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Optimal Hedging Strategies for Price Risk
Management by Wool Growers:
Numerical Sensitivity to Model Formulation,
Risk Avu. sion and Price Expectations

, Amanda M. Coud and David J. I’mmcll
Agricultt z:l zmd Resource Eeononics, The University of Western Australia,
: lelands 0917
~ Abstract
Since the abandonment of the I\cax.rw Price Scheme in June 1991, Australian wom
growers have been left with fess protection from fluctuating market prices. This has
generated renewed anterest an alternative forms of wool price risk management,

including hedging with futures. -

This paper reports results from a range of hedging models applicd to the Australian
wool industry. The merdels im:iudc'represe:nation of &t range of realistic complexities
encountered in hedging decisions. including price risk, prnducmm risk, basis risk,
transaction COSLE. variation in nsk attitudes, and variation in producers’ price
| expcct.mons ']he relative importance of exch of these complexities in determining
the optimal hedging suumy is investigated, The results mdu.atc the high xmpouance
of price expectations and the relative ummpm tance of risk aversion as determinants of

hedging decisions.
int’rQ&uctiov;

~ Australian wool growers face two main typcs* of risk, price risk and production risk,
Price ~1sk is caused by pm.e volatility. Production risk (qualuy and quantity risk)
con #- fiom climatic and seaxmml factors including such thmgs as rainfall and disease
(Ll swa et al. 1996). Financial risk is anolhar consideration and comes from sudden

changés in such things as interest rates and credit availability (Cunningham 1993).

" Paper pmsemcd to the 4 s Aunuat Conference of the Australinn Agricultural and Resource Economics
Saciety, Gold Coast, ngcnsmnd, Australia, 21-24 January 1997.



The need for price risk management in the wool industry comes about because, like
most other agricultural émnmnditics, wool prices are volatile (Bardsley and Harris
1996: Threlfall 1980), This is a result +f the demand for wool being highly elastic
(Corra 1985; Cunningham 1993) and the supply of wool being vcry inelastic
(Cunningham 1993). The time taken for growers to react to price changes is ]englhy;
because of the natre of Austmlmu 'mml production in thc short term. In the lonoer
~term wool SUppl\’ is more elastic (( unningham 1993). Price risk nmu.agcment can

reduce 1hc effects of price \olauht\'

The Australian wool futures market was initiated in 1960 in response to high wml'
price vnl'ui'lit\} in the 1950° (Lubulwa et al. 1996). Thﬁ reserve price scheme for
wool became opcrmamml in 1970 i i order to stahilise prices for wool um\wry The
reserve price scheme operated for 2 years until its demise in 1991 lw\fmg wool
growers the responsibility of marketing therr own wool once again. Growers have
certainly become aware of \‘D]:ltlld wool prices is since the scheme’s demise, and this

has led te renewed interest amongst waol producers in the use of forward contraets.

The aim of the paper is to evaluate the relutive importance of a wide range of factors
in the determination of the cconomically optimal hedging strategy. A range of models
of different degrees of complexity and realism are presented and solved numerically

for different leveis of risk aversion and different price expectations.
 Price risk management alfernatives

Since the suspension of the RPS, there has been a much greater interest by growers in
various forms of price risk management. These include (a) auction (or the ‘spot’

market), (b) storage, (¢) forward contracts, (d) furures and (¢) ‘options on futures.

{a} Arction
Approximately 80 pcr cent of growers scll their wool to brokers for auction sale on the
spot market, Tt is common for growers to sell their whole clip on a single day at
auction regardless of the market situation. Growers can sell through the auction after |



shearing without any hedging agz\iﬁs( price risk. A number of studies havc‘
investigated the auction selling system (e.g. Angel et al. 1990; Beare and Meshios
1990; Cunningham 1993; Stoeckel et al, 1990; Ward 1993; Watson and Pa,tish 1982).
- As Cuaningham (1993) writes, wool growets that sell at auction v out wny form of
price manipulation™ will experience “the effects of price volalllnty and hence, price
risk™, Consequently, there are marketing alternatives :wuﬂable for growers to use to

help combat this risk, forward contracts and futures among them,

th) Storage
Growers can also store their wool on-farm in thmr own Mmds and sell sometime after
sheari g, .Slux age of commodities on-farm can be used as a hedge against price risk

when prices aie expeeted to rise in the future (Hertzler and Coad 1996).

! (¢} Forward Ce arracts

In the past, efforts lxmc heen made to remove some of the urcertainty faced by
growers in the auction system by the use of forward contracts for a fixed price and
quality of wool. A ibrwnrd contract is usually priced on the market indicator for wool.
A number of private huy:r\ offer growers the option to sell their wool forward and
thereby lmkmg in a price for their phyxxc.ﬂ (Cunningham 1993: Hertzler and Coad
1996), There is evideace that farmiers prefer forward contracts over futures contracts
(Farmline 1996: Nelson 1985; Paul et al. 1976).

(d) Futures ,

Another alternative growers can *qupt is futures contracts on thc Sydney wool futures
market. A grower can take out & contract al the beginning of the year for an end of
year sale price. Futures require expertise, effort and time (o monitor the markets, and
capital for meeting transaction costs and margin calls (Cunningham 1993; Hertzler
and Coad 1996; Sydney Futures Exchange 1996). One of the main functions of the -
futures is to facilitate hecging. Hedging proleets against the physical market price -
voiatility (Lubuiwa ef al. 1996), S ‘

As Cunningham (i993) noted, Gruey {19601 found that the basic reason for wool
growers to trade futures “is to limit their price exposure between the time of shearing



and the sale of the clip. This means that wool growers can lock in a price at the time
of shearing if the price is desirable. In this case it doss not matter whether the prices
tise or fall during the time of the hedge the grower will be assured of receiving a price

close to the futures price at shearing time™ (Lubulwa et al. 1996),

There are prsibly many benefits of using wool futures.  As Cunningham (1993)
outlined, Arnott (1992 identifies the i‘cur main benefits of using wool futures as
1. the reduction of risk through various liedgmg snfdtegics,
- 2. the option to opportunity price beeause of price volatility,
3. the ability to have wrading stances in both the cash and futures markets so as 1o
realise a profit from movements in price in either market, and
4. price discovery (the generation of future expected prices of a commodity) which is

useful in making production decisions,

| ‘, Adjixsting wool production 1s not a!ways an easy riskrfcducing response for growers.
Production plans that are already in action have to be continued until sale time. '
Therefore, other types of risk responses are 'reqiliréd. One such response is trading a
risky prospect for a safe one, Generally, there is a cost involved in exchanging risk
which is a lower return on the ;.’s;"ufe pmspec:t than is expected on the risky pros_pect
~ {Robison and Barry 1987). Futures markets allow growers to do just this. By
gtxarumeeing‘ the grower a fumm price, risk can be shifted by hedging without having
to adjust the quantity of wool ptod,tzced, Australian wool growers have the
“opportunity of using futures markets to help stabilise the prices received for their
production (Threlfall 1980} Because price volatility is a major cause of income
instability, stabilising prices sh‘uul‘cyi« also help stabilise income (Threifall 1’9805); '

{e) Options on Futures ‘ v
A strategy, recently made available to wool growers, is options on futures, Growers
can purchase call options which give them the right but not thebbﬁgalign, to purchase

futures contracts at the exercise price guaranteed by the contract.

~ In this paper, we only consider spot selling, forward contracts and futures, Forward
contracts und futures, however, are not utilised fo a very wide extent in the wool



industry. As Threlfall (1980) mentioned, Phillips (1966) found that 99 percent of
Australisn wool growers did not use the wool futares market (Theelfal! 1980). |
Reasons for this included such factors as:

. not knowing the potential benefits of futures,

2. the Tack of infm'n,un:ion on how to usc futures,

3. when prices are high, futures aze ata dikscount'pcrm:iv«xl s (o large,
4. not wanting (o risk the wool price rising after selling futures, |

5. and such views as, {uiures markets harm the wool industry, ;

The sitvation has not much chunged since Phillips’ observations,  Preatz (1965)
surveyed 560 wool growers and found that only 5 had used futures before (Malcolm
1994), A 1996 Kondinin Group Profarmer survey indicated that of the 131 farms, 95
percent sell to auction and 72 percent plan to, 18 percent sell forward to a marketing
board or to a private buyer and 32 percent plan to, 7 percent are hedging with futures
and 26 percent plan to use them, 1 pércém are hcdging with put or call options and 30
percent plan to use them (Farmliné 1996), Though it is a useful indicator, this survey

is a very biased indicator for this pupers’ purposes’,

For Canada and the United States of America, evidence suggests that between five and
| twenty per cent of primary producers use futures markets to manage diefr price risks |
{Berck 51'931; Eidman 1994). Forward contracts, futures cnn‘ti‘aets and options on
futures contracts are used widely by Austraiian cotton growers through the New Yotk
futures exchange and to @ certain extent by Australian wheat growers through the
Chicago futures exchange.  Australian thzli' and wool growers can use futures
provided by the Sydney Futures ‘EXchangc., although the liquidity of the markets are ‘
often questioned { Dick 1996). There is then a nced for wool grdwcrs to be able to
easily access information on the advantages and disadvantages of alternative forms of

price risk management and to then access the actual instruments,

VI Profarmer statistics are from a select group of growers that wished to triat Profarmer for frec and
some were picked out for a free trial based on a fact that they were big producers. All were Kondipin
Group menbers, .~ T ‘

£ S



Wool Growers’ Attitudes Toward Risk

Mast wool growers prea more stable incomes and therefore prices and so will seek
price risk management alternatives in order to achieve this ((?uumngljum‘1993).. Wool
growers vary in their ::al‘(ilud’cs toward risk. ‘The Jiterature indicates that most farmers
are risk averse (e.g. Bond and Wonder 1980: Fransiseo and Anderson 1972) and
would therefore be wilhng to aceept fower income on average in exchange for less
sisky or less volatile income (Bardsley and Harris 1987; Binswanger 1980; Feder er al.
1980; Fraser 1986; Newhery und SI:glm 198 1; Rogers 19831 Price risk management
alternatives can be useful for i rish averse wool grower in securing reasonable prices

for the end of the year.

Risk averse growers are willing fo give up a pit m‘ thmr income in order to gain the
remainder at 4 certainty. Growers are mostlv risk averse i their decision mﬂ}*mg, and
so their utility v inereased i price or qui nmy risk can be reduced (Petzel 1984),
Hence, rish averse gi:owcrs i the wool i«ndustry need methods of reducing the risk that

oceurs in the “frec’ market. If growers can adopt a method which manages price risk,
| ‘lhcy would be better off from the utility of a more Lcﬂdlﬂ income. Henee, a risk
averse wool grower wanis to adopt risk management fools to reduce price uncertainty,
This occarred in the Tate 1950s and 1960s and lead on to the commencement of the
Reserve Price Scheme which eventually failed feaving growers sceking alternative

means to manage price risk and reduce income uneertainty (Cunningham 1993),

Risk averse behaviour is accepted throughout the literature as being the norm, b,ui the
question of whether risk aversion is constant, decreasing, or increasing with increasing
wealth still remains unclear. Decreasing absolute risk aversion (DARA) is supported
by some empirical evidence, but the choice between relative (RRA) and partial
retative risk aversion (PRRA) is less clear {(Hamal and Anderson 1982; Pope and Just
1991). We have assumed for convenience that an increase in wealth (W) leads to no
change in .|bwluu, risk aversion (constant absolute risk .wcrmon, or CARA), whem.
ARA =-U"U".
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Bond and Wonder (1980) obscrved that while their results established the ~r¢Icvanée of
visk attitudes in theory, there remains the !::rm)ir.ic:al1 question of whether risk
parameters are of sufficient size to make any real difference to hedging ratios that
might be observed in practice. I»mmncaz estimates of individuals® risk attitudes are

sparse, und there are dif (Jmmles in comparing across the various mudxc\.

~ This paper is designed to compare various levels of risk within the wool growing
system,  Models of various complexities are compared i order 10 assess what the

most impmam features of price 1 sk management are.
Features of the Models

Th‘c frierature m this area is vast. Maoy types of .:msdels Mm different complesitics
for many different commodities have been investigated over the years.  The

‘cbmpl‘cxixim i‘nvess‘;u‘.:ued in this paer for wool include price risk, production risk,
basis risk, transaction costs, variation in risk attitudes, and variation in producers’
price expeetations. As in Paroush and Wolf (1989, this article mmlala a competitive
wool growing enterprise in a two period world {the begmnning of the season, and the
end of the season). 1t investigates fiwo choices of a risk averse grower. The first
choice is the quantity of wool fo praduce for the season and the second is the optimal
amount of waol to hedge in the futures market at the beginning of the season, At the
begmmng, of the year, thee= choices are mide, At the end of the year the grower sells
“the wool in the physxc:\l (spot) market and closes out the futures market pm.:twn, The
complexities are added to this scenatio, one by one.

The 16 versions of the model are:

I(a), (b), (¢), (d). price risk only,

2a), (b, (¢}, (d), price and quantity risk,

3(), (b), (2, (d). price, q‘uamity and bas risk, and

~ 4(a), (b), (), (d). price, quantity, basis sisks and tmmm:iib‘n costs, ;
where (a) versmns include higher absolute risk aversion coefficients (ARA) and -
exogenous decision making on quantity of pmdumton, (b) versions include blgher
ARA and endogenous quanmy, (c) vez.,m::s ticlude lower ARA and exogcnoue»



| quantity, and (d) versions include lower ARA and endogenous quantity. For each
versian, the expected utility is caleulated with the correspending hedging and
production levels, as well as the percentage of certainty equivalent which would be
Jost from @ steategy of not hedging. : =

Expeeted Utility and Certainty Equivs llmt

Expected utility (E(U)) is the sum of all wtilities weighted by their respective

probability. Utility is caleulated as follows; ‘ -
: , U= 1eexplAa) et
where 7t is profit for the state in question.
, Vrofit is caleulated as follows:
= QP+ QuF-S) »((‘,‘ +CY )

where Q is mm! qu'mtu} Qn 15 the guantity hedged, Q,;. is the quantity not hcdgcd F

is the futures price, P is the final woal spot price, and S is the settlement price.

Variable costs are given by : ‘

; ¢, = 1.88, Q +0.00008.
and Cy s fixed costs, and where total expested qmm‘tily produced:

- Q=Qum ’*"th

The certainty equivalent is the amount exchanged with certainty that makes the
* decision maker {wool grower in this ease) mdtlfezent between this cxc]mnge and some
pamwlar sisky prospect fe.g. wool price) (Andcrson et al. 1977). The certainty
~ equivalent tikes into account both (a) the probabilities in the risky prospect and (b) the
preferences for the consequences (Anderson et al. 1977). 1tis practical to compare a
~ermimy equivalent (CE) with the expeeted money value (EMV) of a.ipmspect»’
(Anderson et al. 1977). When the C3 is less than thie EMV, the gmwef is c«xhibiﬁng
an aversion to risk. 1f the grower's CE is greater than the EMV, the dccusnon maker
has a 38k preference (Anderson et al. 1977). 'The risk premium of the pmspect is the
difference between the mean of a tisky prospect and its CE (i.e., EMV - CE in the case
of a money prospect).  When CE = EMV (e, the risk prc'mum is zero) is the rare
case of indifierence o risk (the grower is risk neutral) (Anderson ef al, 1977). |



Tn our models, the certainty equivalent is caleulated as follows;
CE = In(} - E()-A ... (3),
where A is the coefficient of ubsolute risk aversion (ARA),

Producer Price Expectations

In their analysis, Park and :\nmmww (1990) considered cxpm,l.mmw Arnott (1992)
said that price expectations  perform a magor part in production - decisions
(C’unmnglmm 1993). Price expectations are mentioned throughout the literature (e.g,
Eales er al. 1990; Seandizzo et al, 1983: Turnovsky 1974).  However the most
common urssuniption by far is that mean of the producer’s subjeetive price distribution
corresponds 1o the futures price®. This is clearly a special case. In this study, the

impacts of refaxing this assumption are investigated.
Version I: Price Risk Only

The first model incl ude\; 'price risk only.  We assume that prices are normaily |
distributed, Quantity is piven exogenousiy in Versions 1(a) and (¢}, while quantity is
endogencous in Vcrsmn s 1(b) and (d). While hc,dgmb reduces price risk, it introduces
basis risk tRobison and Barry 1987). However, in these initial simple versions of the
~ mdde}_, we pssume that the basis cun be predicted with certainty. This assumption is
relaxed in later versions. Tn this scenario, ihe grower can sell some wool, Qy, forward
{usuaﬂ’y after shearing) at a fixed p‘;ri‘cr? F. Alteenatively, the grower can sell wool, Q,
on the spot market at the end of the year,

The aqu.ntmns. (l) {2) (3‘), shiown above are uscd in these mnmm, but price is nsky»

] Umbmsc&d pnces. (Sub,gcctwes s 1n tle futures contract means that the md;vidua] believes 1hcrc i an
expected gain from selling (buying) the futures contract. Unbiasestness is where the individual's
expectations can be said to agree with those of the market.



Assume that €, - N(O.6%) st that risky 1§rice is normally distribut&d. P ~ N(P ,a‘"é,)‘.
Robison and Barry (1987) show that the optimal yuantity and hedge are given by these
first opder conditions: |

AEANAQ =0 =P - € - MQ- Q) . (5)

| AN =0 = P - F - MQ- Qo) ... (6)
and the solution Tor Qr is found by adding these two equations, (5) (6) together:
| F- =007 |

This indica’twa that the grower should inmasc or deerease wool quantity until the

marginal cost of pwdm.tmn equals the pnu: per kilogram of wool on the fotures

market. This comes about beguuse price variability, which is the nnly source of risk,

¢en be ulsxmnatmi with hedging. Therefore, the quantity decision is made as if the

wool production is risk free. Output only depends on the fomml contract price and

variable costs, hot on risk attitudes (Robison and Barry 1987},

Risk attitudes, however, aftect the hedging ‘Imsmn, where a rxsky asset is being

traded foi a :.utmn one. Solve for (Qy with the partial derivative (6);

Qp=€Q- (e - FVAg') (8)

Ilerm if the mpmeﬂ spot price, P, t,quals the fatures price, F, then total output Qn,
~will be fully hcdg.«.d P> F, then the prower will hcdh,e less than the full wool elip

(Robison and Barr} m%'n The more risk averse the gmmr‘ the greater the level of

hedging Tor a constant posmw difference belwean P and F, Only it I exceeds the

-‘cxg)ected spot price will the 11k averse prower speculate ( Robison and Barry 1987},
The parcentage of :,certaimy equivalent Jost from not hedging is caleulated as:

% CE lost = 1K) ACEy - CEylCEp, ,
- where CE; is the certainty equivalent when the wool was o mmaih ho:dg::d and CE,,h ,
is the cenainty equivatent received if the level lA of hedging is zero. . k

Version 2: Price Risk and Quantity Risk

This model is the same as Version 1 cxcep‘t that q‘uamity is now also a risky ptos,peé:t.
 Quantity is exogenous in versions 2(a) and 2(c) and endogenous in 2(b) and 2(d).

10



Models that include both price and quantity risk are common in the hedging literature
te.g. McKinnon 1967: Bacsel and Grant 1982; Bray (1981); Musser et al. 1996;
Robison and Barry 1987); Danthine ( 1978), Holthausen (1979), Feder et al. ( 19803).
OF these, the last three include endogenous quantity. When output levels are
uncertain, deersions about waol production and hedging become more mmplcx,
Hedging reduces or climinates price risk but cannot eliminate quantity risk,  As
‘Robison and Barry {1987 report, the inclusion of quantity risk changes the
conclusions of the model. To elaborate, let input x be converted o output by the
funetion £ with a stochastic element v, added xa that n‘utput is fix) + v, where v i§
distributed with meun zero and varianee 0. Thus, the expected quantity of wool
production is : | ‘ ' |

: ; Elftusvi=fg 9 |
Profit s nnﬁv ihe pmducl; of two random variables, The hedging decision concerns

two risky alternatives, resulting in a portfolio-type problem (Robison and Barry 1987).

Commenting on ihis umﬁel, Lapan and Moschini (1994, p471) ohserved that, “The
impact of production risk ... oueurs for two reasons. First, the orthogoual production
risk reduces the optimal hedge (for £ > 0), as shown by Lmq (1982). Sccond, the
correlation hetween yields and futures prices affects the opumal hedge. .. Bven if
production and price risk are independent ... the Opti‘mél’ hedge is reduced by
| production uncermmty " Thcy noted further that “the optimal hedge is a decreasing
function of R [risk Avemorx] Thus, as the individual becomes more risk averse.

~optimal futures sales decrease™ (Lapan and Moschini 1594, p471).
Version 3: Price Risk, Quantity Risk and Busis Risk

Basis risk is the variation of the difference between the futures price and the spot bﬁcc
faced by the wool grower who chooses to lmdge using the wool futures contract, At
any point in time, there may be a difference between the spot market price of wool to -
be hedged and the nearby futures market price, This price differential is called the
contract basis (Cunningham 1993; Lubulwa et al. 1996). Studies of basis risk includ - |
Danthine (1978), Holthuusen {1979), Feder ef al. (1980) Batlin (1983), Puroush and

i1



Wolf 11986), Antonovitz and Nelson (1988), qucll (1962), and Paroush and Wolf
£1989),

Following authors such as &obmm and Barry (1987), Johnson (1960). Ward and
Fletzher (1971), eifner (1973), Peck (1975), and Kahl (i%'ﬂ, we Smaly% the a*fects

of basis risk on an enterptise,

Tn these versions, the only change is the profit function and is caleulated as follows;
1= (QP) + QuE - S) - (O ()
where P is the final wool spot price, at which the tutures contract will eventually have

to be seftled.

For this version of the model, Lapan and Mmt,_hml ( mm estimated optimal hedge
ratios ranging between 0.73 and 0.54 under CARA and normality for fowa soybeans.

Version 4: Price Risk, Quantity Risk, Basis Risk and Futnres Transaction Costs

Transaction cosls in our model are represented as linear, The profit fuetion ist
n=(Q. Py + QuF-S) - ~(CHCy) - ol

where, €, | is ﬂm transaction cost for taking out & futures contract, whether it i is to buy

or bml product.  Quantity hedged is an absolute value in the equation hecause

transietion costs arg positive eved if Qy is fiegative. : '

Trans m.ium costs have received little attention in the lnumturc (chd and Tlmmpmn

1985). Clearly th 2y wm discournge hedging or speculation u:im;ve 1o & wmld with
- costless 1r'nsax:'ums. H

12



Numerical Assumptions

The numerical values .v;sumcd in this analysis are 1cahsm for rdauvely l.ngc scale

Australian wooe! growing and selling. The assumptions mdudcd

(a) expeeted waol pmduclmn (kg / ycm), Q or B(Q) = 32,,()00 (approximately 160

7 bales),

(h} a recent survey (Abadi, pers. congmn. 1996) slmwcd grower wool price cxpwt.umms
($7kg clean weight) to range from approximately 3,00 to approximately 13.00 with
a mean of approximately 7.00, therefore we assume that P or F(P) = 7.00, the initial
futures price F and the futures settlement price $ also have expected values of 7.00

{(Wooltrak 1997).

(¢) we assume that the v.u iance of capcvlcd quantity produced E(Q; is 57,600,000, the
variance of both expec - price F(P) and the settlement futures pru:c $ are 0. 5()626 :
and the covt m.mt.c of [Z(P} and S is (L46125,

(dy transaction costs are asswmed (o be ‘MO 00 {fora mund tur 1) pcr {utures conlract ‘
(2,500 kg) taken out { Burridye, pers. comni. 1996), ;

(e) the umﬂ’imcn(s of absolute risk aversion values of 5E-7, 1E-6, 2E-6 are taken as
acceptable values from the literature {Bond and Wonder I“)Si),, Bardsiey and Harris
1987), and 1E-S for comparative purposes, S '

() fixed costs are assumed to-be 13,840 per grower,

- Results and Discussion

The relative importance of each of the model complexities in determining the optimal
hedging strategy. and the percentage of certainty cquivalent lost from not hedging are

“investigated, We compared the results of models including or excluding price risk,
quantity risk, basis risk. transaction costs, and endogenous quantity decisions over two
main absolute risk aversion values, 15-6 and 266,

1%



Optimal Hedging Ratioy
Impact of madel formulations and price expectations on optimal hedging ratios

The first set of optimal hedging results (Table 1) display all four mode! formulations
when a high level of risk aversion and exagenous quantity is specified, Absolute risk
aver 1on is 2E-6, and quantity produced is 32,000 kilograms in this case, ‘

From Table 1, it is evident that the impact of price expcc(ahons is far greater than any
other complexity of the model. A move of only $0.03 prompts a huge shift in hedging

~hehaviour.

, whcn quantity risk is introduced into the model the optimal hcdgc':k decreases,
confirming 'Luii;.m. and Moschini (1994), The addition of complexities, in general,
causes n decrease in the optimal hedge. Av exception to this is for transaction costs
when the expected spot price is biased above the futres price. From Table 1, we can
tentatively siy that the addition of quantity risk has a lower impact on the optimal

hedging ratio than the impact of adding hasis risk or transaction costs.

When only price risk is present, and prices are unbiased, fi.c. expected spot price is
equal to the futures contract price) 100 percent of production is hedged. This result is
also consistent with Robison and Barry ( 1787), Holthausen (1979), Feder et al.
(1980), and Lapan and Moschini (1994).

Table 1. Optimal hedging ratio (%) (Rxsk aversion 2E-6; exogenous quzmmy',

decision).

Model Formulatlon Mean Expected Wool Spot Pn@m ($) :
LT 3 697 7.00  7.03}
P o ~ 192.60 100.00 7.40}
{PQ ‘ 190.09 97.48  4.88
|PQB | 163.28 79.94 - -G.42|
PQBT 10772 2438 .00

*P = price risk, Q = quantlty risk, B = basns risk, T = transactiori costs.



{Impact of endogenous quantity decision on optimal hedging ratios

Thesz model formulations shown in Table 2 are the s:mjc a8 in Table | except that the
grower has an extra decision to make regarding the quantity of wool produced. The
results in Table 2 clearly illustrates that the fnclusion of the eudogémus quantity
decision has no impact on the optimal hedge if basis risk is excluded, and a very small
impact when basis risk is icluded. The endogcnous quantity decision does not appear
~to be a very important influence on the optimal hadging S‘lmicgy. This supports the
findings of Danthine (1978), Feder (1980) and Holthausen (1979). ‘

- Table 2 ()ptmml hc..us,m,g, ratio (%) (Risk aversion 2E-6; uu!n;,t,nmm quantity

decision).

Model Formulation®  [Mean Expected Wool Spot Price ($)
. 697 7290 708
P S T 192,60 T00.00  7.40|
PQ i , 190.09 97.48 4.88
PQB L | 163.55 79.93 -3.52
PQBT 10789 2406  0,00]

*P pnoe nsk Q quanmy risk. B = bas;s risk, T transactcon costs,
Impact of risk aversion ot aptunal hedging ratios

The model formulations in Table 3 are the same as in Table | but have a lower
absolute risk aversion coefficient of 1E-6. It is evident in Table 3 that in the less
realistic models, the resulis are much more sensitive (o expected price. This occurs
because, here; gfowers ate less risk averse than in Table | and are therefore less
worried about the risks of specufating. In the most :cnhsm modcl the impact of risk
aversion on opmml hcdgmg is not greau
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Table 3. Optimal hedging ratio (%) (Risk aversion 1E-6; vex;c')gvcmu:; quantity

decision).

{Model Formulation* Mean Expected Wool Spot Price (§)

- | 6.97 700 703}
P , [ 28522 100.00  -85.21
@ | 1283.96 98.74  -86.47
PQB 247.66 80.97 -85.74}
[PQBT | 136.53 000 0.0}

*P = price risk, Q = quantity risk, B = basis risk, T = transaction costs.

In Table 4, the most realistic model, is taken over four levels of absolute risk aversion.
The realiﬁi'ic range of risk aversion probably includes SE-7, 1E-6 and 2E-6. 1E-S is
very unrealistic for most farmers (Bond and Wonder 1980; Bardsley and Harm 1987).

Over the realistie range, risk aversion does have an impact, but even this very wide
range of risk aversion has less impact than the very narrow range of expected price.
Table 4 also shows that for unbiased price of $7.00, the optimal hedge increases as the

wool grower gets more risk averse.

Table 4 Oplmml hedging ml:o %) (l‘rr’m quantity, basis, transaction costs (PQBT*)‘

model; ongcnous quannty demsmn)

Absolute Risk Aversion  |Mean Expected Wool Spot Pnce ($)
i e 697 700 708}
5.E-07 | 192.60 0.00  -29.63
1.E-06 136.53 600  0.00
2.E-06 107.72 24.38 - 0.00§
1E05 | 7763  60.82  44.10)

Impact of erdogenous quantity on optimal hedging ratios
Table § shows that in the simp’l‘estrnmdels‘ the inclusion of the endogenous quantity

decision does have a large impact at a low coefficient of absolute risk aversion. This

does not hold for the more ‘realisiic model.

16
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Table 5. Optimal hedging ratio (%) (Risk aversion 1E-6; cndogenous quan(ity

decision).
Model Formulation* Medn Expected Wool Spot Price (3)
, o B97 700  7.03f
P S | 470,41 100.00  -270.42
PQ - 283,95 - 98.74 -86.47|
|PQB 248.02 80.97 - -85.75
IPQBT ‘ - 136.82 000  0.00f

*P = price risk, Q = quanmy risk, B = basis nsk T = transaction costs.
Expecied C‘mt'qum‘Hmfging _
*Impact of model formulutions und price expecrations on cost of not hedging

In Table 6, the cost to the wool grower of not hedging is shown here and is very small.
This is calculated as a percentage of certainty equivalent. In Table 6, if the usual
assumption of unbiased prices is true, (i.e. expected fpri‘cé E(P} equals the futures
contract pricé F) then the value of fulure@ is very Imv ~This is true for all of our
results,  The main value of futures is when E(P) < F which is when the grower is
speculating, Other results not shown here indicate that if E(P) > F by enough, then the
grower will also receive a large expected benefit by speculating as a wool buyer,

Including complexities does not have a big impact on the cost of not hedging, but the
addition of transaction costs seems to be the most important, Addm;a tran*;atmon costs
decreases the benefit gained from hedging which is not surprising,

_ The presence of the zero values wheij E(P) is $7.03 (Table 6) can be explained by the

fact that these scenarios have correspoﬁdingly very low optimal hedging ratios (Table
:l)‘. 7 ' '
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ablc 0. Cost of not hedgmg (% of CE) (Risk zwmmn 2L~6 cxogcnoue quanuty

dccmmm

[Model Formulation® Mean Expected Wool Spot Price ($) ;
L s e 697 700 7.03§
P ‘ 2.97 - 0.81  0.00
PQ 2 : - 8.038 0.80 0.00
PQB , - 2.35 0.57 0.00
|PQBT ‘ 104 005 000

‘P = price risk, Q= quanmy Tisk, B basis risk, 1 = transactton costs.
Impact of endogenous quantity decision-on east of not ?mlgmg

These results of Table 7 show that the impact of endogenous qu'mmy is not grcat
(Table 7). When compared to Table A, the cost fo the grower from not hedging is
slightly lower when Ti{i?j is $6.97 and $7.00. ‘These resulls suggest that wool growers
do slightly respond by altering the guantity produced. Generally, Table 7 results are
highly consistent with Table 6 results, ' ‘ :

- Table 7. Cost of not hedgmg (‘Ii m‘ CE} (R:sk awrsmn 2E-6; cndogenous quannty

decision), :

[Model Formulation* R Mean Fxpected Wool Spot Price (8)
oot R 897 700 703
P R | 281 076  0.00]
PQ ; : 285 076  0.00]
a8 ‘ 2.34 0.56 - 0.00{
PQBT = ‘ 103 005  0.00f

'P= “price risk, Q- quantnty ﬁbk B = basis risk, T = transaction costs
Impact of risk aversion on cost of not hedging

The results in Table 8 show that the impact of lower risk aversion is not great (Table
8) when compared with Table 6. When compared to Table 6, the cost to the grov.2r
frem not hedging is slightly higher when E(P) is $6.97 and $7.00. These results
indicate that wool growers do slightly respond by speculating. ‘Generally, Table 8 s |
results are highly consistent wnh Table G results, : ' o
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 Table 8. Cost of not hedging (% of CE) (Risk aversion 1E-6; exogenous qﬁahﬁv:y‘

decision), : ;

Macdel Formulation®  [Mean Expected Wool Spot Price ($) «
: Sy ‘ . 6.97 _7.00 7,08

P 324 040  0.29]
lPQ : 3.28 040  0.30

PQB = 263 0.28 0.31

PQBT 0.1 000  0.00]

*P = price nsk Q= quanuty sk, B = baStS risk, T = transaction costs,

In Table 9, the most realistic model, PBQT, is taken over four levels of absolute risk
aversion. Table 9 results show that the cost from rot hedging increases as the wool
grower g gets more risk averse.  Presumably, (his result arises because, as Table 4
shows, there is more hedg mg mkm p]ucc at the higher absolute risk aversion Jevels,
The change in absolute nisk aversion, however, does not change the cost of not

hedging a great deal urless the risk aversion coefficient is unrealistically large.

Table 9. Cost of not hedging (% of CE) (Price, quantity. basis, transaction costs
(PQBT*) mode!; exogenous qu'mmy decision).

Absolute Fhsk AVEISIOH IMean Expected Wool Spot Prme (8)
| : g 697 7.00 703
5.E~07 e ‘ 0.80 - 0.00  ©.021
1.E-06 ‘ 0.81 ' 0.00 0.00{
2.E06 1.04 0.05 0,00}
1.E-05 L R 3.28 - 2.01 1.05

"P” ‘ pﬁco risk, Q = quantiiy fisk, B = basis risk, T= transactaon costs,
The expected cost of not hedging with hedging constrained to 100%

When Table 10 is compared to Table 6, the cost of not hedging is less for all model
~ formulations and expected p’ricc combinitions if the hedging is set to 100% than when
it is endogenous, This means thajt the benefits gained from I‘iawi’ngx cndﬁge,nohs
hedging (Table 6) are less than one percent of certainty "'c'quiva’l’ent in all but one
combinaiions (PQBT, S’! 03). E(P) of $6,97 in Table 6 is based on a h\gh level of
speculation, where opumal hedging > 0. In ‘Tabic 10, hcdgmg wh«:n E’(P) of $6 97 is

T



constrained to 100%. Most of thc l‘encﬁt‘: upparcnt in Table 6 can be obtamcd
without hedging beyond 100%;, especially in the most realistic modm lormulahon

Table 10. Cost of not hcdgmb (% CE) when hedging is constmmcd to 100% (Rnsk

aversion 2E-6; exogenous quantity dmsmn)

Model F‘ormulatnon“ Mean Expected Wool Spot Price ($)

RS TR 1 697 700 7.03]
P ‘ - 2.30 - 0.81 - -0,69]
PQ | 2.36 0.80 -0.76
PQB S| 2.01 0.53 -0.95|
PQBT 1.03 - -0.46 -1.95

*P = price risk; Q = quantity nsk B = basis nsk T = transaction costs,
~Conclusion

“This paper reports results from a range of hedging models representing realistic
complexities encountered when making hedging decisions in the Australian wool
industry, These complexities include price risk, production risk, basis risk, transaction
costs, variation in risk attitudes. and variation in producers’ price expectations, The
relative importance of cach of these complexities in determining the optimal hedging
‘stml,egy'kis invéstigutcd. The results indizate the high importance of price
expectations, the refative uninmmahée of ri'sk‘ aversion (in the most realistic model)
as determinants of hedging decisions, and that most of the benefits of hedging can be
obtained without hc;dgihg beyond 100%.

The impact of price expectations 15 far greater than any other complexity of the model
and is evident in ‘ail of the results, For example, for the most realistic model (PQBT)
with 4 risk aversion coefficient of 2E-6 and with exXogenous qu*\n‘tity. a downward
movement in expected price of only $0.03 prompts i sluﬁ in hedgmg behaviour of .
83%. :

In the simplest and most unrealistic model which includes price risk only and
unbiased prices, 100 percent of production js hedged. This result is supported in the

literature (c.g Robison and Barry 1987; Holthausen 1979; Feder et al, 1980; Lapan

0



and Moschini 1994). W found, as Musser er al. (1996) and Lapm and Moschini
(1994) did, that when production risk is included the grower's optimal l\cdgmg, level
is reduced. When transaction costs are added inty the model, the optimal hedge
moves toward zero. 'This is because the presenice of transaction costs lead to an.

increase in marginal costs and therefore, marginal benefits must move accordingly,

The inclusion of the endogenous quantity decision info the more realistic model
(PQBT) has little or no impact on the optimal hedge or on the costs of not hedging and

therefore does not appear to be a very impottant influence in the hedging model,

- Throughout the yesults, when the most rcn‘li.stic model is being tested, the impucl of
risk aversion is not great. Over a realistic range risk aver sion does have an impact, but
substantially Icss impact than the impact of cxpac‘:t;d price. For an unbiased pnc“ of
$7.00, the optmml hudi,c increases as the wool grower gets more risk averse. 'I'(m is

.suppuued by Lapan and Moschini ( 1994)",

If the assumption of unbiased prices holds true, then the value of using futures is very
fow. This is true for all of our results. If the grower is willing to spcc;ilatci, then
futures have some value but this value does not arise from their pote‘minl to reduce
risk! Most of the henefits from hedging can be obtained without hedging beyond
100%, especially in the most realistic model formulation,

In summary, we found that the most important factor affecting optimal hed'ging-‘is the
wool grower’s price expectations, Results from a recent survey (Abadi, pers. comn,
1996) indicate that the variance of wool :gmw;:r price éxpecmtions is large and so
hedging behaviour for individual growers can not be easily generalised.

3 Wlscn thay ciumd .m exnet snlutmn for the opumal futures hedging problem undar pm:c‘ pr'*ductioﬂ. :
- and basis unceriainty with a C’ARA utility function aid a Joml norma} dnsmbutiﬁn for fmures price, cash
pncc, and yield. F ‘
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