invest in 

gold which is the second highest revenue earner for Ghana so gold serves as the alternative 

investment in the hedging decision. Here the return to gold is defined as rA and the share of 

Ghana’s wealth invested in gold is defined as SA. Relaxing the two assumptions of the MVH 

ratios: brokerage fees and availability of alternative one at a time and then together, yields the 

four different models in equations (5) through (8) below. To determine the effect of transaction 

costs and alternate investments on the optimal hedge, a sequential methodology is applied. The 

value of b and SA are both initially set to zero in the matlab computer software program and the 

optimization routine is used to obtain optimal hedge ratios and corresponding marginal and total 

utility values. Keeping SA at zero, b is increased slightly to 0.005 and the optimization procedure 

used to calculate hedge ratios and marginal and total utility values computed once again. The 

procedure is repeated for all values of b. Next b is set to zero and SA changed from 0 to 0.1 and 

hedge ratios and marginal utilities computed. SA is gradually increased in increments of 0.1 to 

0.9 and the procedure discussed repeated each time. Finally, both the values of b and SA are 

changed simultaneously and hedge ratios, marginal and total utilities are computed again. The 

optimal hedge ratios are then charted separately against SA and b. 

 

 

Brokerage Fees 
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Equation (5) is the typical MVH ratio without any relaxation of assumptions. In (6), the 

assumption of zero brokerage fees is relaxed. Eight levels of brokerage fees 0.005, 0.01, 0.02, 

0.03, 0.04, 0.05, 0.1, 0.2 and 0.5 are used. Brokerage fees can normally be negotiated downward 

for large-volume futures participants. Brokerage fees vary depending on whether the hedge is 

large or small or whether the hedger wants full service or a per round term transaction. A large 

prospective hedger such as the COCOBOD can obtain between five and fifteen dollars per round 

term and between twenty dollars and thirty dollars for full service. However the brokerage fees 

vary little in nominal terms over time but have obviously changed in real terms. Recall that 

brokerage fees in this model are normalized by the initial futures price F0. We assume that the 

initial value of F0 is equal to the mean of the initial futures prices = 1563.851, so the range of 

brokerage fees identified make sense. 

Alternative Investments 

The second assumption relaxed is the possibility of investing of the initial cash position in an 

alternative investment and is illustrated in (7). Returns on gold cash prices are used to indicate 

return on alternative investment. The values assumed for the share of COCOBOD’s wealth 

invested in other assets are 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 and 0.9. Finally the last assumption 

relaxes the two assumptions together. Eight levels of brokerage fees and nine levels of 

alternative investments are used in order to obtain a comprehensive appreciation of the effect of 

relaxing the MVH assumption of no transactions cost and alternative investments has on cocoa 

exporters hedge ratios and utility. 

Effect of Available Conditioning Information on the Hedge Ratio: The Conditional Hedge 
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To determine the effect of available information at the time the hedge is placed on the optimal 

hedge ratios, we compute the generalized optimal hedge ratios suggested by Myers and 

Thompson (1989). Following Myers and Thompson (1989), we modify the typical OLS hedge 

due to Ederington by replacing the futures price with the first difference of the futures price. 

Next, we augment the model with several lags of the cash and futures and select the appropriate 

lag length by using the minimum Bayesian Information Criterion (BIC) criterion. 

 

 

Data 

Cocoa cash and futures data were obtained from the New York Board of Trade (NYBOT). The 

pre-harvest date is chosen as July 13 (futures date) while the harvest date is December 13th 

(futures at expiration). This hedge horizon was identified by comparing variances of cash and 

futures prices for different horizons.  Table 1 compares the variances of the cash and futures 

series for different hedge horizons. The 5-month July-December hedge appears the most viable 

ex ante because the variance of the futures is smaller than the variance of the cash but the values 

are similar. Working (1949) illustrates in his supply of storage analysis that if processors keep 

large stocks, futures price move in lock step with cash prices so variances are similar. Thompson 

(1986) analyzed the effect of cocoa stocks availability on the basis in a supply of storage frame 

work and finds that the cash and future price move very close together and that, futures are very 

responsive to cash prices. Thompson’s findings can help explain the small difference between 

the variance of cash and futures for cocoa. Figure 1 and 2 display the cocoa futures and cash data 
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and the forecast error from 1980-2007. From Figure 1, futures prices track cash prices closely. 

Figure 2 illustrates that basis convergence may not be a problem because the expected value of 

the forecasted error over the range is approximately zero. 

Table 2 presents summary statistics of cocoa cash and futures prices and returns as well as 

returns of gold. The most obvious characteristic about the data is the mean return of futures price 

is negative. If the mean of the futures returns is not adjusted by adding positive numbers to all 

values so the mean goes to zero, optimal hedge ratios will be significantly greater than 1 at low 

levels of risk aversion. However, because of the particular characteristic of the CRRA utility 

function used, large values of the risk aversion parameter   are needed to get values of h close to 

1 even if the mean of futures return is zero. This is because of significant speculative activity. 

Correlation between cocoa cash and futures returns is high as expected (0.8876) although the 

covariance between cash and futures is low (0.0311). Note that the standard deviation of the 

futures returns is 0.017 so the variance = (0.17)*(0.17) = 0.0289. The MVH pure hedge is 

therefore approximately equal to (0.0311) / (0.0289) = 1. Correlations between cocoa cash and 

futures returns and gold returns are also presented. Correlations between gold returns and cocoa 

futures returns are low (0.001382). Correlations between gold returns and cocoa cash returns are 

negative. Cash returns have positive kurtosis and are positively skewed. This means the 

distribution has a very long tail to the right of zero. The futures returns are less skewed with 

smaller positive kurtosis numbers. A basic OLS regression of cash price and returns on futures 

prices and returns (Tables 3 and 4) demonstrates that the (0, 1) efficiency condition for the 

futures market due to Fama (1970) is not satisfied because the intercept term is significantly 

greater than 0 (Table 3). However, the R2 values from Table 3 (0.79) and Table 4 (0.69) are high, 

so the hedges are effective. Histograms of the cash and futures prices and returns, Jarque-Bera 
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tests and Q-Q plots confirm that normality cannot be rejected for the cocoa cash and futures and 

gold returns. 

 

RESULTS 

From Tables 3 and 4, the optimal hedge ratios before the incorporation of transactions costs and 

alternate investments are positive and significantly greater than zero. Corresponding utilities are 

positive implying that the utility of cocoa exporters will be enhanced by hedging price risk. 

When transactions costs are incorporated into the diversified portfolio of futures and cash 

returns, maximization of the CRRA utility function demonstrates that optimal hedge ratios and 

corresponding utilities decline monotonically. Optimal hedge ratios however do not change 

dramatically and there is a differential response to alternative investments and transactions costs 

by the optimal hedge ratio in the standard model (i.e. b = 0 and SA = 0). From Figure 3, a low 

level of transaction cost still reduces the optimal hedge ratios but higher levels of transaction 

costs reduce the hedge ratios even more. When the proportion of the cash position invested in 

gold increases the effect of transaction costs on the optimal hedge is more pronounced (Figs 4 

and 5). The alternative investment seems to have no effect on the optimal hedge ratios at lower 

levels of transaction costs (brokerage fees) until ninety percent of the initial cash position is 

invested in gold when transaction costs are zero (Fig. 4). Clearly, relaxing the assumptions of 

both transaction costs and alternative investment reduced the hedge ratio by more than each 

factor alone however the reduction in optimal hedge ratios are still less than ten percent of the 

optimal OLS MVH of unity. In order to investigate the effect of available information on the 

optimal hedge ratio, Myers and Thompson (1989) suggest conditioning the OLS hedge with all 
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available information (usually lags of the cash and futures prices). To compute the generalized 

hedge we first tested the cash and futures price series for structural breaks in order not to execute 

unit root tests on series that incorporate structural breaks. Zivot and Andrews (1992) test of 

structural breaks (Table 4.1) reveal no breaks in the cash and futures series. Next we applied 

ADF and KPSS tests of stationarity on the cash and futures series. From Table 4.2 and 4.3, both 

the cash and futures have unit roots so we should technically regress the first difference of cash 

on the first difference of futures and include appropriate lags of cash and futures chosen by 

minimum BIC. However given possible unit roots and considering we have very few 

observations we face a trade-off between a spurious regression and differencing a dataset with 

few observations. 

We compute the Myers and Thompson generalized optimal hedge ratio using both the levels and 

first difference specifications they suggested. When we condition the optimal hedge with 

available information in the current period, hedge ratios decline rapidly. Tables 5 and 6 illustrate 

that the generalized optimal hedge ratio due to Myers and Thompson (1989) is much smaller 

than the OLS hedge. Optimal hedge ratios plummeted by more than twenty-five percent. This 

illustrates the relatively greater importance of conditioning information relative to transaction 

costs. It is also noteworthy that the hedge ratios estimated both by OLS and GLS are effective as 

measured by R2 (See Table 3, Table 4, Table 5 and Table 6).  

SUMMARY AND CONCLUSIONS 

This research evaluated the effect of transactions cost, alternative investments and conditioning 

information on the hedge ratio and utility from hedging for a cocoa exporter. We find that 

transaction costs alone decrease the optimal hedge ratio. Alternative investments do not seem to 
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affect the hedge ratio until very high levels. Conditioning information affects hedge ratios 

dramatically. The combination of high transaction costs and high alternative investments 

decrease optimal hedge ratios more than either transactions cost alone or alternative investments 

alone. Transaction costs have a bigger effect than alternative investments on hedge ratios. 

Conditioning available information drastically reduce optimal hedge ratios by more than twenty-

five percent in the standard model (zero brokerage costs and alternative investments). The 

overriding conclusion is that hedging is beneficial but transactions costs and available 

information must be carefully incorporated in defining optimal hedge ratios. The policy lesson is 

that futures-hedging is an option for Ghana and other major cocoa exporters in West Africa: 

Cameroun, Nigeria and the Ivory Coast. This result is in conformity with Sy (1990) who 

concluded that hedging revenue risk was beneficial to La Cote d’Ivoire (then the Ivory Coast). 

However, the results of this research must be appropriately qualified because it ignores 

production risk. Rolfo has demonstrated that in the presence of production risk, hedge ratios 

decline precipitously. Lence and Collins (1997) concur that in the presence of production risk 

and transactions costs decrease optimal hedge ratios than in the absence of transactions costs. 

Future research will benefit from incorporating transactions costs directly into Rolfo’s joint 

production-price risk hedge in order to investigate the effect on hedge ratios. 
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