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Pre-Harvest Pricing Strategies in Ohio
Corn Markets: Their Effect on Returns

and Cash Flow

Carl R. Zulauf, Donald W, Larson, Christopher K. Alexander,

and Scott H. Irwin

ABSTRACT

This paper contributes to the debate on whether pre-harvest pricing strategies can improve
returng over cosh sales at harvest, I also examines cash flow needs of such strulestes. The
analysis 15 conducted for Ohio corn prodoced from 1986 theough 1999, The pre-harvest
strategics evaluated (short futures, long pot, synthetie long put, put-call fence) did not
statistically improve returns over cash sales at horvest. However, i implemented during
o before planting, these nuive strategies redoced the stondard deviation of annweal gross
income. Substantial cash flow may be aneurred, either to establish the strategy or mect
margin calls. Therefore, assessments of pre-harvest pricing steategies should include cash

flow needs, along with retern and risk,
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Grain farmers are continnally searching for
wavs to improve retuns and manage the risks
associated with grain production. Govermnent
farm programs traditionally have been impor-
tant instruments in managing risk. However,
the free market orientation of the 1996 farm
bill strongly suggests that producers will have

Carl B, Zuloal and Denald W, Larson are, tespeetively,
Francis B, MoeCormick Professor of Agricoloral Wa-
keting and Policy and professor, Department of Agri-
cultural, Bavironmentul, and Development BEconomics,
the Cshio State University, Columbus, Ohia; Christo-
pher K. Alexunder is loan officer, Ag Credit (ACA)
and Scott H, Irwin is professon, Department of Agri-
enttoral and Consumer Beonomics, University of 1li-
nois, Champaign- Urbana, Hineis,

The authors wish o thank lim Flinn and Johe
Chase, foermer graduate and undeegraduate students, re-
spectively, for updating the research results for this pa-
per. The authors alsa wish @ thank the journal amiele
reviewers and aditors for their helpful comments and
sl mestions,

to rely maore in the Molure on peivate markets
to manage risk,

Evaluations of pricing strategies have re-
licd on mean-varisnce analysis (o identify an
optimal hedging strateoy  (see, for ecxample
Greenball er @f., 1984; Grant, 1957 and 1989,
and Lei et al, 19493), While mean-variance
analysiz of histovical data bas improved our
understanding of pricing returns and risk, it
dnes not recognize the potential impact of an-
other source of risk: cash flow constraints.
Limited borrowing capacily, need to bormow
to satisfy margin calls when prices move
against a position, andfor increased costs of
horrowing as credit limits are approached may
influence the selection and even prevent the
use of pricing strategies.

The objectives of this paper are o deter-
mine how the returns from pre-harvest pricing
stralegies compare to a cash sale at harvest
strategy, and o evaluate daily cash flow re-
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quirements necessary to maintain pre-harvest
pricing strategies for Ohio corn produced dur-
ing the 1986 through 1999 crop years. One
reason for selecting corn is that weather-relat-
ed problems, in particular drought, can cause
major changes in price. Thus, cash flow need
is an important consideration when pre-har-
vest pricing corn. Second, corn is the largest
U.S. crop in terms of acreage and gross value
and is a farm program crop affected by farm
policy. Third, pre-harvest pricing strategies
based on a perceived premium built into fu-
tures and options prices during the planting
and carly growing season have gained increas-
ing acceptance among corn farmers and their
marketing advisors. The premium is usually
attributed to production uncertainty resulting
from unpredictable risks, such as the threat of
drought (Wisner, Blue, and Baldwin, 1998).
The fact that droughts do not usually happen
leads to a strategy of selling part of the crop
before harvest. Existence of a pre-harvest pre-
mium is a source of considerable debate (see
the debate between Wisner et al., 1998, and
Zulauf and Irwin, 1998).

The pre-harvest pricing strategies evaluat-
ed in this study are short futures, long put,
synthetic long put, and put-call fence. The pro-
cedures and data used to evaluate the perfor-
mance of these strategies within the context of
the efficient market hypothesis are discussed
below, followed by a discussion of the results
and their implications.

The Efficient Market Hypothesis

A market is described as efficient if it incor-
porates all known information in determining
price. This definition is usually attributed to
Fama (1970, updated 1991), and has come to
be known as the efficient market hypothesis.
Fama’s model assumes no transaction costs
and costless information, both of which are
costs for traders in real-world markets. Gross-
man and Stiglitz (1980) incorporate the cost
of information into a model of price determi-
nation and show that it is impossible for prices
to reflect all available information perfectly.
The implication is that those who have supe-
rior access to information and/or superior an-
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alytical ability in using information can earn
trading profits.

Since Fama’s original article, numerous
empirical studies have examined the efficient
market hypothesis in the context of agricul-
tural futures markets. Zulauf and Irwin (1998)
review the literature on the profitability of
trading strategies and conclude that returns to
trading strategies generally do not exceed the
costs of trading. This conclusion is consistent
with Grossman and Stiglitz’s model, and leads
Zulauf and Irwin to conclude that individual
traders in agricultural markets can beat the
market only if they have superior access to
information and/or possess superior analytical
ability. They suggest that few crop farmers are
likely to possess these characteristics (Zulauf
and Irwin, p. 327).

Pricing Strategies

The following frequently used grain pricing
strategies were evaluated:

(1) Cash sale of the crop at harvest (no pre-
harvest selling).

Pre-harvest selling of harvest futures, i.e.
December futures, to establish a price lev-
el.

Pre-harvest purchase of December put op-
tions to set a minimum price while retain-
ing upward price flexibility. The strike
price nearest to the underlying futures
price is used. It will be referred to as the
at-the-money strike price.

A pre-harvest synthetic long put estab-
lished by selling harvest futures and buy-
ing harvest call options at one strike price
out-of the-money.

A pre-harvest fence established by pur-
chasing at-the-money harvest put options
and selling one strike price out-of-the-
money harvest call options. Selling calls
generates cash for purchasing the puts.

(2)

3

€

(5)

Because of yield risk, the optimal share of
expected production to hedge (i.e., optimal
hedge ratio) is less than one. The most com-
monly investigated pre-harvest crop produc-
tion hedge when prices and yields are uncer-
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tuin wses short futures as the hedging
instrument. For corn, estimates of pre-harvest
aptimal short futures hedge ratios are 0015 for
western New York aod Central Hlinos over
1021982 (Greenhall clal, 1984), 0.67 for
ceanties principally in lowa and Mebraska
over 1964—-1983 (Grant, 1987 and 1989, und
(.31 o 0.79 for Towa over 1990-1992 (Lei er
al., 1995}, The average of these studies, all
invalving non-0hio locations, is 0.44 or .54
depending on whether the low or high valoe
from Lei er el is psed. For the Ohio counties
of Clinton and Henrv, Martines-Filho (1996}
eatimated an optimal short corn futures hedge
ratio of (643 and 0.56, respectively, over the
19911994 period.

Based on these stwdies, an optimal hedge
ratio for short fotures of (.50 was used in this
study, The optimal hedge ratio will likely vary
hy hedging instrument. However, to improve
the ability to compare return and cash flow
characteristics, the (050 hedge ratio was used
foe all four pre-harvest pricing strategices. In
contrast to a LO0 hedge ratio, a 0.30 hedge
ratio reduces substantiatly the probabilivy that
more corn will be contracted before harvest
than is ultumately harvested, For this reason,
the analysis does not include strutepies that in-
corporate crop insuvance. Furthermore, tor the
county-level observational units used in this
study, the largest shortfall in actual yield rel-
alive to expected yield was 22 percent during
the 1988 dronght, No indemnity would have
heen collected using the crop yield insurance
programs consistently available throughout the
analylical period. Hence, including the pre-
mium to buy yield insurance would reduce the
refurns to pre-harvest pricing strategies,

Expected production equaled expected
yvield times 300 acres. where expected vield
was the average of the county’s yield for the
five previous years, To determine the number
of Tutures and oplions contracts, cxpected pro-
duction was divided by 5000 bushels, muli-
plied by the 050 hedge ratio, then rounded to
the nearest whole nuinbher. Six contraciy were
used for the 1986 and 198581924 crop years.
Seven contracis were used for the 1387 and
[995-1990 crop years,

Thi pre-harvest pricing strategies wore im-

[03

plemented naively by following the same trad-
ing rules every year To evaloate the potential
importance of time of initiation of a strategy,
the pre-harvest sirategies were initiated on
four dates: the second Thorsday of December
during the year before haryest and the second
Thursdays of Pebruary, May, and July during
the vear of harvest, December of the year he-
fore harvest represents o lime immediately fol-
lowing the previous harvest, when a few furm-
ers may be developing pricing plans for the
next crop yvear, The second Thursday in Feb-
ruary eccurs when farmers are making plant-
ing decisioms. Mid-May and mid-Joly repre-
sent the planting and crucial growing seasons,
respectively.

Cush sales were made and pre-harvest
strategics were closed our at harvest. Harvest
was sel at the Thursday of the week during
which 50 percent of the Obio comn crop was
reported harvested. This week varied between
the third week in October and the second week
in Movember,

Maive strategies are important o undere
stunding markel performance beesuse the ef-
ficient market theory provides a strong null
hypothesis thar naive strategies should not be
prafitable. Traders vsually employ more com-
plex strategies that invalve different combi-
gations of pricing instruments and placement
dates, but complex strategies require analysis
as well as tme o implement and menitar
them, These costs should he incloded in eval-
uating returns. In contrast, nafve strategics re-
guira no analysis and limited monitoring costs,

Calculating Returns and Cash Flow

Because of space constraints, enly key param
eters used in calcolating the gyoss relurns net
of futures and options ansacion costs and
interest costs, a5 well as the eash flow char-
acteristics of cuch strategy, are discossed be-
low, The specific lormulas vsed tw make the
caleulations are available vpon request from
the authors,

Returns and cash flow were calcolated for
a hypothetical 500-acre farm that is represen-
tative of farms o lour major grain-producing
countics located in three western Ohio crop-
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reporting districts (Districts 1,4, and 7) and
one central Ohio crop-reporting district (Dis-
trict 5). The counties are Henry, Pickaway,
Champaign, and Clinton. They are generally
representative of production in their crop re-
porting district. Each county also had local
cash price data available for the 1986-1999
study period. This study began with the 1986
crop year because premiums of option con-
tracts traded on the Chicago Board of Trade
were not available consistently until the 1986
crop year for all pricing strategies and dates
analyzed in this study.

Calculation of the daily cash flow require-
ments included futures and option transaction
costs, margin levels, and interest costs. The
latter i1s a measure of opportunity cost fore-
gone when using borrowed funds to finance a
pricing strategy. Transaction costs included
brokerage fees and liquidity costs. Based on a
survey of commodity futures and option bro-
kers, brokerage fees for a 5000-bushel corn
contract were established at $60 per round-trip
futures trade and $30 per single-option trade.
Liquidity costs are payments earned by floor
traders (scalpers) for filling an order to sell at
the market. Brorsen (1989) and Thompson and
Waller (1987) estimated them to be one price
tick (1/4 and 1/8 cent per bushel for corn fu-
tures and options, respectively) for nearby
contracts and two price ticks for the more
lightly traded contracts that are more than five
months from delivery. Summing the two com-
ponents, transaction costs were assumed to be
$97.50 per futures contract, $78.75 per put
contract, $176.25 for a synthetic long put con-
tract, and $157.50 for a fence contract.

The Chicago Board of Trade Clearing Cor-
poration requires margin deposits on long and
short positions in futures markets and short
positions in option markets to ensure the fi-
nancial integrity of both the market and indi-
vidual participants (Board of Trade of the City
of Chicago, 1989, and Edwards and Ma,
1992). Although individual brokers may re-
quire additional margin money, the initial cash
flow for a pricing strategy was calculated us-
ing the initial per-contract margin amount es-
tablished by the Clearing Corporation. When
the Clearing Corporation changed the initial
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margin requirement, the cash flow account for
the pricing strategies was adjusted likewise.
Because the Clearing Corporation’s initial and
maintenance margins were the same for hedg-
ers over the period of this analysis and a farm-
er in the situation being investigated would be
considered a hedger, daily cash flow updates
for the short futures positions were calculated
using the amount marked-to-the-market. For
short option positions the daily cash flow up-
dates were based on whether and by how
much the option premium at the close of trad-
ing for the day exceeded the premium received
on the date the option was sold.

Farmers are assumed to borrow 100 per-
cent of all costs associated with establishing
and maintaining a pre-harvest strategy. Based
on telephone interviews with agricultural lend-
ers at major banks and agricultural credit in-
stitutions in the four counties, interest costs
were calculated using the prime rate plus 0.5
percent.

Borrowing costs are assumed to be linear,
so that the interest rate does not change as the
amount borrowed increases. This assumption
is reasonable during years with normal or
above-normal growing conditions because the
50-percent hedge ratio substantially reduces
the likelihood that the wealth position of the
farmer will be negatively impacted by a short-
fall in realized production relative to the
amount of production hedged. However, when
yield-reducing weather events occur national-
ly, the assumption of linear borrowing costs
may not be appropriate. Even with a 0.50 op-
timal hedge ratio, price increases may be large
enough to result in cash flow needs that sub-
stantially exceed borrowing parameters. Bror-
sen (1995) has shown that when nonlinear
borrowing costs are introduced Johnson and
Stein’s theory of hedging becomes invalid. We
acknowledge the important impact of nonlin-
ear borrowing costs during wide-spread
weather events that reduce national yield. The
response of lending institutions in this situa-
tion is hard to predict, in part because it will
be conditioned on a multitude of factors in-
cluding the debt-equity position of the farmer.
Thus, we do not include nonlinear borrowing
costs in our analysis. However, we ask the
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Table 1. Per-Acre Gross Return of Selected Pricing Strategies, 500 Acres of Corn, Henry
County, Ohio, 1986-1999 Position Established Second Week of December

Pricing Strategy!

Showt Synthetie Put/Call Harvest
Meaasure Futures Long Put Long Put Fence Clash
Mean Gross Return® (8facre) 28218 281,55 27977 281.25 279,38
Standard Deviation ($iacre) 56.55 57.90 57.41 5593 G185
Mean/Standard Deviation 4,00 A.80 4 87 5003 4.52
Difference from Harvest Cash
($facre) 2.80 216 (39 1.56 —
{5} L.00 0,37 14 167 -_—
Significance Test (1-ratio}* 0.33 52 0.08 (.24 —_

' Won-harvest cash pricing strategies re to sell 50% ol expected peoduction via the pricing instrument plos sell the
reulized prodoction for cash at harvest, Mon-cash pricing strategies one (11 short funires: sell post-harvest December
corn futures, (2) long put: boy post-harvest December put with @ strike price nearest to the December futines price
Qe at-the-maney putl, £3) syombhetie loog pot sell post-hirvest December corn futnres and boy post-harvest December
call at one strike price higher than the a-the-money strike price (.2, one sirke price out-ofthe-money), and (43 fenee:
by at-the-monsy put and sall one strike price aut-ol-te-money call.

* Retorns are ner of (rinsaction ansts and interest eost on money osed o establish and maintaio (e pre-harvest pricing
stragegy. Transaction vosts inclode brokerage fees for futures and eptions positions and lquidity costs for initiating samd
clesing out futares gl cptions positions,

f Mull hypothesis: grovs income from pre-harvest pricing strategy minos gross income from harves! cosh steategy equals

LT,

readers to keep this issue in mind as they as-
sexs the analysis.

Data

The l4-year period of 1986 through 1999 x1-
lerws the testing of pricing strategies thal use
market-determined option premiums. This
time period also includes a wide range of me-
teorological, economic, and political condi-
tions that producers encounter, such as drought
(1988), large price increases driven by tight
stocks (1995), and changes in government
programs {1985, 1991, and 1996 farm bills).
Local cash price data for Henry, Pickavway,
Champaign, and Clinton counties were ob-
tained from ongoing rescarch at The Chio
State University, County vields were collected
from Ohio Agriculiural Statistics Serviee an-
nual reports for 1986 through 1999, The
Weekly Weather and Crop Budletin, which is

jointly published by the WL, Departments of

Commerce and Agricultore, was used to es-
tablish the harvest date, Daily settlement pric-
&5 of the December corn futures contract were
obtained from an electronic database main-

tained by Technical Tools, Inc. Daily options
premiums were obtained from the Chicago
Board of Trade. Margin requirements  for
hedgers were oblained from the Chicago
Board of Trade Clearing Corporation.

Results
Retrny

Omnly the results for Henry County are pre-
sented becavse of space limitations and the
similarity of results among the four locations.
Ower the 1986—-1999 crop vears, selling all of
the actual production on SO0 acres of corm in
Henry County, Ohio at the local harvest cash
price generated an average per-acre gross re-
turn of $279 (Table 1). Average yicld was 132
bushels per acre and average cash price at har
vest was 52,13 per bushel, Gross return was
highest in (9495 ar 3406 per acre due (o the
highest cash price at harvest, 33.03 per bushel,
observed over the analysis period. Gross re-
trn was lowest in 1987 at $167 per acre, as
toth yield and price were well helow normal
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Table 2. Per-Acre Gross Return of Selected Pricing Strategies, 500 Acres of Corn, Henry
County, Ohio, 1986-1999 Position Established Second Week of February

Pricing Strategy’

Short Synthetic Put/Call Harvest
Measure Futures Long Put Long Put Fence Cash
Mean Gross Return? ($/acre) 284.37 281.64 280.38 283.02 279.38
Standard Deviation ($/acre) 60.78 59.89 59.87 60.09 61.85
Mean/Standard Deviation 4.68 4.70 4.68 471 4.52
Difterence from Harvest Cash
($/acre) 4.99 2.25 0.99 3.63 —
(%) 1.79 0.81 0.35 1.30 —
Significance Test (t-ratio)? 0.62 0.57 0.20 0.51 —

" Non-harvest cash pricing strategies are to sell 50% of expected produnction via the pricing instrument plus sell the
realized production for cash at harvest. Non-cash pricing strategies are (1) short futures: sell post-harvest December
corn futures, (2) long put: buy post-harvest December put with a strike price nearest to the December futures price
(i.e., at-the-money put), (3) synthetic long put: sell post-harvest December corn futures and buy post-harvest December
call at one strike price higher than the at-the-money strike price (i.e., one strike price out-of-the-money), and (4) fence:
buy at-the-money put and sell one strike price out-of-the-money call.

2 Returns are net of transaction costs and inlerest cost on money used (o establish and maintain the pre-harvest pricing
strategy. Transaction costs include brokerage fees for futures and options positions and liquidity costs for initiating and
closing out futures and options positions.

* Null hypothesis: gross income from pre-harvest pricing strategy minus gross income from harvest cash strategy equals

7€ro.

at 105 bushels per acre and $1.58 per bushel,
respectively.

These gross returns do not include any
farm program payments (target price deficien-
cy payments, loan rate deficiency payments,
market transition payments, etc.), nor do they
include the impact of announced acreage set
asides. Because these farm program consid-
erations would be the same for all pricing
strategies analyzed in this study, their inclu-
sion would not alter the relative performance
of the different pricing strategies.

All combinations of pre-harvest pricing
dates and pricing strategies generated higher
average gross income per acre than the harvest
cash sale (Tables 1—4). This occurred because
the non-cash part of the pricing strategy gen-
erated trading returns above transaction and
interest costs. The improvement over harvest
cash sale ranged from $0.39 per acre for a
synthetic long put placed during the middle of
December (Table 1) to $7.59 per acre for a
short futures position placed during the middle
of May (Table 3). The number of years in
which the non-cash part of the pricing strategy
produced positive returns ranged from 5 of 14

years for the mid-December synthetic long put
to 9 of 14 years for the mid-December, mid-
February, and mid-May short futures, as well
as for the mid-May synthetic long put and
fence.

When averaged across all four pre-harvest
pricing dates, the improvement over a harvest
cash sale was $1.40 per acre for the synthetic
fong put strategy, $2.74 per acre for the long
put strategy, $4.11 per acre for the fence strat-
egy, and $5.16 per acre for the short futures
strategy (Tables 1-4). Thus, the short futures
strategy improved gross returns the most.
When examined by pre-harvest pricing date,
mid-May stands out as having the highest re-
turn (Table 3), with improvements over cash
harvest sales that ranged from $2.89 per acre
for the synthetic long put to $7.59 per acre for
short futures. One potential explanation for the
mid-May finding is that over the 14 crop years
included in this study early season drought
scares that did not materialize into reduced
yields were especially prominent during the
planting season.

While the pre-harvest pricing strategies
nominally improved returns over a harvest
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Table 3. Per-Acre Gross Return of Selected Pricing Strategies, 500 Acres of Corn, Henry
County, Ohio, 19861999 Position Established Second Week of May

Pricing Stratesy!

Shornt Synthetic IafiCall Harvest

Measure Futures Long Put  Long Put Fence Cash
Meun Gross Betun? (Sfacre) 28698 28307 2R2 2T 28534 27938
Standurd Deviation (Sfacre) 58.36 59.29 58.38 58.04 al.8s
Mlean/Standard Deviation 443 4,77 4.84 4,87 4.52
nfference from Harvest Cash

(Sacre) T.59 .69 289 &) -

15 292 .32 1.03 2.15

Significance Test {-ratic)’ 1.03 105 0o ne1 —

P ™on-horvest cazh pricing strategles are o sell 50% of expecied production via the pricing instrument ples sell the
teabized production for eash ol hurvest, Mon-cash pricing strotegies aee (1) shon futures: sell post-hbarvest December
oo Tutures, (21 long put: buy post-harvest December put with o strike price nearest o the December Tuures price
(e, at-themeney pury, (33 syothelic long put: sell posi-harvest December corm futures and buy post-barvest Decentber
call al one swike peice higher than the a-the-money sirike price {ie., one sifke price ou-of-the-maneyh, aod (4) fence:
by ai-the-maney pol sod sell one soike price out=of=the-mooney eall,

*Returns gre nel of transsction costs and inferest cost on money wsed o establish pogl maintain the pre-hacvest priciog
steategy, Tramsacricn costs include hrokernge foes for fumees and pptions positions and liguidite costs for initiating and
closing out futures and options pozitions,

Mol ypathesis: pross income from pre-harvest proicing straiegy minos gross meome from harvest cush siratesy equals
FAY LN

Tahle 4. Per-Acre Gross Return ol Sclected Pricing Strategies, 300 Acres af Corn, Henry
County, Thia, 19861999 Position Established Second Week of July

Pricing Strategy!

Short Synthetic Put/Call Harvest

Musure Futures Long Put Lang Put Fence Cash
Mlean Gross Return? {$favre) 28404 282,23 280,71 284 33 27938
Srandard Dieviation (Sincre) 63.20 65.69 R 63,38 61,85
Mean/Stundard Deviation 4.50 4,30 4,32 4,49 4,52
Difference from Harvest Sales

{Fracre) 525 2.H5 1.32 405 —

(%) 1.8 1.2 (AT 177

Significance Test {-rato) .71 (LGS 023 0,72 —

EMon-harvest cash pricing strategies are 1o sell 309 of expected produstion iz the priving instrument ples sell the
reslized production for cash at harvest, Mog-cash seeategies are (1) short futores; sell post-harvest December comn
futres, (23 long pul: boy post-harvest December put with 2 strike price nearest o the December fulures price (e, of
the-mnoney putl, (30 svntheric fong puts sell post-lncvest December com futres and bay post-harvest December cull
at one strike price higher than the si-the-money strike price (e, one stike price out-of-the-money), and (4) fence:
huy ni-the-money put sl sell ane strike price oul-of-the-money call,

I Returns ure net of manssction costs and interast cost on money used Lo establish and moinisin the pre-harvest pocing
sirulegy, Transection costs include brokerage fees for futures and options positions and liguidity costs Tor initiating and
clnsing oul futures and options positions,

3 Mull hypathesi=: gross income from pre-harvest pricing strategy miows gross income from harvest cash strategy equals
FRAY,
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cash sale, the null hypothesis that the improve-
ment equals zero could not be rejected at the
90-percent confidence level for any combina-
tion of pre-harvest pricing date and strategy.
Thus, from a statistical perspective the pre-
harvest strategies did not generate a per-acre
gross return that differed from selling the crop
for cash at harvest. Furthermore, economic
significance of the improved returns is rela-
tively small. When expressed as a percent of
the $279-per-acre average gross return from
selling corn for cash at harvest, the average
improvement across all four pre-harvest dates
ranged from 0.5 percent for the synthetic long
put strategy to 1.8 percent for the short futures
strategy.

A frequently used measure of risk is stan-
dard deviation. The focus of this analysis is on
the standard deviation of annual per-acre gross
return. It equaled $62 per acre for the harvest
cash strategy over the 14 years analyzed. For
the pre-harvest strategies, this standard devi-
ation ranged from $56 per acre for the mid-
December fence to $66 per acre for the mid-
July long put. The pre-harvest pricing
strategies were superior at reducing the stan-
dard deviation of annual gross return if imple-
mented before or during planting, i.e. mid-
May. The reduction was especially noticeable
for the mid-December pricing date. In con-
trast, for mid-July standard deviation of the
pre-harvest pricing strategies all were higher
than the standard deviation of the harvest cash
strategy. Because of weather’s impact upon
potential yield, futures prices are more vari-
able during the early to middle part of the
growing season, i.c. June and July (Anderson,
1985). Similarly, depending on whether
weather is favorable or unfavorable for yield,
the volatility of corn futures prices and, thus,
the value of corn options can vary substan-
tially from year to year during June and July.
Consequently, returns to pricing strategies in-
volving futures and options are likely to be
more variable when the strategies are imple-
mented during June and July rather than be-
fore or during planting.

A measure that combines return and risk is
the ratio of the average return per acre to the
standard deviation of return. Given the previ-
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ous discussion, it is unsurprising that the mid-
December, mid-February, and mid-May pre-
harvest pricing strategies have a higher
mean-to-standard deviation ratio than the har-
vest cash sale. For mid-July, the mean-to-stan-
dard deviation ratios are either similar or favor
the harvest cash sale strategy.

As mentioned previously, this analysis uses
naive pre-harvest pricing strategies that have
low transaction, informational, and monitoring
costs. While naive strategies are important
tests of market efficiency, traders usually em-
ploy more complex strategies that involve
combinations of these basic strategies and dif-
ferent placement dates. Of particular note for
this study, Wisner et al. (1998) argued that
different strategies should be employed after a
short crop year than after a normal crop year.
They find statistically significant profits for
corn over the 1979-1996 crop years for some
pre-harvest strategies involving only futures
and over the 1985—-1996 crop years for some
pre-harvest strategies involving options.

We examine their strategies within the
hedging parameters and data period used for
this article. One difference is that Wisner ef al.
sold 100 percent of expected production be-
fore harvest, whereas we sold pre-harvest 50
percent of expected production. They used
two strike price out-of-the-money call and put
options; we used at-the-money puts and one
strike price out-of-the-money calls. Last, we
used a different procedure to identify short
crop years. They identified a short crop year
as one with a U.S. average yield that was more
than five percent below the linear yield trend
over the 1960-1994 period. We identified a
short crop year as a year in which U.S. aver-
age yield was five percent lower than the one-
year, out-of-sample forecast from a linear
trend regression of average U.S. corn yields
for the previous 20 years. Our procedure,
which is out-of-sample and thus consistent
with the information available to traders, iden-
tified 1988, 1991, 1993, and 1995 as short
crop years. For crop years since 1985, Wisner
et al.’s procedure identified these years plus
1990.

We examine a short futures strategy pro-
posed by Wisner et al. because it was signif-
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icant at the 90 percent conlidence level and
was the stratepy most comparable to those
used in this study. Wisner ef al.’s stralegy was
following a short crop year, sell fotures in the
first week of Febroary; following a normal
crop year, sell futures during the first week of
July. We implemented their pricing strategy by
combining our resuelis from the shorl futures
strategy for either the scoond week of Febru-
ary or July depending on whether the crop
vear was afler a4 short or normal crop year,
Average return for the Febroary-July futures
strategy was 35.86 per acre higher than the
cash sale at harvest strategy. The t-ratio was
(.90, which is not statistically significant at the
S0-percent confidence level. The difference in
findings underscores how sensilive trading re-
turn resnlts can be to a study’s period of anal-
ysis, dates on which situtegies were placed
and lifted, and other analytical parameters.
The corn pricing strategy examined by
Wisner f ol that had the larges) t-ratio, 2.8,
was following a short crop year, sell [ulures
for 100 percent of the expected crop in the first
week of February; following a normal crop
vear, buy a $0.20 out-af-the-money put for 80
percent of expected production in the third
week of May aod sell the remaining 20 per-
cent of expected production using short fu-
tires in the first week of Julv, We cxamined
this strategy bul, to increase comparability
with the other stratepies examined in the pre-
sent study, we sealed the proportion hedged so
that it totaled 50 not 100 percent, used at-the-
money puts, and Implemented the positions
during the second week of February, May, and
July, Average remurn above the cash sale at
harvest stratepy equaled 57.31 per acte with a
t-ratio of 1.91, which is significantly different
than zero at the 90-percent confidence level.
Moving bevond naive strategies found a
stratepy that generated significant trading re-
turns, However, it is important to remember
that trading returns are sensitive (o the analyt-
ical parameters nsed, and it is likely that any
analysis of u historical period will find at least
one profitable trading strategy. Thus, a trading
strategy needs to stand the test of nme via sub-
stantial out-of-sample esting. |t also 1s desi-
able for any irading returns thal are consis-

i1l

tently observed to have an explanation based
on an economic principle, such as risk reduc-
tion. Without this foundation the retum is
more likely to be viewed as spurious,

Cash Flow

Selling at harvest incurs no cash Aow risk rel-
ative to pricing before harvest becanse margin
calls, option premiums, brokerage fees, and in-
terest opportunity cost are not incwred. To
save space we present the cash fow resulis
only for mid-Decamber and mid-Tuly. The re-
sults for mid-February and mid-May generally
fall between the results for mid-December and
mid-Tuly in large part because the latter two
dates are the tarthest from and nearest to har-
vest, respectively.

The focus of this discussion is on the co-
mitlative cash flow [tom the date the strategy
wis established, not on the day-to-day changes
in the cash fow account. Cumulative cash
flow reflects hrokerage cost, initial margin,
and the cumulative change in price or option
premivm as well ax the interest opportunicy
cost incorned since the stralegy was initiated.
Cumulative cash flow at the close of trading
an a given day can be thought of as the total
amount of cash needed to keep the strategy
active for the next trading day. 11 is an amount
that lending institutions and traders monitor
intensely, To provide a simple dlustration, as-
sme one cormn fotures contract (5000 bushels)
initially was sold at $2/ushel, corm at the
close of wading is now $2.20fbushel, broker-
age Tees were S00Vcontract, a 5500 initial mar-
gin was required, and 850 in interest cost on
borrowed money has been incurred. Cumula-
tive cash Now through the day is ((($2.00-
$2.20) ¥ S000) — $60 — $500 — $50) or

$1.610, We specifically examine the maxi-
mum cumulative cash outfiow that ocourred
hetween the opening and close dates of the
strategy. and the average of all the daily cu-
mulative cash flows.

Even though a pre-harvest pricing sirategy
carned positive trding returns, its average cu-
mulative cash fow between the initial pricing
date and harvest can be negative. This can oc-
cur because of the initial cash outlow asso-
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Table 5. Average and Maximum Cumulative Per-Acre Cash Flow Requirements for Selected
Pre-Harvest Pricing Strategies Entered the Second Week of December, by Crop Year, Henry
County Ohio Yields, 500 Acres of Corn, 1986-1999 ($/acre)

Short Futures

Long Put

Synthetic

Long Put Put/Call Fence

Average Maximum

Average Maximum

Average Maximum  Average Maximum

Cumula- Cumula- Cumula- Cumula- Cumula- Cumula- Cumula- Cumula-
tive tive tive tive tive tive tive tive

Crop Cash Cash Cash Cash Cash Cash Cash Cash
Year Flow! Flow! Flow! Flow! Flow! Flow! Flow! Flow!
1986 17.12 (4.93) (7.23) (7.49) 12.70 (9.20) (5.78) (6.89)
1987 (2.54) (26.87) (7.96) (8.23) (9.50) (33.88) (5.92) (20.42)
1988 (44.44)  (114.39) (11.79)  (12.30) (55.03) (125.08) (28.42)  (91.32)
1989 4.72) (21.35) (14.39)  (15.11) (15.96) (32.22) (8.31)y (13.70)
1990 (10.26) (33.51) (14.34)  (14.98) (19.99) (43.46) (9.85) (20.78)
1991 (5.36) (14.93) (11.12)  (11.53) (15.23) (24.98) (5.13) (8.06)
1992 (1.37) (19.08) (11.04)  (11.37) (11.79) (29.35) (5.62) (10.84)
1993 (4.11) (16.68) (9.47) 9.74) (13.27) (26.10) (3.22) (7.94)
1994 6.43 (12.98) (13.23)  (13.67) (1.84) (21.29) (8.57) (14.82)
1995 (23.42) (61.88) (1170 (12.15) (31.85) (70.62) (16.63) (47.54)
1996 (31.00) (81.19) (15.18)  (15.77) (43.45) (93.75) (21.51)  (58.83)
1997 (11.07) (29.85) (13.89) (14.43) (23.50) (42.00) (1047)  (21.59)
1998 18.40 (6.79) (17.82) (18.70) 4.36 (20.34) (10.56)  (13.90)
1999 5.98 (7.34) (14.57)  (15.07) (4.43) (17.61) (10.78)  (14.26)
Average (6.45) (30.57) (12.41)  (12.90) (16.34) (42.18) (10.77)  (25.06)
Stan. Dev. 17.35 31.49 2.93 3.10 18.06 32.62 7.00 24.30

! Negative cash balances are reported in parentheses.

ciated with the initial futures margin or option
premium and brokerage costs, the cumulative
nature of interest expense, the fact that usually
prices do not change much until spring, and
the random walk nature of price changes un-
less a major news event occurs.

Examining the results by pricing strategy
reveals that either the long put or the synthetic
long put had the highest average cumulative
cash outflow, except for the mid-July 1994
pricing date (Tables 5 and 6). The short futures
strategy never had the smallest average cu-
mulative cash flow for a pricing date because
the synthetic long put strategy required the
purchase of a call in combination with a short
futures position.

For the synthetic long put, short futures,
and fence, maximum cumulative cash flow
need occurred on June 27, 1988 during the
worst growing season drought in the U.S.
since the 1930s. It totaled -$125 per acre for

the synthetic put, -$114 per acre for short fu-
tures, and -$91 per acre for the fence (Table
5). Among these pre-harvest pricing strategies,
the synthetic long put consistently had the
highest maximum cumulative cash flow need
because cash is paid to purchase call options
on the initial day of the strategy. The fence’s
maximum cumulative cash flow need is usu-
ally, but not always, the lowest among these
three strategies because income is received
from selling calls.

For the long put strategy, maximum cu-
mulative cash flow need occurs just before
harvest, i.e., at the end of the trading period.
The reason is that interest expense is highest
at that time, reflecting its cumulative nature.
Unlike the other three strategies, no margin
calls occur with this strategy. Thus, maximum
cumulative cash flow for the long put strategy
was substantially lower.

Maximum and average cumulative cash
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Table 6. Average and Maximum Cumulative Per-Acre Cash Flow Requirements for Selected
Pre-Harvest Pricing Strategies Entered the Second Week of July, by Crop Year, Henry County
Ohio Yields, 500 Acres of Corn, 19861999 ($/acre)

Short Futures

Long Put

Svothetic

Long Put PutfCall Fence

Average Muximum

Average  Maximom

Avernge Maximun  Average  Maximum

Comuala-  Cumula- Cumulo-  Cumula- Cumula-  Comuola-  Cumula-  Comwla-
tive tive tive tive liwve fivie live tive

Crop Cash Cash Cash (Cash Cush Cash Cash Cush

Year B! [¥ v Flow! Flow! Flova! Flow! ] yng! Fliva!

1936 (2.08) {9.43) {5.02) (3.75) (697  (14.28) (3.68) (5.75)
FORT {000y  (10.12) (8.30 (.48 (A.48)  (15.74) (3.8 {5.86)
10ES 23.55 [16.62) (X4.26) (24,623 .51k (33.33) (567 {7.04)
1989 2,90 (807 (0.98y (1014 (4.56)  (15.41) {6 1] (0.57)
1990 1r25 {6,720 {D.06) (2R 5.0 11,88 (7,591 (8.01)
19491 (2208  (3232) (5.98) (6.05) (27.79%  (37.13) (14.27 (2344
1992 Q.36 {5.K2) (G431 {65 146 {11.66) {5849 (4010
1993 (LI9y (1063 {9.30 {540y (9.971 (1949 [3.80) (4.58)
| 5yl {244 (7.52) (7.42) (7.500 (534 (104a) (7.83) (8,50)
1905 (12.54) (3365 113,33 (15.51) (22.00) (43.22) (B.94) (L1827
(024 3123 {22.37} {15,360 (1E.63) § L s (4117 1497 [ 1964y
1997 (3023 (4R45) (6,54) {6.73) (3749} (56,28 (21.11) {37.31)
1908 15.42 {6,790 (11.59) (11.73) 0453 (15.32) (4. 14) (9.65)
199 (17.02) (3279 {9.45) (.55 {2445 (42304 (14,1 {28.046)
Average .18 (L7777 (10461 (10600 (8.38) (26.28) .37y {12.73)
Slan, [Jev, 17,32 14,13 521 5.29 14.53 1529 5.1 10.27

Megative cash halances gre reported in parenthesics,

flow need was lower for mid-July than for
mid-December (Tables 5 and 6). This result
wias expected because interest expensc s
smaller since the strategy is active for a shorter
period. In addition, part of the uncertainty sur-
rounding corn yields is resolved by mid-July
and time o cxpiration is less. resuliing in a
lower put and call preminms, Nevertheless,
maximom cumuelative cash flow needs ap-
privached or exceeded —$40 per acre for a
mid-July synthetic put, shorl futures, and
fence.

The discussion has focused on cwmnulalive
cash Mow, not the cconomic value of the sirat-
egy. Specifically, it has not considered that the
value of a lomg call increases as price increas-
es. For example. on June 27, 1988, the pre-
mium for the long call vsed as part of the syn-
thetic long put established in mid-December
1987 (52,10 sirike price) was $1.535 per bush-
el, compared with a purchase premium of

50,16 per hushel, The positive value for a long
call does nol yield a flow of cash until the long
call is sold, but a lending institution may rec-
vgnize the long call as an asset thal can be
borrowed against. Thus, they may charge a
lower interest rate on loans to cover a large
exposure resulting from margin calls on shor
furures. To thig situation the increasing voloe
of corn due Lo itk increasing price also may
serve as polental collateral for margin calls.
Therelore, it is not clear why a long call would
be a superior hedge against cash flow risk,
provided the amount of corn contructed does
not exceed cxpecied production.

One measure of cash low risk 15 the ad-
ditional cash flow that may be needed to main-
tain @ position after it is established. One in-
dicator of this visk is the absoluwe difference
between the maximum cumulative cash fow
and the average cumulative cash fow. Over
the 19861099 crop years, this average differ-
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ence was much smaller for the long put strat-
egy than for the other pre-harvest pricing strat-
egies. To illustrate, for the mid-December
pricing date, per-acre average absolute differ-
ence between the maximum cumulative cash
flow and the average cumulative cash flow
was $26 for the synthetic long put strategy,
$24 for the short futures strategy, $14 for the
fence strategy, and less than $1 for the long
put strategy.

Standard deviation of the maximum cu-
mulative cash flow, a measure of cash flow
risk across crop years, also was substantially
smaller for the long put. To illustrate, using
the pricing date with the smallest range, mid-
July, standard deviation of the maximum cu-
mulative cash flow was $15 per acre for the
synthetic long put, $14 per acre for short fu-
tures, $10 per acre for the fence, and $5 per
acre for the long put.

The lower cash flow risk of the long put
strategy occurred because it was the only pre-
harvest pricing strategy not subject to margin
calls. However, to obtain this lower cash flow
risk, the full purchase price of the put must be
paid up front.

Conclusions

For the 1986—-1999 corn crops in the four Ohio
counties analyzed in this study, naive pre-har-
vest short futures, long put, long synthetic put,
and put/call fence pricing strategies improved
average gross income per acre compared with
the strategy of selling in the cash market at
harvest. For Henry County, the county dis-
cussed in this article, the largest average im-
provement was $7.59 per acre for a short fu-
tures position placed during the middle of
May. The smallest average improvement was
$0.39 per acre for a synthetic long put position
placed during the middle of December. For
most pre-harvest pricing dates and strategies,
return increased by $5.00 per acre or less. As
a comparison, average gross return from sell-
ing corn for cash at harvest was $279 per acre.
Thus, economic magnitude of the increased re-
turn was relatively small. Furthermore, the in-
creased returns were not different statistically
from zero at the 90-percent confidence level.
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Thus, from a statistical perspective, the pre-
harvest strategies did not generate a per-acre
gross return that differed from selling for cash
at harvest.

The cash outflow incurred by pre-harvest
pricing strategies can be substantial, especially
when price increases rapidly during a short
crop year. For example, even when using an
optimal hedge ratio of 50 percent of expected
production, cash outflow during the drought of
1988 approached and exceeded $100 per acre
for the short futures, long synthetic put, and
put/call fence due to margin calls on futures
and short option positions. The long put strat-
egy substantially reduces cash flow risk re-
sulting from pre-harvest pricing, but to obtain
the lower cash flow risk the full premium of
the long put must be paid up front.

The naive pre-harvest pricing strategies did
reduce the standard deviation of annual returns
provided the strategies were implemented be-
fore or during planting. The use of futures
markets by short hedgers to reduce the risk of
return is conventionally associated with a mar-
ket situation referred to as normal backward-
ation (Keynes, 1930). In normal backwarda-
tion prices tend to rise over the life of a futures
contract, leading on average to trading losses
for short hedgers as they pay long speculators
for assuming their price risk. Even though the
returns to the naive pre-harvest pricing strat-
egies investigated in this study are not eco-
nomically large nor statistically different from
zero, the existence of positive returns in the
presence of a lower risk of return for short
hedges implemented before and during plant-
ing is interesting and calls for additional re-
search. It is possible that the increased cash
flow risk associated with pre-harvest pricing
strategies compared with the sale cash at har-
vest strategy may explain the observed posi-
tive returns in the presence of a lower risk of
return.

Two strategies proposed by Wisner et al.
(1998) were investigated to examine their ar-
gument that different strategies should be used
after a short crop year than after a normal crop
year. Wisner ef al. (1998) found that both
strategies produced significantly higher returns
than selling for cash at harvest, but only one
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of the stratepies produced signilicantly higher
returns in this stody despite a substantial over-
lap in analytical periods. While additional
analysis of the sirategies proposed by Wisner
el ol (1998) is warranted, the findings of this
study raise caution. Thus, in genecral, the re-
sults af this study snpport the tuditional 1m-
plication from the market efficiency ierature
that pre=harvest pricing is unlikely to increasc
returns without the ability to lime the market
successtully. Few farmers are likely to possess
this =kill.

In summary, the findings of this study sug-
gest that reducing the risk of return is probably
i greater incentive for pre-harvest pricing than
is revenue enhancement. However, the poten-
tial magnitude of the cash outflow needed 1o
maintain a pre-harvest pricing strategy implies
that, along with measures of return and risk of
return, measures of cash Aow risk should he
explicitly incorporated into assessments of
pricing strategies being considered by produc-
ers and analyzed by academics.
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