


65

aches were capable of increasing mean returns relative to cash marketing,

ough no statistical test of significance was conducted. However, all of

r hedging-forecasting approaches resulted in larger standard errors (risk)

L e marketing. Leuthold and Peterson (1980) allowed the hedge to be

idated after either one or two margin calls. By incorporating this rule,

ral strategies were found which were capable of reducing risks and

asing returns relative to cash marketing.

This study differs from most of those mentioned above in several impor=-

ways. First, hedging is conducted with what Leuthold and Paterson (1980,

) call "a view to the market", That is, hedging only occurs when fore-

d cash hog prices are below the current localized futures quote for a

cular delivery period.

Second, we have adopted a view of risk similar to that of Peck. In an

mal hedging study for 288 producers, Peck argued that if producers make

Sions on the basis of price expectations, the important measure of risk

2s the remaining "unexplainabl1&" variation in the price series. In light

is, a root mean Squared error measure of risk is used.

Third, hedging is extended beyond the feedlot phase to include the entire

dingfto-farrow—to-finish process. Futures contracts are traded more than

r iato the future, offering hedging opportunities o g hog producer as

¥ as when the breeding decision is mads.

Finally, hedging is viewed as a dynamic process. Previous hedging

2S have been static in nature, not allowing producers to alter the estab-

#d futures positions during the production process.* As new information

Ome s availabla though, a producer may choose to liquidate a current hedge
rhaps evepn tgq re-establish a pew position. In this study, the producer

have three opportunities to al*

ter his current position during the farrow-

inish process.,
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This paper includes a theoretical framework which shows how a risk avarge
Producer could uge Price forecasts combined with hedging to reduce price vari-
ability apd enhance expectad prices. Several short-terp price forecaating
models are integrated with ga hedging strategy for g4 pork producer. The

results of thege forecasting models are evaluated on the

Producer Behavior Under Uncertainty

The utility theory of individuals under uncertainty Suggests that if ,
risk averse individual ig faced with tyo alternative actions, both with the
Same expected income, the individual would choose the-oue with the lower vari-
ability (risk) to maximize expected utility. Thig behavior ig consistent with

diminishing marginal utility of income. Risk averse agricultural Producers

contracting) that is lower than the mexpected cash price (Ikerd), The producer
1s assumed to have the expectaq utility function, U = U(P), where P 1s the
product prica, Furthermors, for 2 risk averge individual the utility function
will be ‘concave and the degree of concavity reflectg the degree of risk aver-
sion. For convenience, the Producer is assumed to have 4 discrete subjective
Probability distribution of expectead price. If the producer assigns equal
Probabilitias of 1/2 that either 4 or b will be observed as the final price
when no forward Pricing is considerad, the 2Xpected price and utility of thig
distribution are P apd u, respectively, which corresponds to the midpoint
of line segment ap (Figure 1).

If forward Pricing ig used, the fipa] Price wil] be known with greater,

but not complata, Certainty and the probability distribution of expected Price
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g 1(P)
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Figure 1. Expected Utility From Cash Sales, Forward Pricing, and a Selective
Hedging Strategy for a Risk Averse Producer.
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can now be represented by the endpoints a'b' in Figure |.

distribution (a'b') is associated with a slightly smaller distribution than ;4

the cash saleg distribution (ab).

The expected price from forward pricing is also P, howéver, the

SXpected wutility from forward pricing is U', which 1S greater thap the

#Xpected utility from cash sales (U). The greater the degree of risk aversigp

(i.e., the greater the concavity of U(P)), the greater will be the difference

between U (cash sales) and U' (forward Pricing). Also the greater the redyc-

tion in the variability of eXpected prices from forward pricing (range a'p") &

relative to cash marketing (range ab), the greater will be the differencegé

between U' and U. A producer would prefer any guarantsed price abovae P to i

cash marketing, since this result

Thus, quite Possibly a risk averse producer would accept a guaranteed price |

which is lower than the expected cash price.

Ikerd (p. 4) has offered the following observation regarding producer

hedging: L

The futures market may offer a wide range of potentia] forward
prices during the period from beginning to complati

2tion of a produc-
tion process. Thus, the producer may have an opportunity to forward
coutract at Jevels higher than the ultimate cash price. Whether or

not a producer will be able to selesct one of thess higher prices is
2@ speculative question. Conceptually, a pProducer could gain from
such a Strategy in the long run only if he had a comparative advan-
tage in bearing price risk rather than production risk.

Brandt noted that 1 "student of the market" who has regular access to market

informatiou,

The model can be 2xtended to show how a producer could potentially raduce

risk and increase 2Xpected utility by lncorporating forecast information with
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performed. The estimated autocorrelations were more than twice thejr Standarg

STTOrs at lags one and twelve. 1Ip addition, the partial autocorrelation fune

that lag alavep had an dutocorrelation more than twice irg Standard errqp,
Consequently, the final specification included an llth order regular moving
average parameter ip addition to the SWo parametsrsg mentioned above.

The final 2stimates of rhe ARIMA mode] (6501-8111) ig also listed ip
Table 1. 45} coefficients ara significant at the 95 percent level. The high‘j
R? Suggests the ARIMA model explained most of the variation in hog prices over
the fit period. The Ljung-Box Q-statistic ig below the eritical chi-squared
value, Supporting the hypothesis thar the residuals are white noise, Addi-
tional investigation of the residuaf-series might be useful, however.

In addition :o the previoys models, g2 simple monthly index of hog prices
was constructed apd used for forecasting'fTable 1). According to the index,
hog prices ar2 seasonally higher during the Summer months apg lower in the
spring (March ang April) and fa]] (November). To generate a forecast with the
index, the three moss tecent monthly cash prices ars averaged together and
then Seasonally adjustaq. This adjusted average is thenp multiplied by the
4Ppropriate indey valﬁe.

The fina] Eorecasting Procedure involvyesg the simple-average composite of
Several individua] forecast series. Two separate composite forecasts were
Constructed by averaging the linear =conometric forecasts with the ARIMA fore-

casts and Curvilinear 2conometric forecastg with the ARIMA forecasrs. 7
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Statistical Evaluation of Forecast Results

Monthly cash price forecasts ware generated over the 24-quarter period
ginning with December 1976 through September 1982. After release of the
HPR, out-of-sample forecasts were generated over a two-to-ten mouth horizon."
rable 2 shows the root mean squared errors (RMSE) of the forecasts from each
odel. (For a complete Presentation and evaluation of the forecasts used in
his study, see Holt.) The curvilinear =conometric model tended to forecast
ore accurately (lower RMSE) than any of the other individual forecasting
"pproaches (linear econometric, ARIMA, and seasonal index). The ARIMA mode |
ad the highest RMSE for seven of the nine forecast months while the seasonal
ndex performed only slightly better than the ARIMA model.

The two composite forecasts clearly performed the best as measured by the
RMSE criterion. Table 2 shows that among all approaches, the ARIMA-
curvilinear econometric composite resulted in the lowest RMSE for all nine
periods in the forecast horizon. Furthermore, the ARIMA-curvilinear econo-
. metric composite had lower RMSE th#h either of its individual components dur-
' - 1ng eight of *he forecast periods. The ARIMA-linear =econometric composite
generated lower RMSE than =ither the ARIMA or linear econometric forecasts for
all nine periods.

The results here are supportive of the earliasr studies by Bates and
Granger, and Brandt and Bessler (1981). Combining two forecast series =-- sach
based on a different set of information -- into a composite tends to result in
Predictions which are superior (lower RMSE) to either individual method. This

is true even when the composite method is no more sophisticated than simple

avaraging,
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Table 2. Root Mean Squarsd Errors of Forecast and Hedged Price Series

(7702-8301).
Forecast Horizonad
Forecast Approach 2 3 4 5 6 7 8 9 10
$/cwt
Linear Econometric
Forecast Prices 6.11 6.29 .27 . 841~ % 98  8.25 8.52 8.44 9.43
Hedged Prices ' 5. 73 5. 03 6.52 - .73 3 31 7.82 8.10 8.33 g9 34
Curvilinear Econometrie
Forecast Prices 6.03 5.9¢ 6.59 7.95 7 59 8.12 8.32 8.17 9.28
Hedged Pricag 5.89 5. 55 5.86 7.26 7 53 8.00 8.03 8.2D. 9 o4
ARIMA s
Forecast Prices 5.87 6.69 7.83 8.52 8 08 8.20 8.8] 8.94 9.997
Hedged Prices 4.25 4.98 6.33 6.47 6.62 7.14 7.64 g 25 .19%02
Seasonal Index
Forecast Prices 6.85 6.65 7:58 8,38 7 82 8,07 8.57 8.57 9:51
Hedged Prices 4.76 4,90 6.13  6.62 & 38 7.19 7.46 6.95 7 86
ARIMA-Linear Econometric Composite
Forecast Prices 561 8,15 E:20 813 -3 65 7.82 8.27| 8.25 9.26
Hedged Prices 4.88 4.94 5. 96 6.60 6.33 7 22 7.41 7.73 g 85
ARIMA-Curvilinear Econometric Composite
Forecast Prices 5.43 5.85=6.79 2.75 1.3 7.62 8.0l 7.97 9.04
Hedged Priceg 4.81 4,83 5.65 6.79 6.56 7.29 7.52| 7.65 8.79

2 The forecast horizon T2presents the pumber

of the Hogs and Pigs repors,

of months following the release
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The Dynamic Hedging Model

The hedging model is based on a hypothetical farrow-to-finish operation

~where 550 market hogs are sold every month (6600 per year).® At a market
-weight of 220 pounds, approximately 1200 cwt. of hogs will be sold monthly
which is equivalent to four live-hog contracts on the CME. With a sow gesta-
tion period of ll4 days and a feeding period of six to seven months for a hog
to reach market weight, this means there is about ten months between the time
sows are bred and fat hogs are marketed.

The hedging strategy used in this study is similar to the one used by
Brandt and Brandt and Besslsr (1983). The producer sells futures contracts
when the cash price forecast for some forward mouth, t+i, is below the current
ad justed futures quote for month t+i. Logically, the producer would expect
the subsequent actual cash price for month t+i, as predicted by some forecast-
ing approach, to be less than what he could obtain by hedging. If the price
forecast is higher than the current futures quote, the producer remains
unhedged in anticipation of receiving the higher cash price.

An important feature of this analysis was the dynamic process by which a
producer could adjust market positions. The producer was allowed to engage in
a hedging activity at three different times during the ten-month production
process. The first opportunity occurs when the sows are bred; the secound
at farrowing time: and the final chance occurs during the growing phase. In
all cases, the hedges can be held until the hogs are marketed, as in pravious
hedging studies. However, the producer who hedges in period one (breeding)
may decide to liquidate the contracts in period two (farrowing) or period
three (growing). Similarly, the producer who hedges in period two may liqui-
date the position in period three rather than waiting until marketing (period

four).
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With this arrangement; it ig possible for g2 Producer tg complete ty,
Tound-turn transactions during the production brocess. This ig accomplishegq
by placing a hedge at breeding, lifting it at farrowing, Placing a new hedge
during the growing stage, apd liquidating it wheqn the market hogs are splq4.
In the above manner, marketing decisions for each group of hogs can be made or
altered at various stages of the Production process.

In order to make the futures prices directly comparable with the cash
price forecasts, the futures prices must be localized to the seven-market
avarage price by generating ap BXpected basis at the time of marketing. Sey-
e2ral methods for Pradicting the ba;is exist including Structural and tige
series analysis (Leuthold (1979); Leuthold and Peterson (1983); Garcia ang
Good). Since basis Patterns are fairly repetitive apg have strong seasonal

tendencias, the eXpected basis used ip this study was calculated by using a

three yagrs, "

Following the release of the HpR, there may be several days of arratic
movement in futurag Prices. For this reason, all futuyras Prices used to com-
Pare with the price forecasts ara the average closing prices for the firse
five trading days following the report. A]] hedging activity will be based on
this five-day average price. Contracts which are carried to maturity (period
four) are liquidated at the average closing price for the first five trading
days of that month. This wag done to avoid unusual price fluctuations which
May occur during the latter part of the delivery Period. Actua] delivery on
the futures contracts was not considered as ap alternativa,

All trades were eXecuted at a roundturp commission cost of $60 per con-
fract. Interest was charged on an initial $600 Margin requirement (per con-

tract) at ap annual rate of ]2 Percent. Margin cajlg Were not considerad,
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One might assume that, on average, occasional margin deficits may be offset by

occasional margin surpluses.

Hedging Results

Table 3 shows the results of the dynamic hedging strategy combined with
the six forecasting approaches over the period February 1977 to January 1983.
For comparison, a routine hedging strategy which automatically hedged each
group of hogs was included. Of the six selective hedging approaches, the
linear econometric model had the largest net trading loss, as well as the
fewest number of trades. The curvilinear =conometric model also resulted in a
net trading loss.- The seasonal index generated the largest net trading profit
and the largest number of trades. The ARIMA model generated the second high-
est number of trades and the third largest net trading profit. Both compos-
ites resulted in net trading profits; however, the ARIMA-linear aconometric
composite made substantially more money than the other composite. It is grat-
ifying in the sense of confirming " results found by others that the simple
sell-and-hold strategy (routine hedging) resulted in the largest net trading
loss among all alternatives.

A statistical test, similar to the test suggested by Peterson and
Leuthold, was conducted to compare trading returns relative to strictly cash
marketing. The null hypotheéis 1s that mean net returns from a hedging stra-
tegy (2.g., mean of net hedging returns plus cash returns) are equal to the
mean cash returns. The results of this test show that only the linear econo-
metric selective hedging strategy and the routine hedging strategy had mean
net returns which were significantly different from (both Selow) mean cash

returns.
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Tabla 3, Number of Transactions, Costs, Returns anpg Risk Reduction from
Futures Trading with the Six Forecasting Alternatives (7702—8301).

Total
Intersst Net Percent Rigk
Forecasgt Number of Total on Trading Reductione
Approach Contracesa Commissiongb Margin¢ Results (Range)
l. Linear
Econometric 104 $6240 $2064 -$31,032*(6)d 1.0 to 9.6
2 Curvilinear
Econometrie 116 6960 2304 -15 744 (5) =.003 to 11.]
3. ARIMA 180 10,800 5496 11,328 (3) 7.7 to 27.6
4. Seasona] Index 260 15,600 6696 28,800 (1) 11.8 to 30.4
5. ARIMA-Linear
Econometric
Composite 128 7680 3936 16,920 (2) 4.4 to 19,7
6. ARIMA-
Curvilinear
: Econometric
1 Composite 156 9360 3720 300 (4) 4.0 ¢ 17.4

7. Routine Hedge 288 17,280~ 13,176 =257,736%(7) -—— .

€ Based on 12 percent annual interest rare and 3600 initiaj margin

d Numbers ip Parentheges r2prasent ranking; =* representg significant
difference from mean returns for cash marketing at the 90 percent
confidence level,

Represents reduction ip unexplainable price variation (RMSE) frop
hedging gver the forecast horizon.

1]
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In addition to evaluating mean returns, risk reduction is also an impor-

tant consideration in any hedging program. If producers react according to
price expectations, then risk should be associated with the predictive accur-
acy of the expectations (RMSE) and not the variation in prices. Lf hedging
occurs, the oaly remaining uncertainty about the price received is associatad
with the basis forecast error. Thus when a hedge is placed (or maintained),
the price forecast error is replaced with the basis forecast error for compu-
tation of a new RMSE series, .

In the above manner, forecasting and hedging RMSEs were calculated for
2ach hedging~forecasting approach (Table 2). With only one exception, hedging

"' Greater risk reduction

reduced the amount of unexplainable price variation.
also tended to be associated with the more profitable trading combinations
(2.g., the ARIMA and seasonal index models) since these models generated the
most hedging activity.

Table 4 lists the dynamic results for the various hedging approaches.
The seasonal index made the most usé of the dynamic capabilities of the selac-
tive hedging model by placing and lifting more contracts during period two
(farrowing) and period thrae (growing) than any other approach. The more
profitable hedging-forecasting combinations tended to establish the majority
of positions early (breeding) and hold them until marketing. This was true
for the ARIMA, seasonal index, and ARIMA-linear econometric composite fore-
casting techniques. At the same time, thers was a tendency for the lass prof-
itable methods (the linear and curvilinear econometric models) to establish
the largest share of their positions late in the production period. Many of
the positions which were taken early by the less profitable trading-
forecasting combinations were offset within one period. The implication is

that the less profitable approaches tended to '"whipsaw" in and out of the



82

market on a frequent basis. While the dynamic aspects of the model are impor-
tant, the success of a hedging program apparently depends even more on the

ability of the forecasting model =0 identify and take advantage of market

trends at anp 2arly stage.

Summary and Conclusions

The primary objective of this study was to determine if price predictions
generated by monthly forecasting models could be combined effectively with a
dynamic hedging strategy to reduce risk and increase price for a farrow-to-
finish producer. Six alternative forecasting procedurss were developed. Of
these, four were capable of producing positive net trading .profits when com-
bined with hedging. However, only the linear econometric forecasting—hedging
alternative had total returns which were significantly different from cash
returns. The trading results Suggest no strong case for or against composite
forecasting. This is somewhat'contradictory to the statistical results of the
forecast evaluation. However, boTh composites outperformed their weakest
components (in this case, the econometric models) in terms of both trading
profit and risk reduction. This suggests that without additional information,
composite forecasting would still be preferred to relying arbitrarily on any
individual method.

A unique feature of this study was the dynamic aspect of othe hedging
mode] . A producer had the Opportunity to adjust a futures position three
times during the breeding-to-slaughter process. While the dynamic feature of
the model is intuitively appealing, the trading results indicate that the
profitable hedgiug-forecasting combinations tended to take posit{ons early and
hold them unti] marketing. It should not be concluded though that the dynamic

feature of the hedging model is without merit. Al]l of the hedging-forecasting
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combinations used the dynamic capability to some degrae,
the less desirapla selective hedging dpproaches were

the routipe hedging str;tegy. Also
model and tipe period spegific. Different Ffore

20t sample period could influeuce the rasultsg,

Footnotes
am e 0L es.

futures market 2qua]

Forward cash Contracting ;4

another forward Pricing option which has been available for some tima.

As mentioned 2arlier, ap exception to thjs 18 the study by Leuthold and

Peterson (1980),. However, once 2 Position wag liquidated, N0 attempt yag

made to allow the Producer to hedge again if market conditions changed.

Actually thijg strategy involves two separate forecasty: a cash price fore-

€ast and a basigs forecast, A futures price can only be compared directly to

a cash price forecast if ¢ is  localized by adjusting for the eXpectad

basis.
The econometric models are similar in structure and variable choice to the

cobweb model used by Leuthold ang Hartmann: the main differepce being the

form.
Forecasts were not made for the first mouth followxng the release of
because of delivery constraints imposed by the hedglng moda

information about the seria) relationship in the eTror term. For g, discug-

sion and exampla of thig Procedure, see Pindyck ang Rubinfeiq (pp. 215-221) .
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an composites are formed on the basis of simple averages, identical

ights are given to each forecast. In this case, each forecast is welghted

L2

r example after the December HPR, monthly forecasts were generated for

bruary through October of the following year.
ere was no simulation of the actual costs, returns, and profitability of

he hypothetical production unit. While this could be desirable informa-

ion, 1t was felt the more general approach used here would result in a

hedging-risk management framework with potential application for many types

6f hog producers.

e expected basis (BAS.4;) was calculated in the following manner:

BAS¢ 4y = (BAst"'i-lZ + BASt+j__2|+ # BASC+'1-36)/3

puring the ninth period in the horizon, the curvilinear econometric model

signaled hedging three times. On two of these occasions the basis foreacast

‘errors were greater than the price forecast errors they replaced, resulting

in a hedging RMSE larger than the ~forecast RMSE.
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