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Forecasting the cash-futures basis for agricuiturai commodities is an im-
portant aspect of a successiui marketing strategy [Bobst (i974), Garcia
and Good (1983), Chicago Mercantile Exchange (i988)]. Short hedgers
are iong the basis and unanticipated basis movements can adverseiy affect
the net price received which can increase risk, and aiter producer bebav-
ior [Peck (i975)]. Forecasting tiie basis permits producers to assess ai-
ternative forward pricing mecbanisms sucii as futures bedging. casii for-
ward contracts, and basis contracts. Tbe latter two bave become
increasingiy important as tbe marketing systems for agricuiturai com-
modities, particuiariy iivestociv, have become more integrated. The suc-
cess oi a futures contract aiso hinges on a predictabie basis. Increased
basis risk reiative to price risk ean reduee the attractiveness of the futures
market as a risk management vehicie,

Recentiy, concern has been expressed over the changing nature of
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the basis for agricuiturai commodities, it bas i>een suggested tbat the
basis risk ba.s increa.sed. as tbe basis bas become more voiatiie and dif-
ficuit to prediet [Tomek (i993)|. In particuiar, some anxiety bas devei-
oped over tbe ievei oi hasis risk, tbe recetil dcciine in tiie \t)iLime of
futures trading in live iiog contracts and the usefuitiess ot the contract
[Unnevehr (i988), Hurt and Rice (199 i), Einhorn (i994)]. The difiicuity
is attrihuted to the changing nature of cash markets, that is, higher ievels
of \ertical integration and bypassing oi the traditionai terminai markets
with more direct saies to pnjcessors. Cash saies and prices in direct mar-
kels aiso are increasingiy suiiject to quaiity, titning, and iocational iaclors
important to specific cash transactions. Furthermore, cash prices at ter-
minai markets, which have deciined in importance, may be infiuenced
iess by fundamentai suppiy and demand. C'ieariy, if tiie iiasis risk in-
creases, (a) tbe abiiit) oi futures contracts to transfer risk is reduced, (b)
it beeomes more diiiicuit to assess casb forward tnarkcting and pricing
opportunities, and (c) tbe use of futures contracts can deciine.

The purpose of this articie is to investigate the changing nature of
iive hog hasis risk for a direct (non-par deiivery) and a terminai (par de-
iivery) market over the period 1975-1994. Basis risk is measured in a
traditionai mean-squared-error framework, and the correct prediction of
the sign of the basis (which is an impt)rtant part of basis risli) is inciuded.
Because basis risk is generaiiy viewed in an ex ante context, economic
and time-scries iorecasting modeis are de\eioped to assess basis i)eha\ior.
VVeli-estabiisbed modeiing procedures tbat are easiiy implemetited are
used. T«o forecast horizons are considered in the anaiysis: a iong-term
(S-month) forecast, which reflects production decision; and a short-term
(i-montb) forecast, which represents marketing decisions. Tiie oul-of-
sample forecasting ahiiity of the basis modeis is assessed Uy examining
their statisticai behavior reiative to naive forecasting modeis that have
been employed by Koib and Stekier ( i 993) and Alien (i 994). Differences
in basis risk over time and across terminai and direct markets, as weii as
impiications for the successfui use of futures markets, are addressed.
Analyses aiso are perfortned to identify wbetiier basis voiatiiity iias in-
creased over the iast decade al seiected terminai and direct markets.

MODELING THE LIVE HOG BASIS

Most work concerning the cash-futures iivestock hasis has been explan-
atory in nature [e.g., Leuthoid (1979), Tomek (i980), Leuthold and Pe-
terson (i983), and Garcia, Leuthoid, and Sarhan (i984)]. in a rationai
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expectations framework, Naikand Leuthoid (1988b) showed that the ba-
sis for nonstorabie commodities is a function of iagged vaiues of the basis,
cash prices, fulures prices, and relevant suppiy and demand shifters. Naik
and Leuthoid (i988a) had moderate success in empiricaiiy explaining the
cash-futures basis (or iive cattle and bogs.

Liu, Brorsen, Oeiierinann, and Farris {i994) e.xtended the Naik and
Leuthoid work by expiicitiy addressing the forecastabiiity oi the nearby
iive cattie basis. They modeled the nearhy basis as a function of deiivery
costs and expected changes in casii prices. They found tiiat the expected
impact of suppiy, demand, and deiivery cost variables on the basis is am-
biguous because cbanges in these factors may differentiaiiy impact cash
and [utures prices. Four different modeis were specified and estimated:
a modei using futures tnarket variabies, a modei using iagged iiasis and
deiivery ctjsts, a modei using iagged suppiy and demand variabies, and a
joint modei encompassingaii variabies. Not unexpectedly, the joint modei
exhihited the highest in-sample adjusted R-squared. The statisticaily im-
portant variabies were iagged vaiues of ftitures spreads, the basis, futures
open interest, tiie consumer price index, anti the price of cbicken. How-
ever, in evaluating 30 out-of-sampie, one-step-ahead forecasts from i987
through i99 i, the four modeis performed simiiarly on lhe criteria of root-
mean-squared error and in predicting turning points. The authors con-
ciuded that the amhiguity of out-oi-sample resulls may have stemmed
irom structurai changes, and tiiat the performance oi the joint suppiy and
detnand modei may not justify modeiing costs. Furthermore, they con-
ciuded that short-term dynamics (i.e., the iagged basis) are at ieasi as
important as fundamentai variabies in predicting tbe nearby fiasis.

Tbis research extends ibc work oi Naik and Leutboid (i988a) and
Liu et ai. (1994) to identify potentiaiiy reievant suppiy and demand \ar-
iabies for an economic forecasting modei. Tbe economic modei is spec-
if'ied irom a set of variabies reflecting suppiy, demand, and deiiver\' costs
for iive iiogs. Liu et ai. ( i994) stress the importance ol short-run dynam-
ics in predicting the i)asis; thus, an ARMA time-series mtxiei senes as a
second modei to generate out-of-sampie forecasts, ln contrast to the
above studies and after discussions with industry participants, the basis
is defined over a reiativeiy short temporai unit, 1 week, to minimize vari-
ahiiity within the unit of aggregation and to represent a reaiistic marketing
period.' Addilionaiiy, previous studios have made only one-period-ahead

'interestingly, there h nt) f^idi-nfc (if ciish riiliirfs iinncrficiuf in llit* llrs( ucek tii llic tk'li\cr\

miinlh. Hurl iiiiti Riif I m^l) diiciinu'iil lli;il ciin\rr}Ji'ni-f i^ s|K)r;u]if ;)nd iilii'n does not otcur iiiilil

wcW into the ».!eliver\ munth.
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forecasts and have not given sufficient attetition tt> the avaiiabiiity of sec-
ondary data at the time oi the forecast. In this anaiysis, forecast horizons
are I and 5 months ahead, corresponding to the tnarketing and pricing/
production decisions of producers, respectiveiy. The timing of data re-
ieases and their avaiiabiiitv to a forecaster also are considered.

Data iimi Markets

The ijasis is defined as tbe difference in naturai iogarithm of cash and
futures prices, basis, — iog(cash,) — iog(nearby future.s,), so tiiat casb is
e.xpressed as a percent premium or discount to futures." Foiiowing Liu et
ai. (1994) focus is piaced oti iorecasting a neari>y basis, tbe diiierenee
between casb and nearby Futures at time f. The casb and nearby futures
prices are weekiy averages of daiiy prices ior tbe first week of each month
v\here the ist does not faii on Friday. For instance, tlie March basis is
caicuiated with the prevaiiing cash and the .'\prii iutures price (nearby
contract) during the first week of March. Tiie i>asis is caicuiated for each
month from January, 197S to May, i994. The sui)period from January,
i97S through i)ecemiier, i984 serves as the in-satiipie period. Out-of-
satnpie iorccasts iiased on updated mt)deis are made over i i .̂  observa-
tions from January, i985 through May, i994.

Two markets are e.xamined; a par deiivery terminai cash market
(Otnaha) and a non-par deiivery direct market (Iliinois direct). The
Omaha tnarket, aithougii reiati\eiy it)w in volume compared to direct
markels and some other auction markets, is a nationaiiy quoted terminai
market and a par deiivery point for the iive hog contract.

Futures data are provided by tbe Office tor Futures and Options
Researcb, University of Iiiinois. Casb dala are taken irom various USDA
publications; Lii'estock, Meat, and Wool Weekly Snnimar) and Livestock
and Poultry Situation and Outlook Hepoy-t. Macroecotiomic variaisies are
from Tiie Ecojiomic Report oJ the President.

Economic Forecasting Models

Tbe ect)notTiic modei expresses tiie i)asis as a fimction of supply and
demand iaclors, deiivery costs, and montbiy dummy variai)ies. Speciai
attention is given lo making tbese models realistic and impiementable.

"Prfliminar\ aniiiyses iierroniifd on die nonlojyifd l>,isis iliitii I'liund, in neiifRil. (lijt lhe
islics and initial roreeastinj; pi-rtoriiiancf aru consistent with the resulls prcsomcd iji this article. I'hc
id^yifd dala are used, LIS they eiiiseK rellocl the [lerecnta^e errors in returns.
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For instance, distinct mt>deis are specified for generating i - atid S-montb
forecasts. At tiie i-month horizon, aii variai)ies tnust enler the modei w itb
iags of at ieast two periods. Because tbe basis is defined for the first week
oi tbe tnontii, a t)ne-perit)d iag wouid result in a meaningiess forecast
borizon. Furthermore, many of the economic variables are nol immedi-
ateiy avaiiabie to the iorecasler. Mt)sl notabiy, cold storage, personai in-
come, and tbe consumer price index for monlb ( are aii released via gov-
ernment reports in tbe tiiiddle of month / + i. C'onsequently, these
variabies must enter the i-tnonlb modeis with iags of at ieast ibree pe-
riods. Simiiariy, ior the S-month modei these variabies can oniy enler the
modei v\ith lags of 7 months or greater, whereas those variabies that are
immediateiy observed (i.e., prices) need oniy iie iagged 6 montbs.

Tbe fuii economic iive bog basis forecasting model is specified as

ihbasis, — /(dv2 — dvi2,cidpk, ;, sithg,_,, dcorn,_^, dretck,. |,

dretbf,. j , dinccap, ,̂ dtb, ,, dcpi, ;)

where ihbasis, is ibc live bog basis (ib, — iiiiut,); ih, is tbe price (S/cwt,
22()-240#, US i-2) of iive hogs; and ihful, is the nearby futures price
for the iive hog contract. Tiie suppiy variabies inciude cidpk, tbe tt)tai
pork (tniiiit>ns of pounds) in coid storage at the end of montb t (inft)r-
rnation becomes avaiiabie during tbe middie of month ( - h i ) ; sithg,, tbe
federally inspected bog siaugbter (ibousand head) during month (; and
dcorn, the change in the monthiy average price of corn (No. 2, yeiiow,
Centrai Iiiinois) irom month t — i to mt>nth /. The demand variabies are
dretbff, the change in the average monthiy retail price oi beei (S/cwt)
from month t — i to /; dretck,, the change in the average monthly retaii
price t)f chicken (S/cwi) from month / — ! to /; and dinccap,, the change
in U.S. persona! income per capita (thousand doilars) from month / — i
to month t (information is not released untii the tniddle of montii ( -I-
i). The delivery cost variahies examined are: dlb,, the change in the
monthiy average Treasury biii rate irom month ( — I to month /; and
dcpi,, the change in the consutner price index from month ( — 1 to montii
/ (information is not reieased untii the middie of month ( + i), The
suhscripls i and / refer to the avaiiabiiity of the data such that i = 3 and
j — 2 for the one-period forecast model, and i = 7 and J = 6 ft)r the
five-period forecast modei. Monthiy intercept shifters are represented by
dv2—dvi2, and aii variabies are first put into naturai iog form, so that
leveis are iog ieveis and changes (indicated by the d prefix) are percent
changes.

An initiai iuli mtitle! is speeified and estimated for the period,
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TABLE I
One-Month Horizon Iiconomic Modeis: Oniaba Terminai Market

Live iHog Basis

huiependent Variables

Constant

DV2"

DV3

DV4

DV5

DV6

DV7

DV8

DV9

DV10

DV11

DV12

cidpk....,

dretck,_2

dcpi,. 3

sithg, ^

Adj, f? squared

0.526
(5.69)'̂
0.0490

(3.20)
0.0618

(4.02)
0.0406

(2.69)
-• 0.0607

(-4.07)
- 0 0034

(-0.23)
0,0701

(4.43)
0,0974

(5,97)
0,1355

(8 39)
0.0531

(3.57)
-0.0276

(-1.87)
-0.0241

(-1.59)
-0.0977

(-5.68)
-0.3114

(-2,86)
-0.0367

(-4,09)

0,686

Su,n,,lePcru>J

l9H=i.OI-19H9.I2

1 7333
(2,30)
0,0241

(1,31)
0.0332

(1.79)
-0,0155

(-0.70)
-0.0743

(-4.00)
-0.0081

(-0.67)
0.0529

(2.59)
0,0479

(2,03)
0.1291

(5 32)
0,0489

(2,45)
-0.0173

(-0,94)
- 0 0084

( - 0 42)
- 0,0649

(-2,93)

- 0.0444
( - 4 62)
-0,1562

(-1.68)
0.777

}9H9.OI-I99.i.i2

0,5428
(2,98)
0,0191

(0.94)
0,0145

(0,72)
-0,0014

(-0.07)
- 0.0623

(-3,09)
-0,0019

(-0.09)
0.0686

(3.23)
0.0716

(3 42)
0,1104

(5 50)
0.0544

(2.80)
-0,0097

(-0,51)
-0.0186

( - 0 968)
- 0,0997

(-3,09)

0.692

•'f statistics in parenttieses
"Variables are defined in text

197S.01-1984.12. The fuli modei incorporates ali theoretlcaiiy reievant
variabies with the minimum pennissibie iag for each forecasting horizon.
The fuii mt)dei is then tested down—systematicaliy eliminating variables
insignificant at the 5% ievei—to a finai specification. A Chow test indi-
cates a structurai change in 1979. /\fter examining the initiai mtidei, roii-
ing samples of 60 obser\'ations are used for estimation and out-of-sampie
forecasting. During the forecast perit)d, the economic modei is respecified
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annuaiiy and reestimated monthiy. The modeis also are examined for au-
tocorreiation in their estimated residuais.

Exampies of the l-mt>nth Omaha economic forecasting modeis for
various sampies are presented in Tabie I. The economic forecasting mt)d-
eis' variahies and summary statistics are representative of the other mod-
eis estimated through the sample. During the initial estimation period,
increased coid storage and inf l̂ation widened the basis, which can be
explained in an inventory context. However, increased chiciven prices aiso
resuited in a widening oi the basis, somew hat surprisingiy suggesting that
chiciven and porii are compiements rather than substitutes. Overaii. the
adjusted R" s are reasonabiy iiigii. Aitht)ugh autocorrelation is not a sig-
nificant prt)hlem ft)r lhe estimated forecasting ecjuations. the modei spec-
ificatit)n is tenuous and highiy sampie sensitive. For instance, tiie esti-
mated ct)efficient t)n the retaii price of chici^en, a demand \ariabie, ranges
from 0.022 in eariy sampies to a significant — .0_̂ 2 in others. Simiiariy,
the CT'ls estimateci coefficient ranges from — O.()_̂ 7 to ().()6(), botii sta-
tisticaiiy significant. Furtiicrmore, many proposed expianatory variabies
(e.g., inctjme per capita and T-i)iii rates) never entered tiie forecasting
modeis. Oniy tbe suppiy variabie, coid storage, is consistently important
\\itb a reasonabiy stabie coefficient. Seasonaiity in tbe iive hog basis is
pervasive, with a weai< hasis in the November, Decemher, January; May,
and June contracts, and a strong basis in Juiy, August, September, Oc-
toin'r, February, March, and Aprii. The strong seasonaiity accounts for
mucli of tiie explanatory power and simiiarities across modeis. At the S-
month horizon, liic economic resuits confirm the impt.)rtance t)i cold stor-
age and seasonality, the t>niy factors consistentiy affecting the basis (re-
suits not shown). The importance of coitI storage and seasonaiity are
consistent with tiie resuits of previous expianatory anaiyses of tiie ht)g
basis [Leulhoid and Peterson (i983), Naik and Leuthoid (i988a)l. Pre-
vious research on the hog basis speaks iittie lo the constancy of the es-
timated structure twer time, but Liu et ai. (i994) do suggest the possi-
biiity of structurai changes in tbe basis during the out-of-sample period,
creating ambiguity in their findings.

Time-Series Models

Previous research and anaiysis have suggested that simpie time-series
modeis are as good at forecasting as are mtideis based tin structurai rep-
resentations of the basis [Hauser, Garcia, and Tumbfin (i990), Tt.)mek

Initiiilly. nnndt'!i\tT\'-miinlli înpc shifters ;ilsn are e\;imincd. but are not significant. Apparently.

polenti^l (lifTiTonLfs hi'lWfcn Ji'li\cr\' ;iniJ nini(lfli\£Ty months arc capturt-d hy the monthly dummy

variahles.
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(1993); Liu et al. ( 1994)|. As a distinct alternative to the pure economic
modeis, tbe basis is modeied bere witii the use of a set of monthiy dummy
variables to account for seasonality, with the residuais from the dummy
variabie regression iieing used to identify an ARMA prticess ft)ilowing
standard Box-Jenkins procedures [IJrocklebank and Dickey ( 1986), and
Strobi, R)rteni>ery, and I ackier (1992)]. The seasonaiity and ARMA com-
ponents are tben jointiv reestimated. Ftir botb tiie Omaiia and Iliinois
Direct iive bog basis, an ARMA (2,0) fit tiie sampie, i975.0i- i984. i2,
but it was found to be unstabie in sui>periods (C'bow test). Tbus, consis-
tent with the information set used ior the economic iorecasts, lime-series
modeis are estimated over roiling sampies of 60 observations during the
out-of-sampie period, lime-scries modeis are respeeified annuaiiy and
reestimated montiiiy. Five-month forecasts are formed by iterating tbe
ft)recasling modei and using iorccasted vaiues as proxies for acluai vaiues.
The typicai time-series specification is an ARMA (4,0) or ARMA (2,i)
with an occasionai seasonai moving average term speciiied. Reiative lo
the economic modeis, the ARMA modei speciiicatitins are fairiy stabie
across subsampics. Adjusted R"s are reasonaiiiy higii and comparai)ie lo
those generated by tbe economic modeis.

Naive Model

Naive forecasts provide a standard of comparison against wbicb economic
and time-series forecasts are often measured. Tbe naive model used bere
empioys a 3-year seasonai moving average, /, — i/3(.v, j > + x, 74
+ X, ^f,), where/represents the forecast and the .v's represent past basis
leveis. The naive modei is wideiy used in the iiterature as an estimate of
the basis |Leulhoid. Garcia, Adam, and Park (i9S9)] and is commoniy
used by industrv' participants (personai discussions). It provides a view of
basis risk with tbe use of iorecast procedures commoniy used by many
industry participants.

RISK MEASIJREIVIEIVT PROCEDURES

Root-Mean-Sijuared Error

Feck (1975) and Tomek (1993) identify the mearr-squared iorecast errt>r
(MSE) as a measure of basis risk. In a bedging context, tbe risk in returns
from a completely bedged position is directly proportionai to ibe basis
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forecast error."* Define a forecast of .\, as/, and tbe forecast error, e, = .\,
— /,. Tben, the root-mean-squared forecast error (RMSE) over « fore-
casts can be expressed as

I " n I /2
RMSE =

The RMSE measures forecast accuracy based on a quadratic ioss
function that iias desirabie statisticai properties. In naturai iogarithms,
the RMSEs provide a measure of lhe percent error in the i>asis forecast
reiative to the iutures price, which is ct)nsistent with risk measures from
traditional mean-variance decisit>n modeis. Difierences in mean-squared
errors and, hence, RMSE can be tested across alternative forecasting
modeis witb tbe use of tbe procedure set iorth iiy Asbiey, Granger, and
Schmalensee(l9S0).

Henriksson-Merton Timing Test

The MSE provides quantitative information concerning the goodness of
fit of forecasts. Often, however, detecting directionai changes or timing
is much more cruciai to the practitioner. \\lien considering the basis and
its role in ionvard pricing, the relevant questit)n is whether the basis wiii
be [Jt)sitive or negative. Tiial is, wiii tbe effective marketing price be above
or beiov^ tiie futures price at which hedges are j^iaccd? The abiiity to
correctiy iorecasl ibe sign oi lhe basis can he fvaiLiated witii tbe use oi
the timing test proposed ijy 1 lenriksson and Merlon (I98i) .

The Flenriksson-Merton (FIM) test evaluates the abiiity to correctly
predict the sign (or direction) oi a variaiiie through estimating the foiiow-
ing model [Breen, Giosten, and Jagannathan ( i989)|:

FS,_i = a, + fiu\S, + r., (1)

where

FS,_j = i if a positive basis is forecasted for lime t at time / - i

= 0 otberwise

AS, — i if tbe actuai basis is positive at time (

= 0 otiierwise

•'In iin efficicnl murlvcl. ihc hcdy-c raliii is LilTcclcd liy IIK- fiasis iind price lorfCiist crnirs , iind tlii-ir
CDvariance [I'cck 1197S)|. Based an AIIM.A modflinji nf ihc live liu^- prices, ihc price fiircciisl crrnr
variance dncs nol appear t() ch^uifie ;ipprcciiihly tlirmi^h time, nor arc ihc t'nrccasi errors correlated
with ihc hiisiii errors. In tliis contcvl. cli:insics in Lhe prciportion of the produclinn hed^ied should he
itttrjhutiihle primarij\ Ut chiinges in the hkisis risk.
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TABLE II
Summary Statistics for Live Hog Prices and Basis, 197S-1994

Panel A

Menu Stiinilard Deviation

Omaha terminal market
Pnce level 46.66 6,79
A log (prices) 0.0000 0.0824
Basis, all months -0.0032 0.0566
Basis, delivery months 0.0013 0.0357
Basis, nondelivery months - 0.0098 0.0768

Illinois direct market
Price Ievei 47,71 6.75
A log (prices) 0.0000 0.0838
Basis, all months -0.0194 0.0569
Basis, delivery months -0.0147 0.0357
Basis, nondelivery months -0.0262 0,0768

Panel H

Omaha uuii Illinois tiireet niarkcis C'orreltitioii Cocfficieni

Price level 0.995

A iog (prices) 0.983
Basis, all months 0.965
Basis, delivery months 0.892
Basis, nondelivery months 0.986

The nuil hypothesis of no liming ability, H(,: fi] = 0, is tested against tiie
aiternativf bypotbesis, ll,\: fi\ ^ 0, where/?] > 0 indicates superior timing
abiiity, and /i| < 0 is perverse timing abiiity. Rejection t)f tbe nuii iiy-
potbesis indicates that the iOrecasls bave a significant profiability of cor-
rectly predicting tbe sign of subsequent basis, where (I + fi])ll is the
expecLed prohabiiity of correctiy anticipating tbe basis s sign.

RESULTS

Basis Variahility

Tabie !i presents tiie summar\' statistics for the iive hog basis and cash
prices at the Omaha and Iiiinois direct markets. Simpie F tests reveal that
neither price nor iiasis variance differs across tiie two markets. Eurther,
the two markets are highiy correiated in terms of price ievei, price
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Omnh* Live Hog Basis, First Week ol Each Month ,

FIGURE 1

Omaha livf liug basis. 1975-1994.

changes, and basis ieveis (panel B). This resuits in siniiiar basis models
and forecasts for eacb market. Thus, the Omaha forecasting results are
presented here, with Illinois direct results discussed only when markedly
different. Not surprisingiy, in hoth maHiels, hasis variahiiity is signiB-
cantiy greater (0.00 i ievei, F test) for nondelivery months (Table II, Panel
A).'' '

Figure I sbovvs the Omaha iive hog iiasis irom i97S lo May, i994.
Aithougii quite volatile, with extremes of as much as i 5% of iive iiog
prices, there is no obvious visuai break wbere basis variability eitber in-
creases or decreases. Arbitrarily splitting tbe data set at lhe end oi i 98 i
and i988 reveals that the hasis variance actuaiiy decreases across liie
three subperiods. Hence, there is iittie evidence that basis variability has
increased at the Omaha or Iliinois direct markets over the period i97S—
May, i994. However, iiasis variance as a measure of risk is iimiied in that

riic liî ih ik'nrff ol siriiiliirily lnnwriTi liic iHii moriiliK scrit's is ncil t'lilirely unt'xpt'clctl. I'rcxions
ri'st'iirth has R'nislfred high ci>rr<'liilions iminng li<>i; ni;irkt'is using hdtli (l;iiK priio lovfls ;(iid (hfir
changes, particularly fur the markets in the icnportunt priidutinp slates |Stiglfr and Sher\^i^l 1 I 4K8).
itnd Liulhold. Garcia, and Chahcrli (1992)|.
'' lhe biisis is characterized by time-dependenl \arijnce. but il is ni>l ul ihi' ARCH lype. Basis variance
increases in n(m<ielivor\ months, in general, and M;iy and Novemher, in particular. Modeling this
ly[)c of condilional variance is [uit addressed here, hecause ()f the desire to generate easily usuhlc
and [raclahie models. Modeling conditional variances is, nont'lhelcss. ot practical concern lo hcdgers.
E.tLiminalion ol hasis risk by deliver) Luid nondelivery monlhs Indicaies ibal tbe presence of ihis lime-
dt-pendcnt variance does not change the general findings ol lhe heha\ior ol hasis risk ihrougb time.
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it does not decompose i)asis movement into its predictabie and random
components, nor does it consider tbe sign of tbe basis.

Basis Risk

As discussed, i>asis risk is evaiuated using root-mean-squared error
(RMSE), and witb the Henriksson-Merton test of timing abiiily. As ex-
pected, basis forecast errors increase as tbe forecast horizon increases
from i to S months; hence, direct comparisons are not made across the
different horizons. For purposes oi brevity, the discussion focuses on tiie
I-month horizon findings, noting differences in the findings at the 5-
month horizon where significant.

Root-Mean-Squared Error

Tabie III presents the RMSE ior the forecast procedures in both markets.
Concentrating on ibe Omaba resufts, tbe one-period-ahead economic
modei (ECi) produces a statisticaiiy smailer RMSE tban either the time-
series modei (IS i) or the 3-year moving average (3MA), with p values of
0.086i and 0.0287, respectiveiy [Ashiey et ai. (i980)]. ,At the S-month
hori/on, the economic modei's forecasts (ECS) again produce the small-
est RMSE, wiiich is significantiy iess than iioth the time series (TSS) and
the 3-year moving averages (3MA) RMSE at the ]{)% ievei. Simiiar
RMSE rankings iioid ior delivery and nondeiivfr\ month forecasts.'

To investigate how RMSEs and, thus, basis risk change through time,
the RMSE for each iorecasting method is calculated over rolling 3-year
(36-month) periods.^ .'\ series of forecasts that outperforms another series
woLild have a lower RMSE in ali evaluation periods. .'\l a i -month hori/.on,
the economic model cleuriy dominates liif 3-yfar moving average modei
(Figure 2). The time-series modei produces a iower RMSE than the ^-
year moving average modei in neariy all periods. However, the superior
RMSf:! performance of the economic model over the time-series modei,
aithough statisticaiiy signiiicant, on average, is sampie sensitive i>etween

.\llhoLigh lhe iorecasls Irom the olher modeis are sialislicidU superior lo ihe naive model, tbe
economic value ol generating alternative forecasts must eonsi<ier ibe henefils and t osis ol their use.
Rased on the percentage reduttion in RMSL- liable III), the I-month eeonomie foreeiisis of lhe
nondeli\er\ basis provide the greaU'sl poienlial lor generiiting posilive returns over ibe use ol' tbc
naive model.
,V ^ti-mi)ntb interval is chosen because il is nol unirsual lor an industry forecaster or consullani's

performance lo be evaluated over a .-t-yoar lor shorter) period. Addiliiinally, academie sUidies uflen
usp .it) out-of-Siimple forecasts for model t'valLiatii)n. Clearly, as tbe interval is lenglbeiied lhe HMSB
scries becomes smoother and converges to its mean.
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TABLE III
Risk Measures, Eive Hog Basis. 1985.0l-l994.()S

Root-Meatt-Sijiuireil Errors I'frvctit Sif<ii Correcl

hiirccustini' Mnitets

TSI ECI 7.SS ?AI,\ TSS

Omaha terminal marf<et
Allmonths 00331 0 0328 0.0372 0 0367 0 0399 0838- 0 806 0 809 0,801
Delivery months 0 0248 0 0247 0 0266 0 0274 0 0270 0 812 0 827 0 818 0 812
Nondelivery months 0 0419 0 0413 0 0481 0 0463 0 0525 0 856 0 738 0 794 0,767

Illinois direct market
All months 0 0356 0 0349 0,0415 0 0391 0 O40O 0 811 0 743 0 819 0 793
Delivery months 0 0270 0 0272 0 0321 0,0323 0 0294 0 835 0 707 0 826 0,802
Nondelivery months 0 0447 0 0432 0 0515 0 0467 0 0510 0 775 0 792 0 808 0,778

0.814
0 845
0 750

0,826
0,859
0 778

"The modeis are defined in the text
"The percenl sign-correct forecasts are Statistically different from 0 50 al lhe 1% significance level

i 988 and i990. Simiiar tenuous reiationships are revealed at the S-
monlh horizon (Figure 3), where no model dominates for a proionged
time period, aithough the economic modei provides tiie most consistent
forecast accuracy,

Over time, lhe RMSFis do not have an upward trend. At the i -month
horizon, the F^MSEs for the economic and time-series modeis are reia-
tiveiy stahie through time in a narrow hand around A^r oi the futures
price. The RiMSHs ior tiie naive forecasting modei decline somewhat
through time, suggesting that seasonaiity is more important in recent
years. At the S-month horizon, the economic and time-series models
again demonstrate rather staiiie RMSEs through time, whereas the
RMSEs from the naive modei deciine modestiy. it is ciear that these re-
suits provide iittie evidence of increasing i>asis risk with the use of any of
the forecast modeis.

Timing Tests

Tiie Henriksson-Merton regression |ec]. ( i ) | tests ii liie modeis have a
statistically significant ability to predict il the hasis wiii i)e positive or
negative, an important consideration for hreak-even pricing. The resuits
of the MM tests are presented in Tabie iii, where the percent of sign-
correct forecasts are caicuiated as [( i + Ai)/2]. Aii of the forecasting
methods demonstrate at the \7r ievei a statisticai ability to correctly fore-
cast the sign of the basis. Because of strong seasonality in lhe basis, the
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Legend

FIGURE 2

Root-mean-squared errors, roiling 36 observations, I-montb borizon.

Legend
Thte* Year AveragB Economic

FIGURE 3

Root-mean-squared errors, roUing 36 observations 5-montb borizons.
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FIGURE 4

Percent sign-correct forfcasts. rolling .̂ 6 observations I-month hori/on.

timing is iairiy consistent across markets and methods. The sign predict-
ability of delivery and nondeiiver\' months are rougbly equivalent.

Again, roliing sampies of 36 montbs are utiiized to examine temporai
changes in predictabiiity. The HJM tesl is estimated over these rolling
samples. The percent of sign correct forecasts [(i + fi\ )/2] are plotted in
Figures 4 and S. At the I-month horizon (Figure 4), the time-series iore-
casts dominate the .^-year moving average forecast in nearly ali sampies,
whereas, the reiative timing abiiities of tbe time-series modei and the
economic modei are quite sensitive to tbe period examined. As sbown in
Figure S, the forecasting modeis provide littie or no improvement in tim-
itig abiiity over tbe naive modei at a S-montb horizon.

Over time, the sign predictabiiity of the basis increases considerahiy,
with the iast set of forecasts correctiy predicting the sign over 90% of the
time at hotb tbe i- and S-month horizons. Tbus, the ai)iiity to iorecast
the sign of the basis witb tbe use of any of tbe forecast procedures does
not decline over the period, i98S-i994.

DISCUSSION, FURTHER EVIDENCE,
AND IMPLICATIONS

The results indicate that terminal (Omaha) and direct (Iiiinois) iive hog
prices behave similarly and that there is no meaningful difference in their
basis. IVIonthly basis variance bas not increased over tbe period, 1975—
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Lagertd

FIGURE 5

Percent si^n-to^rect forecasts, rolling -^<^ ohsfr\ntions, ^-m<inlb hori/on.

May, i994. In gencrai, ibe economic and the time-series modeis provide
superior basis forecasts reiative to tbe tiaive 3-\ear m(Jving average pro-
ceciure, vvitii the most dramatic improvements evidenced at the i-month
horizon. If one examines the resuits of out-oi-sampie basis forecasts
across tbe ibree procedures, it is evident ihat mean-scpiared errors ba\e
not increased from i98S to 1994. Furtber, tiie abiiity to predict tbe sign
ot tiie basis, as measured by the Henriksson-Merton test, increases stead-
ily through the period. In sum, live hog basis variability bas not increased
relative to iiistoricai ieveis. There is aimost no evidence thai either basis
risk (as measured by the mean-squared error) or the ability to forecast
tbe sign oi tbe i>asis has increased.

Tiie iindings raise severai points about ibe forecastabiiity oi tbe basis,
basis risk and basis pretticlability, atid tbe usefuiness oi live hog iutures
as hedging instruments, it has ijeen suggested that e.vtension economists'
outiook and price iorecasts are nol an especiaiiy efficient use of state
monies [IJrorsen and Irwin ( 1994)]. Providing basis forecasts may be a
viable and useiul aiternative. In this context, identifying tbe economic
vaiue of basis forecasts becomes more important. Wben used simpiy to
form expected prices out of observed futures prices, utility is derived from
a reduction in variability.*^* However, once the forward pricing decision is

''For an example ol' lhe rt-tliiction in vnriahiiity. icmsldtT the RMSE of ECI reliilivc lo lhe siundard
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made, forecasts can be used to time tbe lifting of bedges or to negotiate
basis contracts, wbich can increase the mean of the price distribution.
Tbese decisions, in particular, benefit from short-horizon forecast accu-
racy. Thus, utiiizing forecasts for basis trading is potentially proHtabie to
industry participants, especially for ibose wbo perform frequent short-
term transactions (i.e., packers). Cieariy, tiie economic vaiue of the fore-
casts must be determined within the decision framework of the individual
users and deserves additional consideration.

The resuits raise a question regarding what might expiain the popuiar
concern about iive hog basis risk. In parl, ibe answer may rest on the fact
tbat the RMSE may not compieteiy capture changes in basis predictability
wben tbe variance of the underlying series changes through time. For a
given RMSE, predictability increases (decreases) as tbe variance of the
underlying series increases (decreases). In tbis context. Granger and
Newbold (i977, p. 284) suggest tbe error variance ratio (EVR), which
standardizes the forecast error variance by tbo variance of the ibrecasted
variabie. as a measure of predictabiiity. The EVF̂  is bounded by 0 and I,
vvhere 0 represents perfect forecasting accitracy and I indicates no in-
formation contained in the forecasts.'*'

EVRs based on rolling 36-month intervals are sbown lor the Omaha
market al lhe 1-nionth horizons in Figure 6. ' ' EVRs that trend higher
may be indicative of a basis tbat is becoming relatively more diificuil to
predict as tbc iorccast error increases relative lo tbe variance of tbe basis.
Tbe rolling EVRs reveal tbat tbe forecasts are useful at explaining a sub-
stantial portion of the hasis variance in all 36-month subperiods. The
variance of the forecast errors is less than 60'̂ /̂ ol the basis variance in
nearly all subperiods.

Ibe EVRs provide some weak evidence tbat tbe basis is becoming
more difficult to predict. Tbe EVRs reacb a low in mid-1990 and trend
higher through mid-1993, only to decrease sharply in late 1993 and 1994.
I Iowever, it is difficult to say if predictability has permanently eroded, or
bas simply returned to normai ieveis, or is in the process of im|>roving

dt'viation ol ;i eonsUint /e ro Iiasis lorecast (iissuniiiij; ihal ilie iixerajit' hiisis is /cr<i, liiblf 111. 0.0.^28'i
iind().OS'i''f. rt.'spt'cti\cly. In lerins oIlhestnnclLirdiJfviaiion. .1 hfdjit 'rthat iilv\ays mislakenU fort'casls
ii / e ro hasis has I ,(>8 limes tho price risk nf » hedger usinj^ lhe IX' I model.

'"Graiifior and Neuhold 1 1477) indicalc (hul the \\'H ^ I - H'. where K" is lhe eocliieient of
deltTTiiiniilion Irorii reKrfssiiin. T, = it + bf,. a n d / , is A rational lorefjst [11 = 0. /; = I ). In geniTnl,
at the i-nuinlh Imri/on. regression results indicate ihat the \arioips motlels provide ratiiinal forecasts.
At the T-riionili liuri/nn. r:ttiriiialit\ of the forecasts is rfjeclfd.

The ligurf \OT coniparahic 5-nionth KVHs is not prescjited for hre\i t \ . l h e rankings of the \ariinjs
models are much more tenuous , liiit the gcner^d p^itU'in ol ilic predic taliilily o\cr time is similar to
the results presented in lhe text.
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FIGURE 6

tirror varianct' ratios, roliing 36 observations, 1-montii

again. Regardless, the deciine in reiative predictabiiity (rise in EVRs)
since i 990 couid underiie recent industry concerns about increased basis
risk. Interestingiy, based on tbe ratber stable RMSEs (Figures 2 and 3)
generated by tbe economic and time-series models, tbe source of tbe
increasing EVRs appears to be a declining variability in tbe underlying
basis ratber tban an increasing error in the basis iorecast.

Finaily, the findings indicate tbat live hog basis risk is ratber stabie,
and the basis is not more variabie nor appreciahiy iess predictable than
historicai standards. This is in siiarp contrast to the concerns expressed
over declining deliveries at par markets, Iarge basis variability, and tbe
usefuiness of tbe iive bog contract. This analysis suggests that the use-
fuiness of the iive hog contract has not deciined ijecause of unfavorabie
basis iiehavior for tbe markets considered bere. Moreover, the results call
into question the eificacy of recent efforts to modify contract design and
specification that emphasize the reduction of basis risk as a means of
improving tbe performance and stimulating trading volume of ibe iive
bog futures contract. Aiternative expianations not reiated to the perfor-
mance of the contract may exist. Cbatiges in tbe structure of tbe hog
industry with movement toward aiternative, less costly means of manag-
ing price risk, such as contracting or increased vertical integration, may
have reduced the use of the futures contract. Similarly, tiie emergence of
iarge-scaie, high-voiume, hog producers who market frequentiy, thereby
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receiving average price over the production cycle, also may have reduced
the demand for the use of futures contracts as hedging instruments.
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