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ABSTRACT

Using a constant relative risk aversion (CRRA) utility fumetihat displays risk vulnerability,
the effect of alternative investments and transaction costs aptineal futures hedge ratio for a
cocoa exporter exposed to price risk is investigated. Resultsaming cash and futures prices
from the New York Board of Trade (NYBOT) and Ghana as the reptatsve cocoa exporter
indicate that optimal hedge ratios change dramatically. Tlessd#ts suggest that given realistic
hedging assumptions minimal use of the futures or not at aflugerior to the full hedge. The
conclusions of this paper serves as a warning to economists whb fagses markets are a

panacea for minimizing price risk for commodity revenue dependent leasbmiagecountries.
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INTRODUCTION

The role played by commodity export price variability both in cktey economic growth and in
causing macroeconomic volatility continues to command significaerteisit in the development
economics literature (Funke, Imam, and Granziera, 2008; Malone, 20&®&nL¥erankis and
Yakubi, 2004; Ramey and Ramey, 1995). Export revenue risk resulting fromt gxjme
variation (Chart 1) has also been blamed for worsening the distrbattincome and increasing
the likelihood of default on sovereign debt among commodity-revenue deperulatities
(IMF, 2003; PREM Notes, 1999 and Larson, Varangis, and Yakubi, 1988)e to the heavy
dependence of Sub-Saharan African (SSA) governments on commodityt egpenue to
finance development projects, export revenue variability and macroeconoeotatility
emanating from export price-induced terms of trade risk cahtteaon-trivial and undesirable
consequences for Sub-Saharan African countries. For example, theg®8itysto meet its debt
obligations or to carry out economic development plans or grow mapm@romised. The
problem of commodity export price risk has assumed even greagaitaode given that the non-
market strategies to minimize commodity revenue risk such derlsibcks, buffer funds and
commodity agreements have failed (Larson Verangis and Yakubi 1998, aknderson and

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

! The major cocoa producing countries in Sub-Saharan Africa aredQ®etére, Ghana, Nigeria
and Cameroun. Together they account for about 70 percent of world cocoxpeds @ibson,
2007). Also see Chart 2.

2 Non-market risk management strategies are essentialiycanpetitive practices and are
plagued by prisoner dilemma type problems that are typicalipcated with collusion. Note
that the analysis focuses on price risk alone not revenue riskpakase analysis is needed for
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Economists suggest that market risk strategies such as hedaynige a better risk management
alternative to non-market strategfeShould the cocoa marketing boards of cocoa revenue-
dependent SSA countries hedge cocoa revenue risks? How effeotilat e the cocoa futures
markets as risk-management tools? Is the utility from hedgorth the costs (direct or indirect)
involved in hedging? Specifically how do transactions cost, alternatrestment and available
conditioning information which have been overlooked by previous agricultural eciaom
computing the price risk hedge ratio for cocoa, coffee and other conesaalitect the optimal
hedge ratios and the utility from hedging? This researchpnolide some answers to questions
raised. Very few papers evaluate the market-risk-managerheite for SSA cocoa producing
countries in the agricultural economics literature. Furthermdattks empirical research that
considers the effect of conditioning available information on the ophiedge is available. Also
there is no research in the risk management literatureettisustively quantifies all costs
(including transaction costs) and compares them to the bendfigsiging cocoa price riskThe
objective of this research is to fill that gap in the litemathy investigating how the optimal
hedge ratios and the utility of cocoa exporting sovereigns in iSS#fected by hedging cocoa

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

revenue risk which includes both price risk and output risk. See McKid®@&7); Rolfo (1980);
Anderson and Danthine (1980); Losq (1980); Grant (1985); Lapan and Moschini (18p4i L
and Moschini (1995); Lence (1996) and Agalith (2005) for further expansidmeaheory of
revenue risk minimization.
® To hedge commodity revenue risk in practice using futures mask&isselect the portion of
the spot positions to be covered by the opposite positions in the futargstniMyers and
Thompson 1989; Johnson, 1960; Stein, 1961 and Hieronymus, 1971). The hedge ratio is
typically computed as the ratio of cash price (returns) to datprice (returns). See Beninga,
Elda and Zilcha (1983) for derivation. In the contest of regressionsltpe from the
regression of cash price (returns) on futures price (returtisg isedge ratio (Ederington, 1979).
Hedge effectiveness is measured by the R

See Mohan (2007) for a cost benefit analysis of hedging coffee price risk.
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effect of transaction costs such as brokerage fees on hedgearadi the utility of hedging cocoa
export revenue risk. Furthermore, we analyze the effect of hi@yaof an alternative
investment in the form of gold on hedge ratios and utility from heddipgrt from being the
only analysis that incorporates transactions costs and alternatiestments in computing the
cocoa price risk hedge for a cocoa exporter, the paper is also therenlhat incorporates

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

LITERATURE REVIEW

The question of whether commodity export revenue dependent sovereigns retabgddexport
revenue risk was addressed by Rolfo (1980). Rolfo derived joint optincal @nd output risk
hedge ratios for the major SSA cocoa producers: Ghana, La Cote d{@beand Nigeria and
found that minimal use of futures markets or not all may be suptriar full hedge. Rolfo
maximized both a logarithmic utility and a quadratic utilit;wétion to derive optimal hedge
ratios. He also defined a pre-harvest (September) to harvestcifMhedge horizon and
employed data from 1952 to 1976 to compute standard mean-variance M&tgjerétios that
accounted for output risk. Rolfo ignored the role of conditioning availafiernnation,
transaction costs (such as brokerage fees) and the opportunity cost ttheéeatvailability of
alternative investment on the optimal hedge ratios and on the dtdity hedging although
Collins (1997) has demonstrated that when some of the MVH assumptioostiagd in

Bernishka, Eldor and Zilcha 1983 (or BEK 1983) are relaxed, MVH ratiten change
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dramatically’ Subsequent to Rolfo, Sy (1990) compared the relative costs and bémoefits
hedging the revenue risks of a baskets of goods for CIV (cocdagamid cotton). Sy focused
primarily on the change in utility from hedging price risk wipeaduction risk is introduced into
the standard hedging problem. He then compared the gains from usingsfmarkets with

those of stabilization programs. Different from Rolfo, Sy does niotela pre-harvest to harvest
hedge horizon for his analysis. Instead, he defines an annual expertnplex as the ratio of
annual total export revenue to the total export volume. He usesithialgorice index (the cash)
and annual average New York Stock Exchange futures price data @08a1984 to compute

MVH ratios by OLS.

Sy concludes similar to Rolfo that in general, the hedge ratiosdcoa price risk alone are
positive and smaller than unity for the March contract. In cant@sRolfo’s conclusions
however, when production risk is introduced, its effects on the heatge are not always
negative. It can be positive depending on the joint distribution of futuresspcash prices and
production. However the benefits from market risk management supetbedbsnefits from
stabilization policies so in contrast to Rolfo’s conclusions, CIV lvanefit greatly from hedging
cocoa market risks. Like Rolfo, Sy doesn’t consider the effettanfactions costs or having
some portion of the decision makers’ wealth invested in an alternatrestment on optimal
hedge ratios and the utility of hedging. Lence (1996) identifiesrative investments as a key
relaxation of the MVH assumption with non-trivial consequences. Bp#in8 Rolfo ignore the

effects of brokerage fees on the utility from hedging therefbre itesearch provides an

The relevant assumptions of the MVH model include (a) production is determihjsait ¢f
the agent’s wealth is invested in the cash position (c) No transaction costs {djufeés market
is efficient so there is no role for conditioning information. See Collins (1997) and BI3)
for a full enumeration and discussion of the assumptions of the MVH.
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exhaustive consideration of costs (direct and indirect) and thet effenvesting 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 ®rabkearch because
he investigated the effect of relaxing MVH assumptions on the optiedge ratio. Lence
employed a constant absolute risk aversion (CARA) utility fundtien enabled him to derive
closed form solutions for utility and opportunity cost of placing sulbvadthedges (Lence
1996). Lence demonstrated that in the presence of alternative inmestbrekerage fees tend to
have a greater effect on hedge ratios and greatly changelityefnatim hedging revenue risk so
his model is the most applicable for this research. Furthermoeusecocoa exporting SSA
countries are often poor and cannot ignore transactions costs in deciding whether orduwe,to he
the Lence model, which addresses the effect of transaction casts optimal hedge ratio is the
most applicable. Lence argues that the availability of alteativestments affects the utility
from hedging by reducing the opportunity cost of hedging. Gold ésl @ws the alternative
investment in this research because it is the second laxgest eesvenue earner for Ghana. It is
therefore a viable alternative investment for Ghana and currgetlys very high returns. The
Lence model makes sense for the Ghana cocoa marketing I@2@EIOBOD) as a decision
maker. No research has adapted the Lence model to examine thendixcisedge for SSA’s

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

Model

Following Lence (1996), the basic model consists of a decision nadiis risk averse. Here
the decision maker is the cocoa marketing board of a cocoa expoum&aharan African

country with a constant relative risk aversion (CRRA) utility fioxcU (.), U’ >0, U” < 0. The
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argument of the utility function is terminal wealth, Rvhere R = Ry * rh and W, and f are
initial wealth and the return of the commodity marketing board géegortfolio, respectively.
But terminal wealth can easily be written as a function dfainwealth and the return of the
hedged portfolio. The return on the hedged portfolio is of course adaraftthe hedge ratio (h)
which is the relevant choice parameter in this problem. Accordinjelson and Escalante
(2004), if the joint distribution of cash and futures returns arptielllly symmetric, and final
wealth satisfies the location-scale condition, expected utdéitylie written as a function of the
first two moments of the return distribution (Chamberlain, 1983; and Meyer, 1987). Weitheref

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

f‘;fi'r..:!’EU[I.!s.,-h.r:r,.ﬁ] = —ll.-"'{lu.pﬁ — Y * r:r,.'ﬁ]
(1)

where | = rc +(1-)h is the return on a portfolio of cash and futures positiops the mean of
the portfolio return,  is the variance andis the coefficient of relative risk aversion. Further r
is the return on a portfolio of cash and futures positiQns,the return on the cash positionisr
the return on the futures position, h is the optimal futures positiorr;avitere i = c, f, are
calculated as PPo/Po. The equivalent of maximizing this function is to minimize theatieg
of the denominator so we adopt that simplicity henceforth. For mgaliee assume that the
decision maker in this case is the Ghana cocoa marketing boardO@Q@). COCOBOD is
concerned about price falling from pre-harvest (July) to harvestgDber) so it establishes a
pre-harvest to harvest hedge using futures markets to insairestagrice risk. Any losses from
the cash market will be recouped in the futures market and vica. Vrthe decision date (pre-

harvest, t= 0), the decision maker can sell X commodity unitseiflutures market at price by
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agreeing to repurchase them at the random futures prieéniEh is harvest time (t = 1). To
identify the hedge ratio h as the explicit choice variable invlye-write explicitly as a function
of h. Next, we minimize the negative of denominator of the resulting function as in (2)

MinE[=U(h,..)] = [ttre + (1 = pog) # B? = y[o2. + B2 % 02 p — 2% horenr py]#(=1) )

Note that is the risk aversion parametey,’ is the variance of cash returngisthe variance of
futures returns, and «, (1 iS the covariance between cash and futures returns. All other variables
retain their original definitions. From (3), this is the firsti@r conditions of (2) and (4) which is

the second order condition of (2) we can see that the first amthdserder condition to
guarantee a minimum are satisfied so the utility maxingmagiroblem is well defined and is

possible to obtain optimal hedge ratios.

Y[2 * R o* ”f,." — 2% 0 fuw ey — (2% (1 = ptyg) ok [re + (L —pop) x R)] =0 (3)

[y # a2 4+ (1 — e p)?] >0 (4)

because (1-p,. £ )=0 and ~ >0

RESEARCH METHODS

Two standard MVH assumptions are relaxed separately and thethdogFirst, the cocoa
marketing board must pay a brokerage fee of B dollars per futargsact at the terminal date
(harvest, t = 1) at which time all uncertainty is resolved &aednet cash flow from the futures

transaction is realized. The brokerage fee is normalized byntie futures price Fand is
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defined as b = B /COCOBOD or the Ghana government also has the opportunity to invest i
gold which is the second highest revenue earner for Ghana soegols @1s the alternative
investment in the hedging decision. Here the return to gold is defsyed and the share of
Ghana’s wealth invested in gold is defined as Belaxing the two assumptions of the MVH
ratios: brokerage fees and availability of alternative oree tahe and then together, yields the
four different models in equations (5) through (8) below. To determineftéet of transaction
costs and alternate investments on the optimal hedge, a sequeztthiadology is applied. The
value of b and Sare both initially set to zero in the matlab computer sm#wprogram and the
optimization routine is used to obtain optimal hedge ratios and ponésg marginal and total
utility values. Keeping Sat zero, b is increased slightly to 0.005 and the optimization procedure
used to calculate hedge ratios and marginal and total utilitesatomputed once again. The
procedure is repeated for all values of b. Next b is set toared & changed from 0 to 0.1 and
hedge ratios and marginal utilities computeg.isSgradually increased in increments of 0.1 to
0.9 and the procedure discussed repeated each time. Finally, both the ofatluand » are
changed simultaneously and hedge ratios, marginal and total ugliBesomputed again. The

optimal hedge ratios are then charted separately agaiasid.

rh=rTe+(1—ryg)*h (5)

rh =7+ (1 —rp—b)*h (6)

rh=[re+ (1—rp)xh] (1 —S4)+Ss*74 (7)
th=[re+ (L—rp—b)xh]*(1—54)+Sa%ra (8)

Brokerage Fees
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Equation (5) is the typical MVH ratio without any relaxation afsumptions. In (6), the
assumption of zero brokerage fees is relaxed. Eight levels ofragekéees 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 negotiatetdiow
for large-volume futures participants. Brokerage fees vary depgmdinvhether the hedge is
large or small or whether the hedger wants full service or aoped term transaction. A large
prospective hedger such as the COCOBOD can obtain between fifiéesrddollars per round
term and between twenty dollars and thirty dollars for full servitowever the brokerage fees
vary little in nominal terms over time but have obviously changerkah terms. Recall that
brokerage fees in this model are normalized by the initial futomes . We assume that the
initial value of K is equal to the mean of the initial futures prices = 1563.851, satige of

brokerage fees identified make sense.

Alternative Investments

The second assumption relaxed is the possibility of investing ohiti@ icash position in an
alternative investment and is illustrated in (7). Returns on goll mases are used to indicate

return on alternative investment. The values assumed for the sh&@@©@DBOD’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 brokdesge and nine levels of
alternative investments are used in order to obtain a compreheppiregiation of the effect of
relaxing the MVH assumption of no transactions cost and alternatrestments has on cocoa

exporters hedge ratios and utility.

Effect of Available Conditioning Information on the Hedge Ratio: The ConditarHedge
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To determine the effect of available information at the tineeltedge is placed on the optimal
hedge ratios, we compute the generalized optimal hedge ratios ®agdmstMyers and
Thompson (1989). Following Myers and Thompson (1989), we modify the typicalh@edge
due to Ederington by replacing the futures price with the firderdifice of the futures price.
Next, we augment the model with several lags of the cashuam@$ and select the appropriate

lag length by using the minimum Bayesian Information Criterion (BH@grton.

Data

Cocoa cash and futures data were obtained from the New York Bo@rdde (NYBOT). The
pre-harvest date is chosen as July 13 (futures date) while thesthdate is December 13th
(futures at expiration). This hedge horizon was identified by congpamniances of cash and
futures prices for different horizons. Table 1 compares thencasaof the cash and futures
series for different hedge horizons. The 5-month July-Decembek lagajpars the most viable
ex ante because the variance of the futures is smaller thaartaece of the cash but the values
are similar. Working (1949) illustrates in his supply of storagalysis that if processors keep
large stocks, futures price move in lock step with cash prices eme@s are similar. Thompson
(1986) analyzed the effect of cocoa stocks availability on the rasi supply of storage frame
work and finds that the cash and future price move very close togeithéhat, futures are very
responsive to cash prices. Thompson’s findings can help explain thedsfieaince between

the variance of cash and futures for cocoa. Figure 1 and 2 displeydbe futures and cash data
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and the forecast error from 1980-2007. From Figure 1, futures pric&scasls prices closely.
Figure 2 illustrates that basis convergence may not be a prdi@deause the expected value of

the forecasted error over the range is approximately zero.

Table 2 presents summary statistics of cocoa cash and futices pnd returns as well as
returns of gold. The most obvious characteristic about the dat imsen return of futures price
is negative. If the mean of the futures returns is not adjusteddiggapositive numbers to all
values so the mean goes to zero, optimal hedge ratios will bécsigtly greater than 1 at low
levels of risk aversion. However, because of the particular deastic of the CRRA utility
function used, large values of the risk aversion parametemeaded to get values of h close to
1 even if the mean of futures return is zero. This is becaudgnifiant speculative activity.
Correlation between cocoa cash and futures returns is high adeskp@8876) although the
covariance between cash and futures is low (0.0311). Note that tuarstadeviation of the
futures returns is 0.017 so the variance = (0.17)*(0.17) = 0.0289. The MVH pdge e
therefore approximately equal to (0.0311) / (0.0289) = 1. Correlationedeteocoa cash and
futures returns and gold returns are also presented. Correlatisreebegold returns and cocoa
futures returns are low (0.001382). Correlations between gold returto®ema cash returns are
negative. Cash returns have positive kurtosis and are positively skeWwsd.mgans the
distribution has a very long tail to the right of zero. The futuetsrns are less skewed with
smaller positive kurtosis numbers. A basic OLS regressionsdf pace and returns on futures
prices and returns (Tables 3 and 4) demonstrates that the (O, cigneffi condition for the
futures market due to Fama (1970) is not satisfied because theepitéerm is significantly
greater than 0 (Table 3). However, thevRlues from Table 3 (0.79) and Table 4 (0.69) are high,

so the hedges are effective. Histograms of the cash and futices @and returns, Jarque-Bera
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tests and Q-Q plots confirm that normality cannot be rejectetthdotocoa cash and futures and

gold returns.

RESULTS

From Tables 3 and 4, the optimal hedge ratios before the incorporati@msdictions costs and
alternate investments are positive and significantly grelaser zero. Corresponding utilities are
positive implying that the utility of cocoa exporters will behanced by hedging price risk.
When transactions costs are incorporated into the diversified porgblfutures and cash
returns, maximization of the CRRA utility function demonstrakeg bptimal hedge ratios and
corresponding utilities decline monotonically. Optimal hedge ratiosetiewwdo not change
dramatically and there is a differential response to aliematvestments and transactions costs
by the optimal hedge ratio in the standard model (i.e. b = 0 amd(§. From Figure 3, a low
level of transaction cost still reduces the optimal hedge rhatibsigher levels of transaction
costs reduce the hedge ratios even more. When the proportion csthgyosition invested in
gold increases the effect of transaction costs on the optimal Iedgere pronounced (Figs 4
and 5). The alternative investment seems to have no effect on thaldpsidge ratios at lower
levels of transaction costs (brokerage fees) until ninety pedfettte initial cash position is
invested in gold when transaction costs are zero (Fig. 4). Clealdying the assumptions of
both transaction costs and alternative investment reduced the héidgbyranore than each
factor alone however the reduction in optimal hedge ratios aréesslthan ten percent of the
optimal OLS MVH of unity. In order to investigate the effect ofilmde information on the

optimal hedge ratio, Myers and Thompson (1989) suggest conditioning_®d&lige with all
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available information (usually lags of the cash and futuresQrid® compute the generalized
hedge we first tested the cash and futures price seriesuotusal breaks in order not to execute
unit root tests on series that incorporate structural breaks. ZntAndrews (1992) test of
structural breaks (Table 4.1) reveal no breaks in the cash and feéues. Next we applied
ADF and KPSS tests of stationarity on the cash and futures.sér@n Table 4.2 and 4.3, both
the cash and futures have unit roots so we should technicallysegecfrst difference of cash
on the first difference of futures and include appropriate lagsash and futures chosen by
minimum BIC. However given possible unit roots and considering we have few
observations we face a trade-off between a spurious regressiodifferencing a dataset with

few observations.

We compute the Myers and Thompson generalized optimal hedge ragidoth the levels and
first difference specifications they suggested. When we conditienoptimal hedge with
available information in the current period, hedge ratios deddipielly. Tables 5 and 6 illustrate
that the generalized optimal hedge ratio due to Myers and Thompson {$988th smaller
than the OLS hedge. Optimal hedge ratios plummeted by more teatytfive percent. This
illustrates the relatively greater importance of conditioningrmftion relative to transaction
costs. It is also noteworthy that the hedge ratios estihietth by OLS and GLS are effective as

measured by R(See Table 3, Table 4, Table 5 and Table 6).
SUMMARY AND CONCLUSIONS

This research evaluated the effect of transactions cost, éilterimavestments and conditioning
information on the hedge ratio and utility from hedging for a caexqaorter. We find that

transaction costs alone decrease the optimal hedge ratio. Alterimaestments do not seem to
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affect the hedge ratio until very high levels. Conditioning infdroma affects hedge ratios
dramatically. The combination of high transaction costs and highnaiiee investments
decrease optimal hedge ratios more than either transactioral@ustor alternative investments
alone. Transaction costs have a bigger effect than alternativetrimy@s on hedge ratios.
Conditioning available information drastically reduce optimal hedgesry more than twenty-
five percent in the standard model (zero brokerage costs and ahermatestments). The
overriding conclusion is that hedging is beneficial but traimast costs and available
information must be carefully incorporated in defining optimal hedtes. The policy lesson is
that futures-hedging is an option for Ghana and other major cocoa exspiortWest Africa:
Cameroun, Nigeria and the Ivory Coast. This result is in conformitly Sy (1990) who
concluded that hedging revenue risk was beneficial to La Cote ilyihien the Ivory Coast).
However, the results of this research must be appropriately igdalkiecause it ignores
production risk. Rolfo has demonstrated that in the presence of produskomedge ratios
decline precipitously. Lence and Collins (1997) concur that in the pesdgnuroduction risk
and transactions costs decrease optimal hedge ratios thanabstmce of transactions costs.
Future research will benefit from incorporating transactionsscdsectly into Rolfo’s joint

production-price risk hedge in order to investigate the effect on hedge ratios.
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Chart 1: Cash and futures price data from 1960-2008
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December Futures on July 13th
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Chart 2: The share of world cocoa beans export by the major cocoa exporting countries
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Source: World Bank Cocoa Market Brief, 2006.

Graph Taken from Gibson (2007) “Consistently Inconsistent Addressing income volatility among cocoa
producers in Ghana and Céte d’Tvoire™ 2007 Infernatiopg! Institute for Sustainable Development (1ISD)
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Table 1: Comparison of variances

NYBOT DATA
Pre-Harvest to Harvest Hedge Horizons
Cash Prices Futures Prices
7-Month Hedge (MAY-DEC) 182774.49 236145.9487
(427.52) (485.95)
**5-Month Hedge (JUL-DEC) 182774.462 181982.6115
(427.5213) (426.5942)
3-Month Hedge (SEPT-DEC) 193477.3 219891.58
(439.86) (468.93)

Table 2: Sunmunary Statistics for cocoa cash and futures returns and go/d returns

Futures price Futures retumns | Cash price Cash returns  Gold returns
Futures Cash
Mean 1563.8518 -0.023 1510.5556 0.0291 0.007795252
Median 1621 -0.037 1465 -0.0098 -0.00489691
Standard Dev 426.5942 0.17554 427.5213 0.1997 0.09070851
Kurtosis -0.8173 1.3537 -0.3806 14754 0.15421203
Skewness 01791 023325611 0.0814 12226 0351447269
Range 1572 0.8807 1718 D 825 039738635
Minimum 882 -0.456 692 -0.2472 -0.17528195
Maximum 2454 04247 2410 05779 0222104395
Sum 42224 -0.621 40785 0.7868 0.210471799
Count 27 27 27 27 27
Correlation Cocoa futures returns Cocoa cash returns Gold cash retums
Cocoa futures returns 1 0.8876 -0.0868
Cocoa cash returns 1 -0.0325
Gold cash returns 1
Covariance Cocoa futures retums Cocoa cash returns Gold cash returns
Cocoa futures returns
Cocoa cash returns 0.031118 0.039884
Gold cash returns 0.001382 -0.000589 0.008228

*Note that the mean and median of the futures = the mean of the cash
* Variance of futures < Vanance of cash but not by much
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Figure 1: Plot of nominal cash and futures data for the 5-Month horizon (July-Dec)

Cash on DEC 13, Dec Futures on Jul 13
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Source of data: NYBOT. Symbol/Contract Size CC=10 metric tons. Price Quotation: Dollars per metric ton. Contract
Months: March, May, July, September and December. Minimum Price Movement $1.00/metric ton, equivalent to
$10.00 per contract. The growth of any country or climate includes new or yet unknown growths. Growths are divided
into three classifications listed below. Group A-Deliverable at a premium of $160/ton (including main crops of Ghana,
Lome-Togo, Nigeria, Ivory Coast and Sierra Leone). Group B-Deliverable at a premium of $80/ton (includes Bahia,
Arriba, Venezuela, Sanchez among others). Group C-Deliverable at par (includes Haiti, Malaysia and all others).
Possible Structural Changes: (1) Commodity Agreements (1) 2001 Cote d'Ivoire War

Figure 2: Forecast Error for Cocoa Cash and Futures Data

Forecast Error for Cash on Dec 13 and Dec
Futures on July 13
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On average, E [Forecast Error] = 0 approximately. No evidence of weak basis
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Table 3: MVH hedge of cash returns on futures returns

R C
R_F 1.01

(9.64)
Constant 0.052

(2.88)"*
Observations 27
R-squared 0.79

Absolute value of t statistics in parentheses
¢ Significant at 5%: ** significant at 1%

Table 4: MVH hedge of cash prices on futures prices

cash 1
fut_ 0 0.848
(7.59)**
Constant 193.789
-1.06
Observations 28
R-squared 0.69

Absolute value of t statistics in parentheses
e Significant at 5%: ** significant at 1%
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