%‘““‘“\N Ag Econ sxes
/‘ RESEARCH IN AGRICUITURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their
employer(s) is intended or implied.


https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/

NCCC-134

APPLIED COMMODITY PRICE ANALYSIS, FORECASTING AND MARKET RISK MANAGEMENT

Design and Pricing of Short Term

Hog Marketing Contracts

by
James Unterschultz, Frank Novak,

Donald Bresee, and Stephen Koontz

o

~

Suggested citation format:

Unterschultz, J., F. Novak, D. Bresee, and S. Koontz. 1997. “Design and
Pricing of Short Term Hog Marketing Contracts.” Proceedings of the NCR-
134 Conference on Applied Commodity Price Analysis, Forecasting, and
Market Risk Management. Chicago, IL.
[http://www.farmdoc.uiuc.edu/ncccl34].

\_ /




the price window. An empirica) simulation foypg that the price .';
herestoodontas supenormaunsk Meag u~_i
Tevenues, reduced the frequency of large Ioggeg and

Al

Producer removes Price risk below the
the window ceiling, Conversely the provider of the contract,
Organization, foregoes the Possibility i
Temoving purchase Prices above the window ceiling. A sharip
losses Proportionate]y between the Producer and Provider of the
of the window is often includeq
Rwearch 0n window contracts for Managing agricultural price risk is almost non-existen
To addresg this research void, four issyeg are addressed here, These are
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Conceptually explaining window contracts.
Valuing window contracts.
Rationally picking floor prices and ceiling prices, or more specifically examining

% .

how wide should the window be and determining where to position the price
window relative to current prices.

D. Empirically evaluating the risk management effectiveness of short term window
contracts.

 The research objectives are achieved by briefly examining previous pork industry risk
¥ research and then presenting conceptual issues in window contracts. From the producer’s

= viewpoint, a window contract represents a specialized European option portfolio that is long puts

§§ and short calls. Armed with the conceptual tools, a method for valuing window contracts is then

& presented. Since, the empirical section evaluates the risk from a Canadian perspective, Canada-

& United States currency adjustments are included in the valuation model. Domestic United States

.1 Change in p¢ users of short term window contracts would use similar, albeit simpler valuation models. Two
n¢ methods for picking the size and location of the window, futures prices confidence interval
orecasts and hog industry break-even projections are then presented. An historical simulation of

Industry. T a Western Canadian hog operation incorporates the valuation model discussion to measure the
Creasing mgay ' risk management effectiveness of short term window contracts. An overall assessment of
S than forwss window contracts concludes the paper.

€ United Sty

®nt futures g -

;‘Z.:-Background on Empirical Hog Risk Research

4 . Previous research has assessed the effectiveness of many different marketing instruments
. and techniques in reducing hog marketing risk. Using hedging simulation techniques for the
~ period of January, 1976 through April, 1984, Brandt (1985) found that a selective hedging
C€ gains ghqy  Strategy reduced price risk and increased prices received by producers compared to cash
' OF markegj;’ Marketing, though improvements over the. mean and standard error of cash marketing were small,
exchange f; Routine hedging increased risk and lowered mean retums compared to cash marketing. Holt et
splits gains,  al- (1985) simulated a farrow to finish hog operation from February, 1977 through January, 1983
es are oytsig. L0 explore selective hedges. A dynamic selective hedging program significantly reduced price
| risk and enhanced the price received by the producer compared to routine hedging. More recent
| research by Gore and Leuthold (1993) from 1981 to 1991 reinforced that some selective hedging
| . strategies increased mean returns and decreased variance of returns compared to cash marketing.
| Again the improvements in mean and variance were relatively small. Put options were also
| Ctxamined and this strategy lowered mean returns and variances compared to futures hedging and
cash marketing.

berta, Former
ate
id the Kenyon and Clay (1987), for the period 1975 to 1980, researched the usefulness of cross

hedging the major hog feed inputs, com and soybeans and hedging with live hog futures
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as market prices increase. This cash position figure will be combined with window payo
diagrams explained next, ;

#

A window contract from the producer Perspective is g combination of long put
short call. The long put strike Price provides the floor price. The short call strike price provides
a ceiling window price: Figure 2 shows the terminal Payoffs on a long Put and a short cal] when’
P ; : : : . ;
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provider agrees not to share gains or losses outside of the window. A 50/50 sharing agreement
means the quantity of hogs to be sold doubles the quantity of hogs in the put option purchased
and the call option sold.

Figure 4, the producer’s combined terminal cash and window payoff, is constructed by
vertically combining Figures 1 and 3 when the break-even price is between the put and call strike

prices. There is no price protection between the put strike and the call strike, the price window,

window range. Figure 4 demonstrates the theoretical risk management properties of window
contracts when combined with a cash position in hogs.

Basis risk is not included in these payoff figures. The contract provider is assumed to
accept basis risk in the window contract to ensure the supply of hogs. A brief discussion on basis
risk is included in the sections below. A valuation model for window contracts is presented next.

4. Window Contract Pricing Model

Window contracts, as demonstrated above, are composed of European puts and calls.
This strongly suggests that window contracts can be valued using standard futures options
pricing models. Option models on futures are the standard approach to valuing commodity
options. Currency considerations are included in the model used here since the empirical
example presented below evaluates windows for Canadian hog producers. The relevant hog
futures market for Canadian hog producers or processors is the Chicago Mercantile Exchange
live hog contract which is located in the United States. The relevant public currency market for
Canada-United States exchange rates is the IMM also located in the United States. Physical
location of the relevant futures markets is a key consideration for any contract provider offering
window contracts, if the contract provider is planning to hedge their window contract price risk.
Hence the need to price the window contract using cross currency option models when the
markets are located in a foreign country.

A window contract is identical to the producer purchasing a put option from the contract
provider and the contract provider purchasing a call option of equal value from the producer.
These are European options since early exercise is not available. Therefore a closed form
analytic solution is feasible. A modified version of Wei’s (1994) European Cross-currency option
pricing model is used to price window contracts. Wei’s model adjusts the Black (1976) model to
account for the cross-currency options implicit in a Canadian window based on U.S futures




*

Prices. The Wej model], slightly modified to account for the IMM valuation of Canadiap dollg
in U.S, currency, takes the form: : i

Call, = e"’""‘*’[ﬁz‘- N@n- -E'—N(d2)] (Equation 1)
! X; Xm
and
Put, = e"u!;-«)[—gl_ N(-d2)- EN(—dI)] (Equation 2)
x:.o X t
where;
HF,
X,
(K[ Ouara @ =112
K’ )
d1 \(X“ (Equation 3)
= on
OLurx T, - L ' '
 d2=4] ~OuwrxT 1
and where: '
1 Call, = call option for perioq ;
Put,= put Option price for period i
(i
fi! N(d(x)) = Rormal cumujatiye distribution function
| HF;:currenthogfnturesmmtctpnccondaythS dollars
K‘ = in U.S,
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X o= delivery exchange rate in U.S. dollars to buy 1 Canadian dollar (pre-specified

and fixed over term of option)

T; — 1, = time to expiration of option (T=date of expiration, t=date of calculation)

O,ur.x =[Oy +07x —2p0, #r0;x = standard deviation of returns on Canadianized

futures price
O,.sr =CME hog futures variance of returns
0. =Currency exchange rate variance of returns

P: = correlation coefficient between returns on futures market and spot exchange rate for
period i.
The difference between these formulas and the standard Black (1976) model is the

inclusion of currency conversions and the volatility measure that incorporates the variance of
retumns on the foreign future commodity price, the variance on the currency and the correlation

remainder of the option period. The correlation coefficient is subtracted (versus added in Wei’s
(1994) formula) when the domestic currency is- priced in the foreign currency (i.e. IMM
viewpoint).

The window valuation model uses the option formulas presented above in the following
manner. Assume the floor price, which is a put option strike price, is known. Put option
premiums can be calculated using the put model. This requires the standard inputs on volatility,
domestic interest rates, current commodity futures prices, exchange rates and time to maturity of
the option (Hull 1993). Equating the put option premium to the call option premium, the
condition for the window to have zero value when initiated, allows one to numerically calculate
the ceiling price, which is the call strike price. Thus the window has zero value and a price

Canadian hog producers or processors. A critical issue remaining to be addressed is the
determination of the price window.

S. Establishing the Price Window

A major issue with window contracts is where to establish the window floor and ceiling
prices. Either the floor price or the ceiling price must be prespecified if the window contract is to
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Assuming that futures prices are lognormally distributed with zero drift and by Hull
(1993, 207-240), the lower bound of a (100-a) confidence interval to establish a window flc or
price for time t+j where j= T-t is calculated as follows:

oy of
[%—L;"—]r—amzm-«n

HF
104 ] p

Floorp, = (Equation 4)

tr+j
where: Floorp, = non-localized window floor price in Canadian dollars
O.x » O, _,,,' and 0, ,, , as defined previously

T, — ;= time to expiration of contract in years

o —;5 critical value from standard normal distributiop
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producer or the contract provider calculate the expected break even price for the hogs to be
ed using a window contract. An arbitrary adjustment to the break even, for example
ing $5/cwt from the break even, determines the put strike price. Determination of the call

cally the calculated window is inverted. That is the call strike price is lower than the put
‘ ice. This situation arises when the current futures price is below the adjusted break even
rice. When this occurs the put option is in the money. Window valuation ensures that the call

on is also in the money. Thus, an inverted window occurs and subsequent empirical work
" s this occurs often. This result is not surprising considering the conclusions of Koontz et

2) that distant futures contracts traded at approximately average cost of feeding levels, in
ds at approximately break even levels.

limum price contract (put) for the window. A drawback to this alternative may be the very
emiums required to purchase the minimum price contract.

nted.  Valuation models have been discussed and along with determination of the price
gw Empirical investigation of the risk management properties of short term window -
COl are presented in the next section. .

-The Canadian empirical investigation simulated several different types of window
tracts developed using one of two criteria. The first group of window contracts involved
blishing a window based on a confidence interval around the forecast price at sale time, using
lower bounds of the interval to establish the window floor. The second group of window
ere established using the projected break-even price at sale time minus a target profit
establish the window floor price at farrowing. The window contracts were combined
N historical simulation of a farrow to finish hog barn in Western Canada. The time from
OWing to market was 175 days and the simulation covered the time period from 1981 to the
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end of 1995, Cagsh marketing, routine hedging of hog prices and routine forward Contracting
hog prices on each Pen were compared to window contracts, Complete details of the historjcy

available from the authors,

3) Number of pens losing more thap $20/head,
4) Number of pens losing more thap $40/head,
5) Percentage of losing pens in the simulation,

Table 2 presents the risk measures for window contracts established using confid :
intervals and g break even Strategy combined with minimum price contracts when the p
window is inverted. The minimum price contract was set at the break-even price. (
marketing, routine hedging and routine forward contracting are ajso Presented in Table
benchmark measyres Cash marketing had the highest return ($19.72/head) and highest stan
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), Routine hedging, hedging hog prices on each pen, decreased mean
andard deviation of returns but it also increased the number of pens losing over

v contracts developed using confidence intervals provided mixed results
type of window simulated. All window contracting strategies resulted in a
| standard deviation of returns compared to cash marketing. Contracts using a
. interval to set the floor price were often too wide, and as a result did not provide
ide protection. Contracts using a 25% confidence interval were often too narrow
ide price potential. Contracts using a 50% confidence interval to establish the
ded the most acceptable balance between downside protection and ability to gain
rket moves when using the confidence interval approach to set the floor price.

confidence interval routine window strategy reduced the frequency of losses
per head, eliminated losses over 40 dollars per head, and effectively decreased the
ation of returns. A mean return of over 15 dollars per head was realized with this
‘while lower than the average return from cash marketing, was still profitable.
e 50% window strategy did limit upside potential, the windows were wide enough to
producer with some degree of price flexibility while yielding effective downside
0. As a result, the routine 50% no share window contracting strategy is a viable
cash marketing. One weakness of this strategy, however, is that the window floor
necessarily cover the projected break-even price.

g gains and losses 50/50 outside of the window (results not shown), compared to
haring gains and losses, had the effect of slightly increasing mean returns while sacrificing
; /ms} !de protection. This was because a sharing agreement allows for producers to

 advantage of prices higher than the window ceiling price in return for only partial
n prices lower than the window floor.

utine break even/minimum price contract (BE/MPC) strategies (Table 2) that
a floor price equal to the projected break-even price worked well in reducing risk. It
the number of the large pen losses from 54 with cash marketing to 14 with BE/MPC.
Ximum loss was also decreased with this strategy. Reducing the floor price below the

break-even price by $0.03/kg, $0.05/kg or $0.10/kg (results not shown) reduced the
ess of these windows. The number of large losses experienced by the producer
because price protection occurred at a level that was too low. The BE/MPC strategies
luced mean returns compared to cash marketing.

* BEIMPC strategies performed reasonably well from 1981 to 1995. Standard
! returns were reduced and the lower end of the revenue distribution was truncated
strategy. The effectiveness of the BE/MPC strategies was due to their ability to provide
Cer with a minimum price guarantee that covered the projected total cost at sale time.

E'ds Wwhen the projected break-even price was high and the Canadianized futures price
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allow more pricing

OW contracts are another risk management tool that : sough promise £0

110t 2 universally superior alternative. Windows offef
On into their design and implementation.
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10. Figures

Figure 1. Payoff from Cash Marketing
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Figure 3. Combined Payoff from Put and Call Options
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Figure 4. Payoff to Producer Taking a Window Contract (Zero Basis Risk)
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Figure 5.

Payoff When Put and Call Options are In-the-Money (Inverted Window)
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Figure 6. Payoff to Producer Taking Inverted Window Contract
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Figure 7. Price Window Established Using 50 % Confidence Interval (1990-1995)
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Figure 8. Price Window Widths (1990-1995)
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