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Summary findings

Cotron exports account for a significant share of
commodity exports for some developing countries,
especially in West Africa and Central Asia. In these
countries, dependency on cotton for export revenues has
increased in the past 20 years. These countries therefore
have a high exposure to cotton price volarility.

Cotton-producing developing countries and economies
in wransition make little use of hedging mechanisms to
reduce their risk from the volatility of cotton export
revenues. Countries in Francophone West Africa use
forward sales to hedge but only for = small share of the
crop.

These countries could use cotton futures and options
contracts to hedge against short- to medium-term price
volatility, making cotton export revenues more
predictable. Cotton futures and options contracts could
also make cotton-related commercial transactions- more
flexible. (Futures could be sold when there are no buyers
in the physical market, for example.) In West Africa,
futures and options could complement the existing
system of forward sales.

Varangis, Thigpen, and Satyanarayan examine the
feasibility of using New York cotton futures and options
contracts as hedging instruments. They base their
analysis on a portfolio selection problem in which the
hedger selects the optimal proportions of unhedged and
hedged ourput to minimize risk.

The results suggest that despite the existence of
relatively high basis risk (that is, a rclatively low
correlation between spot and future prices), hedging
reduces cotton price volatility by 30 to 70 percent.

Moreover, for all varieties of cotton exarnined, the
hedge ratio (the percentage of exports hedged) was
below one. Using a hedge ratio of one (naive hedge), at
times, increases rather than decreases -isk.

The results also show that hedgin;. while reducing
risk, also reduces expected returns. Artitudes toward risk
— that is, the degree of risk aversion — determine how
much of :his risk-return tradeoff is acceprable. For a risk-
averse agent, the main benefit of hedging lies in risk
reduction rather than in the potential for increased
returns.

This paper—a product of the International Trade Division, International Economics Department—is part of alarger effort
in the department to examine the benefits of using market-based risk management instruments in developing countries and
economies in transition. Copies of the paper are available free from the World Bank, 1818 H Street NW, Washington, DC
20433. Please coatact Dawn Gustafson, room R2-092, extension 33714 (28 pages). July 1994.
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THE USE OF N.¥Y. COTITON FUTURES CONTRACTS TO HEDGE COTTON PRICE
RISK IN DEVELOPING COUNTRIES

by
Panos Varangis, Elton Thigpen and Sudhakar Satyaﬁarayan
International Trade Division
The World Bank

Washington, D.C.

New York Cotton futures/options contracts provide an effective way
to reduce cotton price wvolatility, despite the existence of
relatively high basis risk.



INTRODUCTION °

~Cotton is an important crop for many developing countries.
Table 1 shows the share of cotton in total agricultural exports for
major cotton producing céuntries. The countries with the highest
reliance are in Francophone Africa (FPA). In Benin and Burkino
Faso, for example, cotton accounts for about two-thirds of
agricultural export revenues.! Other countries in which cotton has
a high share in total agricultural exporis include the countries in
the Forﬁer Soviet Union (FSU) and Pakistan. Table 1 also shows
that the share of cotton in total agriculture exports has increased
for many countries/regions over the 1last twenty years. The
significant share of cotton in agricultural (and total) exports .
suggests a high exposure to cotton price wvolatility. Presently,
cotton producing developing countries make very limited use of risk
managemegt instruments to hedge this exposure. The main reasons
for this are the goverument intervention that reduces the incentive
to hedge (by setting minimum or fixed prices and thus absorb the
price risk) and the lack of technical know-how in using risk
management instruments.? Another reason could be the cost of

hedging which is defined in this context as the risk-return trade

off.

*We would like to thank Ronald Duncan for valuable comments.

ISee also Satyanarayan, et. al., 1993.

2por a detailed discussion on the impediments to the use of
risk management instruments in developing countries see Claessens

and Varangis (1994).
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Table 1: Cotton's Share in Total Agricultural Export Revenues in
Selected Countries o

Source: IECIT estimates using data obtained from FAO
International Trade Tapes.

The recent marketing liberalization efforte in many cotton
- producing developing countries are likely to expose participants to
market forces and make hedging instruments such as futures and
options attréctive in reducing intertemporal price volatility.

. However, even without liberalization, there is scope for using
hedging instruments. In most cases wheré government intervention
is prevalent,, the government effectively internalizes (assumes) the
cotton price risk. For example, governments in China and
Uzbekistan and cotton parastatals in Turkey and the FPA countries
.could make good use of hedging instruments in reducing cotton price
volai:ility. FPA countries use forward sales for this purpose, but

this instrument only provides limited coverage (see Satyanaryan,

et. al., 1993).

The usual arguments for hedging are that by doing so market
Participants can increase the predictability of future cash flows,

"lock-in profit margins, and reduce the price uncertainty of
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'J'-.nveatment projects. Where available, futures and options provide
the most efficient way for dealing with short-term (mainly intra-
year) price iu.ncertainty. In addition, futures and options
contracts can add to the flexibility of selling decisions, for
example, by giving flexibility to buyers to "call-in" their

purchasing price.3

The present paper examines the feasibility of using N.Y.
cbtton futures contracts to hedge cotton price risk in developing
countrieg. The paper concentrates on five countries/regions. They
are: Uzbekistan, Pakistan, China, Turkey and the FPA. These
countries/regicns were chosen because they account for about 60% of
cotton production and 40% of cotton exports £from developing
countries, anq, with the exception of China, cotton exports account
for a significant part of agricultural export revenues in each of
these countries/regions.® The paper is structured as follows:
Section I of the paper quantifies the basis risk; i.e., one minus

the correlation coefficient between spot cotton prices from

For commodity related hedging applications in developing
countries see Gemmill (1985), Quattara et. al. (1992), Rolfo
{1980), Varangis et. al. (1993), Claessens and Varangis (1993), and

Larson {(1993).

4In 1991 cotton exports accounted for about 24% of total
agricultural exports for FPA, 46% for the Central Asian Republics
of FSU, 41% for Pakistan, 12% for Turkey, but only 0.7% for China.
Overall, for the World, cotton exports account for about 2.5% of
total agricultural export revenues.
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'developing countries and N.Y. cotton futures contract prices.’

Section II performs simulations to show to what extent cotton price

volatility is reduced by using N.Y. cotton futures contracts. The
analysis is based on a portfolio selection framework in which
hedgexrs select the optimal proportions of unhedged and hedged

output. Section III summarizes and concludes.

5In general, basis risk measures how closely futures and spot
prices move together. A high (low) basis risk means a low (high)
correlation between the spot and futures. Basis risk is the
unhedgeable part of the spot price risk when using futures
contracts to hedge.
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I, HEDGING GH NEW YORK COTTON

Cotton prices have fluctuated significantly, especially in the

latter half of the 1980s. Table 2 shows the average monthly export
- price, its standard deviation and its coefficient for variation of
each of the cottons examined. The coefficient of variation, our
measure of volatility, is shown to vary between 17.2% and 21.2%,
élthough the 17.2% for Punjab SG 1505 is for a much shorter time
period. Thus, forr the cotton prices examined, over the period
1985-92/93, the coefficient of variation is around 20% compared
with 17% which is the volatility of the World Bank's commodity

price index over the same period.

The only market that trades in cotton futures is the New York
Cotton Exchange (NYCE). The New York No. 2 cotton contract is based
on grade 41, staple 34 (strict low middling 1-1/16 inch) cotton.
| The quality of the cottons from the countries covered here is
- similar (middling 1-3/32 inch) but not identical. Provided that
the characteristics of the cash commodity are identical to the
unality specified in the futures contract, the traditional
‘recommendation is to hedge all of the cash ccmmodity in the futures
market. (This type of a hedge is termed a "direct hedge'"). However,
in cases where the cash and futures prices are for related but not

identical commodities, the appropriateness of the futures contract



Table 2: Cotton Price Volatility

Cotton Type

Period

Average Monthly
Export Price

Standard
Deviation

Coefficient of
Variationﬁg/

----US&----

Ceritral Asian
Punjab SG 1505
Chinese 329
Turkish Izmirant

Aug 85
Aug 88
May 85
Jan 85
May 85

a/ Ratio of standard deviation to the mean.

14.05
11.77
14.30
14.59
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for "cross-hedging" needs to be determined.® A simple method,
 based on price correlation, can be used to determine how closely
the cotton futures price and the cotton export prices move
together. In general, the higher the correlation the greater the
- effectiveness of a hedge. Table 3 shows the results of an OLS
(Ordinary Least Squares) regression in which (nearby) futures price
changes are regressed on cotton cash price changes.’” The R-square
measures indicate that 30-44% of the variance of cash price changes
is explained by futures price changes, except for the Turkish
cotton for which the R-square is very low (5%). The percentage of
the ﬁariatian in cash price changes which is unexplained (1-R
square) is an estimate of the basis risk.?! Thus, the basis risk is
high but this is to be expected because the underlying cash and
 futures prices are for different grades of cotton, and US policy
has to some extent insulated US markets from the world cotton
market. A cross-hedge in this situation is still feasible, but the

- optimal quantity to be hedged as a percentage of the cash commodity

°A typical cross-hedge in cotton is to hedge the price of one
quality by using a futures contract based on a marginally different
quality, such as West African Cotlock A index cotton (middling 1-
3/32 inch quality) being hedged with a New York number 2 futures
contact based on strict low middling 1-1/16 inch quality. The
futures contract would be liquidated simultaneously with the sale
of the physical cotton.

7 Note that the OLS regression uses price changes rather than
price levels because cash and futures prices of most commodities
are non-stationary (Milonas and Vora, 1987). A simple
transformation such as using differenced data, as we have done,
controls for non-stationarity of prices in levels.

3since options are options on futures contracts, the analysis
- to determine the basis risk is applicable to the use of options on
these futures contracts.
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- l.e., the optimal hedge ratio - is less than one and needs to be
empirically determined. The optimal hedge ratio will depend upon
the hedger's level of risk-aversion. Hedging is rational if the

- reduction in risk more than compensates for the reduction in

returns.

Before a determination of the optimal hedge ratio is wmade, it
is of interest to check the relationship between spot cotton prices
Vand the Cotlook A Index. This is because a recently introduced
cotton futures contract based on the Cotlook A index may be a more
appropriate hedging instrument than the New York No. 2 futures
contract.? Table 3 reports the results of regressing Cotlon~k A
Index price changes on spot cotton price changes from developing
countries.” The R Square indicates that with the exception of the
Turkish cotton, 70-85% of the variation in the cotton prices
examined is explained by changes in the Cotlook A Index. This
reasonably good fit is not surprising given that the spot cotton
prices examined are part of the fourteen components of the Cotlock
A index. ;I'he fact that the cotton prices examined and the Cotlook
A index were significantly correlated implies that the Cotloock
futures contract may prove a better hedging instrument for these

cotton than the New York No.2 cotton futures contract. Morecver,

9for the definition of the Cotlook A index see note under Tabile
l. .

Y4e use spot-to-spot regression rather than spot-to-futures
because there is not sufficient data on Cotlook A futures prices.
We, therefore, assume a close relationship between the Cotlook
Index and Cotloock futures contract prices.



Period

e

Table 3: QUANTIFICATION OF BASIS RISK

Hedge Ratio

Rz

Using N.Y. No. 2 Cotton Futures Contract

Central Asian
| Punjab SG 1505
| Chinese 329
| Turkish Izmirant

| FPA

Aug 85-Jan 93

Aug 88-Jan 93
May 85-Jan 93
Jan 85-Apr 92
May 85-Jan 93

.38
.66
42
.20
34

.30
44
.39
.05
.30

Using Cotlook A Index

Central Asian
Punjab SG 1505
Chinese 329
Turkish Izmirant

Note: The Cotlook A Index is published daily by Cotlook Limited, a cotton information service
in the United Kingdom. The A index is an average of the 5 lower quotes in US¢/1b for cotton
~ being offered in significant quantities from 14 cotton growing regions in 13 producing countries.
The Index is based on cotton comparable to middling 1-3/32 inch quality by the "Liverpool”
concept, delivered C.L.F. NorthEurope cash against documents on arrival of vessel, including
profit and agent s commission. The Index is presented as an indication of the oompeuuve level

of offering prices.

Aug 85-Jan 93
Aug 88-Jan 93
May 85-Jan 93
Jan 85-Apr 92
May 85-Jan 93

.98
1.01
.79
.39
.80

.85
73
.68
34
.80
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the New York Cotton Exchange has addec additional serial months to

the Cotlook World Cotton Futures contract--for which settlement is
based on the Cotlook A Index--to increase the trading and hedging
opportunities for market users. In addition to the regular cycle
months of March, May, August, October, and December, two spot or
serial months from the January, February, April, September, and
- November cycle will also be available. The Exchange anticipates
-that the addition of rolling spot months will increase the
contract's liquidity and afford hedgers and spedulators a more
viable trading vehicle. However, the present very low level of
liquidity of the contract is likely to discourage use of this

contract for hedging purposes.



il
TI RISK MINIMIZATI EX-ANTE RISK- 4 HEDGE

We turn now to analyzing the risk management prospects for
cottons from selected developing countries. We assume throughout
the 'paper that the objective of the hedger is simply to minimize
risk regardless of the risk-reduction tradeoff (i.e. . the hedger is

highly risk averse).

The cotton hedging decision can be thought of as a
portfolio selection problem in which the hedger selects the optimal
proportions of unhedged (spot) and hedged (futures) output.!! The

portfolio can then be represented as:

ER, = Q E(Syyy - S) + Q E(Fyy - F) ceenennnnnnn.. (1)

where:

ER, = Expected return on the hedged portfelio

Q, = Unhedged output

E(S,; - S) = Expected change in the cotton spot price from time t
to time t+1

Qp, = Hedged output

E(F,, - F,) = Expected change in the futures price from time t

to time t+1

Il In terms of conventional portfolio theory, hedged output can
be thought of as a riskless asset and unhedged output as a risky

asget.
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Note that (Q, + Q) = Q.. ‘the amount of output available for export.

At t:'Lme period t, the values of S,; and F,,, are unknown. These are,
therefore, random variables. In a hedge, Q, and Q, have opposite
| signs. For instance, in a short hedge, a long position in the spot
market (Q, > 0) is offset by a short position in the futures market
(Q < 0). Rewriting equation 1 for a long cash/short futures

position we have:
ER, = Q, [ E(Ser- S)) - (@ /Q) E(Fyy- F)l.oooo.... (2)

Let h = (Q, / Q)- If the value of Q, is set equal to 1, then h can
be interpreted as the hedge ratio - the percentage of the spot or

cash position that is hedged ia the futures market. Thus,
ER, = E(Sy; - S) - hE(Fy -F) cevvevennnnnn.... (3)

If the portfolio is completely hedged, that is, each unit in the
spot market is hedged with a unit of futures, then h = 1. (This
type.of a hedge is called a "naive hedge”.) If h = 0, then there is
nb hedging and the expected return on the portfolio is simply equal

to the return on the spot market.

The variance of the portfolio is a measure of the risk of

the portfolio. The variance of the portfolio (Var(P)) is given by:

Var(P) = Var(S) + h? Var(F) - 2 h cov(S,F) . v vuvnn.... L. (8)



where:
Var (S), Var(F) = variance of spot and futures price changes

- cov(S,F) = covariance between spot and futures price changes

Recall that we are assuming that the objective of the cotton
producing countries is simply to minimize risk. The problem then is
to identify a h, such that Var(P) is minimized. This can be done by

differentiating Var(P) with respect to h as follows:
@ Var(P)/ dh = 2 h vVar(F) - 2 cov(S,F) =0
Solving for h from the above results in:
h* = cov(S,F) / Var(F).....cceeveeeaaenn- (5)

It can be shown that h’ (the risk-minimizing hedge ratio) is simply
the slope coefficient of an OLS linear regression of futures pricer
charnges on spot price changes (see Ederington, 1979). h° signifieé
how much of the output needs to be hedged in order to minimize
risk. A hedge ratio of 1 shows that all output needs to be hedged
to achieve risk minimization. Furthermore, for cotton, in order to
hedge 50,000 lbs of cotton, one needs to purchase one N.Y. No. 2
cotton futures/options contracts which has an underlying quantity

of 50,000 lbs.
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For the construction of hedges we need to determine when the
hedge is placed and how long it will last. We assume that the
rhedges are placed duriny the planting (sowing) season in order to
guarantee profits to growers and cover the fixed minimum price
offered to growers by the parastal marketing agency or the
government. The sowing season for FPA cotton ends around July-
August. Thus, we assume that the hedge for FPA cotton is placed in
Angust of each year by buying the July No. 2 contract and lifted at
the end of June before the contract expires. The timing of the
hedge, therefore, approximately coincides with the cotton season in
FPA countries. Hedges for 1987 through 1991 are constructed in this
manner.? For the other cottons we assume the hedges are placed
around the planting season, in April of each year, by buying next
'year's'March contract and lifting it the end of February before the
contract expires.?® Thus, the commitment in the futures market is
equal to a period of 11 months from the time the hedge is placed to
the time it is lifted. Hedges are constructed for those years for

which data are available.

2rhe estimated ex-ante, risk-minimizing hedge ratios appear to
be very similar for each of these periods. This indicates the
robustness of the estimated hedge ratio over the various periods
(see Tables 3 through 7).

BThe results do not change significantly if we pick another
month for simulations. Compare, for instance, Table 5 in
Satyanarayan et. al. (1993) and Table 7 in this paper. The timing
of the hedges for FPA cotton in these tables is different, but the
risk-reduction results are quite similar.
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The risk-minimizing hedge ratios for each year are

rrdialculated by using information available at the time the hedge was
.placed. Thus, the hedge ratio for the August 1989 hedge for FPA
cotton was estimated using data between May 1985 and July 1989; the
hedge ratio for the August 1990 hedge was estimated using data
between May 1985 and July 1990, and so on. These hedges are thus

ex-ante hedges.

Tables 4 through 8 report the estimated risk-minimizing
hedge ratios and contrasts the performance of four portfolios -
Unhedged, Naive, ex-ante Risk-Minimizing and ex-post - over the
-1life of the hedges. By definition, an ex-post hedge provides the
maximum amount of information to the hedger and, as a result,
yields the maximum amount of risk reduction. It can, thus, be
i:hought of as a benchmark against which to compare the performance
of other hedges. It is apparent from the results that in every
‘one of these hedges the risk of the unhedged position exceeded the
risk of the hedged position. Notice also that if a policy of
covering all of the spot positions in the futures market had been
followed, the risk of the Naive portfolio would have been less than
the Unhedged portfolio in twelve of the hedges but more than the
Unhedged in five of the hedg'es. This is not surprising given that
Naivé hedges work well only when the spot commodity and the futures

commodity are almost identical.

U1t should be remembered that the risk-minimizing portfolio is
ex-ante. The ex-pogt risk-minimizing portfolio may be quite
different.



Table 4: Performance of‘ Hedged and Unhedged Portfolfos for Uzbekistan Cotton

April 1987 Hedge

Note: We were unable to construct a hedge for April 1990 due to missfng observations. A negative sign for risk reduction means that the hedge is
risk-increasing rather than risk-reducing.

Perfod portfolio Hedge Ratio Return Risk Rigk Reduction
Aug 85 - Mar 87 Unhedged h=20 .50 25.41 .

Nafve h=1 .39 1.85 92.7X

‘ Ex-Ante Hedged h= 17 48 18.38 28%
Apr 87 -~ Feb 88 EX-Post Hedged h = 1,07 .38 1.74 93X
Aprit 1988 i

Period Portfolia Hedge Ratio Return Risk Risk Reduction
Aug 85 - Mar 88 Unhedged h=0 -1.01 22.92 -

Nafve h=1 -1.19 3.27 86X

Ex-Ante Hedged he=,28 =1.06 14.62 34%
Apr 88 - Feb 89 Ex-Post Hedged h=1.23 -1.23 2.56 89%

_April 1989

Period Portfolio Hedge Rat{o Return Risk
Aug 85 - Mar 89 Unhedged h=0 .63 5.09

Naive he=1 o35 1.17

Ex-Ante Hedged h= .35 .53 1.64
Apr 89 - Feb 90 Ex-Post Hedged hs=.7 43 .39

April 1991

Period portfolio Hedge Ratio Return Risk _Risk Reduction
Aug 85 - Mar N Unhedged h=0 -2.73 2.52 -

Nafve h=1 -.97 2.58 -2%

Ex-Ante Hedged h=.3 «~8%
Apr 91 - Feb 92 Ex-Post Hedged 1%




April 1987 Hedge

portfolio

Return

H
Unhedged h=0 (4 .
Naive h=1 +66 91%
Ex-Ante Hedged hs=,27 (3 &41%
Ex-Post Hedged h = 1.03 .66 92%
April 1988 Hedge

Portfol io Hedge Ratio Return Risk-Reduct fon
Unhedged h=0 =16 -
Nafve h=1 -.34 38%
Ex-Ante Hedged hz.,35 -.22 43%
EK’POS! H ed h = 165 --27 s‘x

A negatfve sign for

risk-reduction means that the hedgo‘ is risk-increasing rather than risk-reducing.

Hedge
pPortfolio Hedge Ratio Return
Unhedged h=0 -.07
Nafve hs=1 41
Ex-Ante Hedged h=.,37 11
s Ex-Post Hedged h = .69 .26
april 1990 Hedge
portfolio Hedge Ratio Return Risk-Reduction
Unhedged h=0 7 -
Nafve h=1 -1.27 -2374
Ex-Ante Hedged h= .38 -.01 53%
. Ex-Post Hedged hs .} &b 57%
Hedge
ortfolio Kedge Ratio Return Risk-Reduction
- Unhedged h=0 -2.98 -
Naive h =1 s 45.6%
Ex-Ante Hedged h= .38 =2.07 28X
- Ex-Post Hedged ha 1,02 - 53 4€X




Table 6: Performence of Hedged and Unhedged Portfolios for Yurkish Cotton

_April 1987 Hedge

‘ Portfolio Return Risk-Reduction
Jan 85 - Mar 87 Unhedged -7 -
; Najve 1.00 -23%
: EX-Ante Hedged .03 5%
Apr 87 - Feb 88 Ex-Post Hedged .20 2]
i April 1988 Hedge
Period Partfolio Return Risk-Reduction
! Jan €5 - Mar 88 Unhedged -.76 .
Nafve -9 -10%
Ex-Ante Hedged -.80 ™
pr 88 - Feb 89 Ex-Post Hedged =.84 10%
April 1989 Hedge
Period portfolio Hedge Ratio Return Risk-Reduction
Jan 85 - Mar 89 Unhedged .21
Naive 1.60
Ex-Ante Hedged 46
r 89 - Feb 90 Ex-Post Hedged 1.26
April 1991 Hedge
Portfolio Return
Jan 85 « Mar 9% Unhedged «1.39
Roive 37
. Ex-Anie Hedged
r 91 - Feb 92 Ex-Post Hedged

Note: e ware unable to nonstruct a hedge for April 1990 due to missing observations. A negative sign for risk.-rechctim means that the hedge is

risk-increasing rather than

risk-reducing.




Teble 7: Performsnce of Hedged and Unhedged Portfolios for Pakistan Cotton.

April 1994

7 Period

Portfolio

Hedge Ratio

edge

Return

Risk-Reduction

Aug 88 - Mar 91

Unhedged
Nafve

Ex-Ante Hecged
Ex-Post Hedged

h=0
h=1
h= .43

Note: We were unable to construct hedges for other years due to missing ocbaervations,

%%
69%
95X




Table 8: Performance of Hedged and Unhedged Portfolios for FPA Cotton.

|

[Sppypen

pot | portote i P T C S T

May 25 - July 87

Aug 87 - June 88

May 85 . July 88

Aug 88 - June 89

Unhedged
Naive

Ex-Ante Hedged
Ex-Post Hedged

Unhedged
Naive

Ex-Antc Hedged
Ex-Post Hedged

Augun 1987

August 1989 Hedge

Portfolio

Hedge Ratios

Retum

May 85 - July 89

Aug 89 - June 90

Unhedged
Naive

Ex-Ante [{edged
Ex-Post Hedged

h=0
h=1
h* = .3
h = .61

2
.28

Period

Portfolio

Hedge Ratios

May 85 - July 90

Aug 90 - June 91

Unhedged
Naive

Ex-Ants Hedged
Ex-Post Hedged

k=0
h=l
he = .32
h =36

Period

Pontfolio

Hedge Ratios

May 85 - July 91

Aug 91 - June 92

Unhedged
Naive
Ex-Antz Hedged

Ex-Post Hedged
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We can also calculate the risk reduction benefits of

hedging as the percentage of the unhedged variance that the risk-

' minimizing or Naive hedge eliminates. Thus,
% Reduction in Risk = 1 - [Var (Hedged) /Var (UnHedged)]

The risk reduction and portfolio returns of the different portfolio

constructed for hedging are as follows:

For Uzbeki cotton (Table 4), the ex-ante portfolioc was better than
the Naive in only one of four years. However, the year that the
Naive portfolio did worst it lead to an increase rather than a
decrease in risk. The risk reduction of the ex-ante hedge rangea
from 28% to 68%, and that of the Naive portfolio from -2% to 93%.
The Naive portfolio risk reduction was quite close to the maximum
possible risk reduction as indicated by the ex-post portfolio. In
three out of four years, the Unhedged portfolio gave a higher
return than either the ex-ante or ex-post portfolics. Hedging
carries a cost in terms of foregone returns, and whether the hedger
considers these costs reasonable or not depends upon attitudes to

risk (i.e. degree of risk-aversion) .

: Badditional .costs include the brokerage fee (usually 1
thousandth of the contract wvalue) and the opportunity cost of
holding a margin account--i.e., the difference between the interest
bearing notes of the margin account and investing somewhere else.
These.costs are very small.
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For Chinege cotton (Table 5), the ex-ante portfolio was better
than the Naive in two out of five years and in one year they had
the same risk reduction. For 1990, though, the Naive hedge
resulted in a very significant risk increase rather than risk
reduction. The range of risk reduction by the ex-apnte portfolio
was between 28% and 56% and that of the Naive portfolio between
~237% and 91%. With the exception of 1991 and 1989, the returns of
the Unhedged portfolio weée higher than the rest, indicating that

there is a cost in hedging (reduced returns for reduced

volatility).

For the Turkish cotton (Table 6), the ex-ante portfolio
reduced risk in two out of four cases in the range of 5-24%. Naive
hedges led to risk increases in 1987 and 1988 (23% and 10%
respectively) but for 1989 and 1991 did significantly better than
ex-ante hedges. It is worth noting that the ex-post hedges led to
rather small risk reductions (7-28%) with the exception of 1989
(58% risk reduction). The return of the unhedged portfolio was

higher than the others for only one year, 1988.

For Pakistani cotton (Table 7) simulations were possible only
for one year, 1991, because of the unavailability of data for the
other years. Thus, for 1991, ex-ante hedges reduced volatility
less than the Naive while the Naive hedge gave results almost
identical to the maximum risk-reduction possible as indicated by

the ex-post hedge. The Naive hedge gave the highest return and the



" Unhedgéd position the lowest return.

For FPA cotton (Table 8) risk reduction benefits range from
65% for the August 1989 Naive hedge to -116% for the Naive hedge of
August 1990. The negative sign in 1990 implies that by hedging all
output, the risk of the naive portfolio increases over that of the
Unhedged portfolio. For 1989 and 1990, ex-ante hedges did better
than Naive hedges. For the rest of the years, Naive hedges did
better than ex-ante. However, given the fact that Naive hedges
could lead to significant risk increases (1990), they are
considered unsuitable for hedging FPA cotton prices. The range of
ex-ante portfolio risk reduction range between 16% and 60%, which
is also similar to the other cottons examined. With regard to
hedging returns for 1988 and 1989, the Unhedged portfolio gave a
higher (positive) return than the ex-ante or Naive portfolios. For

the rest of the years, the ex-ante, Naive, and Unhedged positions

all lost money.

~To sum up, we have assumed in this paper that cotton producing
developing countries are risk-minimizers, and we have been able to
show that hedging can reduce risk. While there were some years in
ﬁhich the Naive hedges led to a significant increase, rather than

reduction, of risk, overall the Naive hedges contributed to

bpor the case of FPA cotton, Satyanarayan et. al. (1993) have
extended the analysis to quantify the risk-return trade-offs from
hedging FPA cotton and estimated the optimal hedge ratios at
different levels of risk aversion.
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significant risk reductions. 1In several cases the Naive hedges
- performed at least as well as the ex-ante hedges. However, the
possibility of increasing risk, rather ﬁhan reducing it, as
manifested in 5 out of 19 cases, makes the use of Naive hedges
unwise for hedging;the cottons we examined. At times Naive hedges
increase risk significantly. It is also worth mentioning that, in
every case, higher risk reduction resulted in lower portfolio
return, highlighting the notion that hedging carries a cost.!' The
attitude toward risk will determine whether this cost is reasonable

or not.

-Introducing risk aversion in the portfolio model of hedging
developed earlier requires some modifications.!® Hedges now have
to maximize an expected utility function that is:

EU=ER, - AVar {P)....ciciicieeirnncnannannnnn (6)
where A is the risk aversion parameters and ER, and Var (P) are
defined in equations 3 and 4 respectively. A high (low) wvalue of
A imply high (low) levels of risk aversion. The model above is a
mean-variance model and implicitly assumes that the hedger has a
quadratic utility function or that returns are normally
‘distributed. The optimization problem is to select the hedge ratio
(h) which maximizes EU. The optimizing hedge ratio is inversely

related to A and positively related to the "bias" between the

Ucogt is defined as the risk-return trade-off.

8por details see Satyanarayan et. al., 1993. They apply this
approach to the FPA cotton.
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current and the expected futures price. For very high values of A\

-{i.e., high risk aversion) or assuming no bias in futures prices,
- the optimal hedge ratio derived from (6) is the same as in equation
5 earlier. A prcblem associated with this type of analysis is the
existence of the "bias" in futures prices. A posteriori, we could
calculate the "bias", but a priori, when the decision to hedge
needs to be taken, it is hard to predict what the "bias" will be.
Also, the "bias" tend to change over time and that affects the

optimizing hedge ratio.

In summary, there is a risk-return trade-off in hedging. A
risk averse agent will always choose to hedge. However, how much
will be hedged (i.e., the hedge ratio) will depend on altitudes
towards risk ﬁnd the "bias" in futures prices. Furthermore, for a
risk-averse hedger, the benefits of hedging lie not so much in the

potential for increased returns as in the reduction of variance.
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III. CONCLUSIONS

| Cotton exports are a significant part of agricultural and
total export revenues for many developing countries. In several
. céses the share of cotton exports has in fact increased, which
means that several developing countries have increased their

exposure to cotton price volatility.

In many cotton producing developing countries, the major part
of the cotton price risk has been borne by the parastatal marketing
authorities and ultimately by the government. This was mainly
because of the governﬁent-controlled fixed or minimum prices paid
to producers. Administrative prices or price support schemes have
created severe fiscal problems during periods of persistent cotton
price declines. Recent marketing reforms have lessened some of the
governments' exposure to cotton price wvolatility by introducing

flexibility into their cotton pricing systems.

To see the benefits which could be gained from using futures
contracts to cotton price risk, this paper investigated the risk
reduction possibilities for cotton from Uzbekistan, Pakistan,
Turkgy, China and the FPA countries, using portfolio analysis. A
portfolio model of hedging was developed in which the der.ision
problem was to select the optimal hedge ratio under two behavioral
assumptions - risk minimization or utility maximization under risk

aversion. We found that "cross-hedges" for the prices of the cotton
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varieties examined have significant risk reduction potential.?® wWe
simulated ex-ante cross-hedges and found that in each case, hedging
was effective in reducing price risk. In most of the cases, the
risk reduction benefits from ex-ante hedges were around 50%,
meaning that the use of N.Y. cotton futures contracts could remove
50% of the intra-year cotton price volatility. Naive hedges,
overall, also reduced risk but at times led to significant risk

increases rather than risk reduction.?® Hedges come at a cost. In
every simulation we found that risk reduction resulted in a lower
return to the portfolio. Attitudes towards risk, i.e., degree of
risk aversion, determine how much of the risk-return tradeoff
(i.e., the hedging costs) is acceptable. For a risk-averse hédger,
the benefits of hedging lie not so much in any potential for

increased returns as in the reduction in variance.

Bp typical cross-hedge in cotton is to hedge the price of one
quality by using a futures contract based on a different quality.

YNaive hedge is the hedge that has one as a hedge ratio.
Hedge ratio is the amount of futures contracts needed to hedge a
certain quantity of a commodity (cotton in our case).
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