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- _avallable for- mly the last few years, S0 the questlon addressad by o
 has mly recently beccme a researchable top__ The mrcwl for'

o __quarterly, refer to spemfzc cash markets, and oover a mmber of G

AGRICULTURAL COMMODITY PRICE FORECASTING ACCURACY:
FUTURES MARKETS VERSUS COMMERCIAL BCONOMETRIC MODELS*

Gordon C. Rausser and Richard E. Just¥*

I. Intméuctwn

Futures markets are generally believed to contribute a positive social
value for two substantive reasons. First, they provide a :x-narket?lace for the
transferrj.ng of risk from producers to speculators via hedgmg Semnd, they
are generally thought to provide forecasts about prices in futures contract |
months and thus contribute important information to theprwess oﬁ;_déci-sian
making under risk in the related markets. This paper fﬂcusesm t.he secomi

rationale and attempts to evaluat:e the prme forecastmg mformatwn embodmd

- in agnazltural futures market pr:xees by eanpars.ng thh rcz.al prwe fe\rem_ '

casts available fran other sources. To the extent that futures market prices
are more accurate predictors of futures spot prices, the futures maé:kets in~
deed supply a beneficial forecasting service.

Commercial forecasts of spot agricultural compodity markets hav'e been

The fzrms that generate and sell these forecasts, largely to agmbusmess o

*The authors gratefully express their appreciation for the timely and com-
putational assistance and suggestions of Efraim Gutkind, Joseph Yassour, Joe

‘Moffitt, and Elaine Borkon. Furthermore, this paper would not have been pos-

sible mthout the helpful assistance of Ray Daniels of Chase Econometrics;
Allen Dever of Doanes Agricultural Service, Inc.; Bruce Scherr and Bill

Conners of Data Resources, Inc.; and Dean Chen of Wharton ﬁzanmetmc

Forecastmg Associates.

**Gordon C. Rausser and Richard E. Just are professors of agricultural and

. regource economics at the Umvers:.ty of Califcarma, Berkeley.
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“'companies, include Chase Econometrics; Data Resources, Inc.; Doanes Agricul-

tural Service, Inc.: and Wharton Econometric Forecasting Associates. Other
firms provide gualitative rather than quantitative forecasts, i.e., range
forecasts under alternative scenarios. The quantitative forecasts of the
above~listed firms are generally based upon large~scale U. 8. agricultural
sector models which specify formal links among individual commodities.

Same of the literature on futures markets questions the quality of futures
prices as forecasts (Working, 1942; Tomek and Gray; Labys and Granger).
Working, for example, states that "it is not true that future prices affox:é
forecasts of price change in the sense in which one speaks of the price fcre»-
casts of a market analyst.” He goes on to state, however, that nelther: is it
true that future prices provuﬂe o sort of forecast of prl-ce change. " In aﬁ— b
dltmn, much of the recent oonceptuai work on futures markets views futures
prices as rationally based expectations (Danthine; Peck; Feder, Just, and
Schmitz; Turnovsky; Andersen and Danthine)., Same recent empirical evidence
also strongly suggests that futures prices play an important role in the
formation of producer price expectations as wen {Peck* Gardneri} ;/ T

’1‘he chlef dszicu}.ty with the llterature on futures markets is that no
mprehenswe mnceg)tual formulatlm has been advanced to expia:m i:hezr be—-
hasz_mr. Of course, numercous part-;;;:;. conceptual fr-amem::ks- have_-- agpeared- in
the literature including normal backwardation (Reynes; Hicks), convenience
(Raldor), storage (Working, 1949; Brennan), and stochastic search or

R WM e W M e MR TR e A dmm R AR v e M e A mm see WA e e TR W M MR me W ma W W ma Mm s e W am e e

1/ Much of the available literature on futures markets has interpreted fu-
tures prices as an expectation of the spot price at the specified contract
date, Some of this literature has suggested that, if this expectation has
appropriately formed, the futures price is an efficient price. (Samuelson)
Recently, however, Danthine has shown that, even if the Futures price is not
the -expected spot price of the contract date, the market may be efficient.
Others have shown that, with wealth effects and risk preferences, futires mar-

Q kets are not generally efficient (Piglewski).
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for forecastmg purposes_, predet:ermmed vaa:zables must be f@recasted which i :

“turn are transferred via est:.mated ‘causal hnks mto ferecasteﬁ

fu},ly documented m the eeonanetrz.c hteratm:e as speczflcatlon errors—-e g_.,

o 'gatlm, and 'tbe';llke. _ In the case of futures markets

3.

informationally based theories {Grossman). None of these theories is suffi-
ciently comprehensive to explain price levels and variations in forward mar-
kets. For example, a comprehensive formulation must admit (1) several groups
Qf mar.ket both rational and irrational and informed and uninformed, (2) risk
aversion, (3) wealth limitations, (4) imperfect capital markets, and (5) trans-
action and information costs,

In the case of ecometric forecasting, a simple analogy can be estéb»

- hsheé between the process of - genex:atmg pr;ces fr@m futures markets and that_

' generated from aconcmetnc models. System ecomnetrzc mode].s attezr@t t:o

speczfy the causal lmks between greéetermzned (th excgerwus ané lag 'ed enw_ o
dogenous) varxables and j-omtly determined variables. In using these--mede}-.s

pr}.CES. PR

S
Clearly, errors can arise at two levels: (1) in the forecast of the pre-
determined variables and (2) in the estimated causal links. Both types of

errors are frequently encountered in econcmetric forecasting with the latter

| ":Men quantatatwely speclfied* but ina quahtatxve or

aggregate mental pmcess of the market must perform much the same role as the
econometric model. The aggregate judgmental vzews of all partlca,pants must
form expectations or forecasts of important exogenous influences, e.g., plan-
ning intentions, yields, consumption, export demand, etc., and transmit this
JAnformation into a futures price. Errors can be made in formulating forecasts
of the exogenous information or in the transmission of this information into

an observed futures price.
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The efficiency norm established in the literature on futures markets serves
as a basis of comparison for specification errors in the transmission of exoge-
nous -infcsr:mation into observed futures prices. These errors can emanate from
irrational market participants, uninformed market participants, risk aversion,
wealth limitations, imperfect capital markets, and alternative transaction and
information costs. There is no evidence, empirical or a priori, which demon-
strates that these error sources are more oi: less m@ortant tﬁan the Spécifim

cation errors that arlse in eooncmetrz.c models. :

One means of evaluatmg the forecastmg abz.l:.ty Gf futures mrkets. J.s to

mvestzgate the predzctwe aecurar:y of futures marke{: prwes for subsequent

spot: prmes relative to other forecastmg mthods—-—speclfmally, ennemet ©

forecasts.. Such oompara.sons are mt only operatzmal but als:o usefu

ment of the relative errors of futures prices versus econdmetrically generated
prices. With this in mind, the basic spirit of thzs paper is to detemme the
accuracy of the futures market relatwe to other forms of price foxecastmg

for va-'r:icus forecasting horizons.

Are futnres markets mre or 1ess acacurat:

::cast.'m.rizm, e. g., is ene mre ééburate for Y, a one-qu re
.another more accurate for a two—quar:ter or }.onger texm farecast” Is the relaw.
tive and-absolute forecast acx:uracy cxxmodlty dependant? what unprcvemts in
forecasting accuracy can be achieved by formally c_m.ﬂal;mng futures ma;ket;s and
commercial econometric forecasts (Johnson and Rau'sser)?
This paper addresses the above issues. by ccmputmg tm stat1st1cal measure
of equality, root mean squared error, of the Chase, Doanes, DRI, Whartan, and
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futures market price forecasts of average quarterly cash market prices over
the period 1976-1978. The commodities examined include corn, wheat, cotton,
soybeans, soybean meal, soybean oil, hogs, and live cattle. Four different
measures of quarterly futures price market forecasts are generated, and formal
cxmpoéite forecasts are derived. One-quarter through four-quarter .'forecast

horizons are investigated.

1. The Futures M_a_rket Price Forecasts

For some commodities, several fui:ﬁres im&s:ketsr{.éxiét' whlle for Gthers only
a single futures markets exists. Since our focus does not ‘adﬁresé_'alimi-—
son of futures markets, we narrow the alternative price forecast pbss-ibiiities
by using the Chicago Board of Trade prwes for wheat, corn, sc:ybeans, soybean L
‘meal, and soybean oil; the New York Cotton Exchange for” octton, and the ‘
Chicago Mercantile Exchange for hogs and live cattle.

Given the specified markets and the desire to generate p:;__io'e foreca‘sts, an

issue arises as to the appropriate filter of futures market prices to use as a

predictor of spot price for the contract. month One apgroach to. thls problem
. ..18 to solve £or an optimal fﬂ.ter of futures market prices in ¢ =
in predzctmg spot prmes in contraci: amths._
‘ever, is more intuitive and is deslgned to be compara le;_mth .mrmal fosz'a-;'_ '_
casts Wthh are be made at different times of the month. For exaz@le, 1f an
econometric forecast is made in the early part of a month, futures pmces may
be observable anly over the first week of the month. If a commercial forecast
ie made in midmonth, then futures prices in the midpart of the month, which
Presumably embody the latest information, may be more .appropriate fer cmgarr-
son, | If commercial forecasts are made late in the month, then all fatures

prices during the month may represent the available alternative information.
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Or prices later in the month may entail more market information. Thus, the
last price of the month may provide the best forecast of spot prices during
the contract month.

Consistent with these considerations, fox;x;r futures market prices are used

to compare with the econometric forecasters:

1. The average of daily closing prices for the first (full) week of the
month.

2. The average of da_ily closing prices for the midééek of the month.

3. The average of daily closin’g prices over the entire month.

4. The last-Friday closing price of the month.

 In each case the prmes are constructed frcm dally closa.ng prlces undex the
presumption that closing prwes aéequately reflect the mformatmn wh:.ch has
impacted on the market during a particular day. _

Due to the quarterly temporal dimension of the econometric forecasts, an
issue arises as to which contract month for a futures market should be used to

represent the forec:ast borizon. That is, should an econmetr ic farecast far

1ive cattle price in the second quarter of, say, 1988 be reé w__‘ the S

_mrrespmdmg Apml or June futures contract prme" In some quar._
"tract: ‘exists so that no chome is avallable.. In othe:: quarters, hewaever, :

two or three contracts may be applicable. For the purposes of this _,sg:tx‘iy, the
" midmonth in each guarter is used when available. If a contract doés not exist
for the midmonth, then the contract for the latter month is used since prices

of these contracts would tend to use more of the information that would affect
average guarterly spot market price than the first month contract. Of course,

the first month contract is used if no other contract exists in the quarter.
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Thus, the particular futures contract months which are thus used for compari-

son with the econometric forecasts are specified in Table 1.

III. The Comercial Forecasts

To determine an appropriate set of time periods for comparison, it is
necessary to consider the operation of the commercial forecasting firms in

terms of longevity and frequency of forecast. All four firms considered in

this study began eperat;.on during 1976 with the flISt mxczal A oA

sach case appearmg in the latter half of 19'?6. The frequenay Iand hmuzcm of

:.-.tbe respective forecasts thereafter are indicated in ’I‘able 2 for the._’_e;.ght -

major agmcu-ltural cosmlodltxes examined by our analysis. In e_a,ch case; fums

_- made forecasts ‘on a scxnewhat 1rregular bas1s mitlal}.y but then sett 'ed dowm

to a regular pattern in 1977. Szme Apra.l, 1977, nRI‘s forecasts' have been

monthly and cover forecast horizons from one to eight quarters. Smce- June,

one—- to eight—quarter horizons on a bimonthly basis. Wharton has' fo:ecasted

or f@ur quarters.

IV. The Basis of Comparison

Based on Table 2, the choice of an appropriate time period for the com—
parison is somewhat unclear. On the one hand, operations of the econometric
forecasting fzms were somewhat erratic until sometime m the flrst gart of

1977. On the other hand, the need fm: reliable carzpamsons necesmtates usmg



TABLE 1

Futures Market Contract Prices Use As

Predictors of Quarterly Spot Prices

. Commodity |

Market

I

Quarter -

ATT

-

{ cotton
Soybeans

| Soybean meal
‘Soybean oil

| Hogs

““I'Live cattle

| of Trade

| Chicago Board

of Trade

Chicago Board

| of Trade

1 New York Cotton

Exchange

Chicago Board
of Trade

' Chicago Board

of Trade

chicago Board

| chicago Mercantile |

Chicago Mercantile |

Exchange

1 March

| March

March

March

March

| Pebruary |

February -

May

- May

May

May

May

June

| September |




TABLE 2

!b:mst Frequency and Horim of Major
Ommrcial Booncmetric Forecasting Firms
T July, 1976-December, 1978

- _forecast -

ﬁheat, "COETL, rsbttm,_
and soybeans L

SoyBenn B11
and meal

Hogs and
Jlive ,.,attle

(mase

1976

July
August

Ogtober
Decomber

1977

January
February
March
}!@ri}.

July
August
Septaxber
October
Novenber

qua;tem- .

i P

-9
"o v o3 @ o W o &

e oy ?

@ ke Mmoo o™ ®

M A o

o

A o O

w
LTI - - -~ - - - -

{Continued on next page.)




TABLE 2—-comitinued,

| Whest, 5o, o T | T Hogs and
Date of SR Live gotie__
forecast Chase | boanes | DRI | Wharton | Chase | Domnes } | wharton
quarters . - '

1978

January 8 6 8 6 8 3
February 8 3 8 7 8 8 7 8 3 8 7
March 8 7 8 7 8 7
Bpril 8 4 8 6 8 8 6 8 2 ] 6
May 8 6 8 6 8 &
June 8 8 6 8 8 6 8 8 6
July 8 5 8 5 8 5
. August 8 4 8 5 8 8 5 8 3 8 5
September 8 8 8

October 8 8 7. 8 8 8 8 7
November 4 8 7 8 7 2 8 7
December 8 8 8 8 8 8 8 8 8 -

gf Reports a £orecast alm for m:tm ptiae maae in: April. 1976, bit this forecast ms emmded from the analysis becmm other firms were mot
operating in comparable time periods. .

b/ Blanks indicate no forecast.

P
<O
.
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as many forecasts as possible. In addition, because not all forecasting firms
have been making forecasts at the same points in time, a concern arises about

canpérability. Conditions may exist which, by chance, imply more instability

and involve less information for one firm's forecast than for another's. For

example, part of Doanes' and DRI's forecasts for corn in 1976 are made before

the corn ﬁarvest while Wharton's only corn forecast in 1976 was made after the
corn harvest was essentially complete.

In view of these oonsideratidns, two sets of eomparisms are devel-opeé in

this paper. The first set of comparisons is based: on ‘the best forecast avall-—'

o able from each source by month for the period December, 3.976, through Becember,

19'78. The forecasts prior to December, 1976, are excludeé from the analys;s

~since not all four firms began forecasting on a q@t_n?g_te};_gz‘;_al; basig until that o

Y time, Moreover, at the time of this study, actual prices Qfor"-%he_:sﬁﬁ:
quarter of 1979 were not yet available, so there was no point in-considering
forecasts made after December, 1978. The use of the term, "best available”

forecast, implies that each firm's forecast in each month is taken to be their

S 1atest gxlbllshed forecast. For example, if Doanes makes a forecast m Apr:.l, _

97"?, and then does not make ancther forecast m‘xtll ﬂugust . 1977 v

. Bpril. forecast is used as Boanes’ best avallable fox:ecast in 1 i
_May,‘ St}ne, and July. For custcmers who nee& prme forecasts on a.iragular
bas:Ls for decision-making purposes, it seems that thzs type of ocxnpamsm is
 more meaningful than simply ccmparmg the forecasts only over the set of
months in which they are actually made. Admittedly, however, the comparison
should tend to be biased in favor of DRI which revises its forecasts monthly
and against Doanes which revises its forecasts only quarterly.

To determine the extent of this bias and to develop more information about

the actual forecasting ability of each firm as opposed to the futures market,
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a second set of comparisons was also constructed using only those months in
which all firms (excluding Doanes) actually revised their forecasts. Thus,
for éll of the commodities except soybean meal and o0il, the comparable months
are February, April, June, October, and December of 1977 plus ’r"ebruary, April,
" June, August, October, and December of 1978 {Table 2) The om@arison for
soybean meal and oil includes only these months beginning with October, 1977
(Table 2). These comparisons are still not strictly fair to Doanes, but using

those months where all four flzms revise forecasts would ys.e}.d only four

o .' Qbservatlmmcermmly such data 5"’ not Prov:xée the basxs for drawmg relx-:
able 1nferencxzs. 3 i : _

'mese two sets of oompanscms are developed usmg WO statlstzcal measures

.____of qual:.ty—-—-root mean squared error and root mean squared Per

i pue to ‘time llmltatlms and the éeslre o' smphfy the repor ing’
other measures of quality are not investigated here. Moreover, as suggested
by the St. George et al. study, other types of measures—such as mean absolute

‘deviation and Theil U coefficientg~generally lead to the same rankings of

forecasts for the forecasting problem considered here.

gence ;‘.}f prices 1n‘- lészérent mrkets. Also, in usmg futures market pmces as
fm:ecasts of spot market prwes, one must cons:.&er other factox:a snch as caps.-—
tal.:cos,ts,_ compissions, and risk which may be reflected in futu:e-s;_ppmes._ To
account for the effect of these factors in making the conparistms -wftﬁout
actua}.}.y 1sc>1at1ng the uﬂlvzdual effects, it is asswneé that the basl,s (or
d;fference in przces} due to these factors is approxmsately mnstant {at least

-over the two-year year period of this study) exther. in an addxta,-ye.; _gense or in

ntage-.,: Brrory - .
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a multiplicative sense. Thus, the price forecasts are analyzed only in terms
of their deviations from longer term average levels either in an absolute or
percentage sense. In the former case, which corresponds to a constant addi-
tive basis, the comparisons are made using the root mean squared error where

the error is given by

(pt;t‘!"h - §) - (Pt"f“h - ﬁ) &= {ptrt"f‘h - Pt,t‘i“h’ - (ﬁ - f’}

where
| pt t4h = = forecast of pmoe fo;: time t + h made at time t.
f) = average of forecasted prices over the period covered by the root
mean squared error calculations. |
i act_t_;a_l ps:_ice at time t.
i3 - aiférége of actual pri'cés over the period covered bythe oot
mean sguared error ca}_culatim.y
h = forecast horizon.

The root mean squared percentage error which corresponds to a constant multi-

‘plicative basis is caloulated as the root mean square of-z-/

i]

ke

Pesn ~P P

i

o
ol
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1/ Note that, to maintain equal weightings for actual quarterly prices, the
means are computed using only one forecasted and actual price per guarter. To
increase comparability, these were selected so as to correspond to new fore—
casts for as many firms as possible. _

2/ To allow for the possibility of a changing basis, statistics of compari-
son were also developed on the basis of first differences, e.g., the root mean

square of (B¢, t+h = Pt-1,t+h-1) ~ (Pt+h — Pt+h-1) but these statistics can
penalize forecasts for frequent revisions even when forecasts are relatwely

accurate.
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V. The Comparison of Forecasts

The statistics discussed above are reported in Tables 3 through 10 for the
eight respective comodities. For those cases where the econometric firms are
forecasting different spot prices, the futures market prices are evaluated as
forecasters of each of the spot prices used by econometric forecasters ,-3-‘/

As can be seen, there are some rather surprising differences in the per_fow
ance of the futures markets as forecasters of the different spo’t max:ket
‘prices. The largest dlfferences, however, oceur w1th cotten (Table ’5) whz.ch
is explamed by the fact that DRI uses .cotton Imt price whereas Qt:her fn:ms
use actual cotton prices, Since. the two are really alfferent prodts,the _'
results are not surprising. For this reason, however , the oa@arlson of fere--

‘ ‘casts of cotton price, at least in %:he case of IQRI, must be: l_

some _cau-tmn. Similar ooncerns must a}.so be bome in mnd for the f}.rms whmh
use different price series for the other commodities, i.e., Boanes 3‘:03: wheat,
corn, and soybeans and DRI for wheat.

A careful evaluation of these differences can, in fact, $uggest the extent

';'pls.catwel}.y, then the" futures market; should foreeast _both_ 'er

- price series with the same root mean squared ‘error exther"in abmlutse Or per-
centage terms. With this in mind, one can note that there are some differ-

ences in both senses in the performance of the futures market as a f;:a__récasmr
of different spot prices. However, except in the peculiar case of abt_ﬁan, the

e dwm e e e e e e e MR s e W W M M Mme  eae e e Mer  vEm  wmn v e e G WM WAR AR R aE M W e e e e e e

__/ In the case of wheat, however, the futures market is compared t6 the spot
price in Portland, which is only one of the spot prloes averaged together with
Kansas City price, to arrive at the actual price series employed by ‘DRI.



TABLE 3

Wheats “Comparigon of Eest*ﬁoﬁ;h;yisdge"n' “”*“_ahle, Futures Markets, an¢ xcanometric Hadels. Becember. 1976, Through December, 1978

' - Comparison of-fﬂrecagta-mag at the same
Beut monthly foteeast available e, o e PRARES da Cim
_ Faregas: horizon (quarterl} o o Forecdst hortzon {quarters)

. Forecast 2 3 AN ) 1 2 | R 4
i ﬂﬁuaredarror-number of abs tvations | " reot. meansquaradarrerwwnumber of observations
: _ _ Lroor mean syuared percentage errox) ] ... {root mean sguared percentage error)
; | Ecenometric firm T :.'-ﬂ' b ]
; © - Chase ' - ,z?ga425-zi-i'.333-22 .386-~19 | .4BO-~16 «254=-11 .323--9 1 L3628 4906
: S €948 . (11.6) (13.3) 7} (16.5) (8.7) (11.1) (12.5) (16.9)
: Dosnes : .323wwzs;:b 401-=22. | .440--18 | .588-w7 | .308--11 «395--9 | .383--8 +512=-3
; (L R (s6.9) | (22.D) (11.8) (15.1) (14.8) (19.7)
% DRI CaBlBen s ] ATR--22 £561--19 . .668--16 | ,295--11 ~435--9 . 480--8 + 5896
f (10:4). -} (15.6) (18.0) 2L 9.9) (14.2y (15.4) (18.9)
Wharton : 2665257 1 . L368-=22 | L440--19 | .589-216 +212-~11 3359 « 3748 5786
e e (15.2) (20.3) (1D (11.5) (12.9). (19.9)
_Futures market as a forecast of No. 1 | . Ll
Hard Reﬁ_?;nter; Esneas - City prices A - .
First week average SRS . [T} G14==19 | .600==3 2723l + 349~-9 +» 3198 4381
1 124 6) (14.1) 1. €20.4) 5.3y (12,0) (10.9) (14.9)
Middle week average ~:G.393-—22 S HEl--19 P L 659-23 S302--31 + 41 3==9 4D + 5561
Sl (13.4) (15.0) g . (10.3) (14.1) Qas.n (18.8)
Honthly average 37122 L417--19 L6053 | L 278mwil 375-=9 | 3598 .480-~1
Qaz2.1n (14. 2) e (95 (12.8) {12.3) {16.3)
Last Friday closing (413w19 " S 26111 J364=-9 1 L368--8 | .490--1
(14.1) (8.9) (12.5) - (12.6) (16.7)

Futuras market”ag & forecaut of aver~
ge - p sived by farmera

-Firat weaﬁ average +373%~1% :f;Lf.. ‘ .2&3*-11__ #3129 | ,2B6--8 « 412w

- (13.7) (1.0 - (10.6) (14.9)
" Middle week average D219 J37T--9 . 3648 530-~1
' ¢ (14.6) 0 ( {13.8) - {13.2) (18.8)
Monthly average - +.335--22 37819 T 246511 #3399 f L3208 | .A54--1
©{12.3) 1 i ; (0.1 (12.6) (11.8) (16.3)
Last Priday closing a332--22 378--19 <} .5 1 L239e-n1 Cu33049 | 3208 YIRS
- (12.2) (13.8) (B.8) {12.3) {119 {(16.7)
|| Fatuves warket as .2 forecast of T
| expott pr wrtland :
| Pirst veek average 44019 £ 366=-9 . 3748 422wl
o : 1 3.5 (10.9) a8 (13.2)
Middle week average - : L377--22 ] 46319 A16=-9 [ A39—8 | .540--1
L 5 : N ¢ U5 B 12.6) - {13.5) (17.0)
Monthly average . 63--22 | . .446~=18" . .386=-9 | ,402~-8 <464=m1
' L - ) 0 - Qan (11.6) {12.3) (14.5)
" Last Friday closing 1 J4ke=-19. -9 ] .395--8 AT6mm1 -
R _ | aaey. REcs Y {12 0) (15.0) L

‘other thies: firms B




TABLE 4 |

‘Corn? Comparison Qf neat Honthly Forecast Available. Fututea Markets, and Beonometric Models
Docember, 1976, Through Dacamber. 1978 -
Comparison of forecasts made at the same
Besc ‘monthly forecast available . points in time
. . 'tacas: horizon {(quarters) - i . Forscast hordson (quarters)
Yorecast -1 : LR 1 3 4 - 1 I 27 ] 3 ] 4
root maan squared erroy~-number of obuervationﬂ root mean squared exror-&number-of observations
{root mean squared petcentqg__ﬁrrét) {root mesn squared percenthge error)
Econometrie £irm
Chage + 29025 + 34622 +310-~19% +264--15 +28%-11 +337~~9 -201=~3 .3076
(12.3) (14.8) {13.2) {11.1) (12.3) (14.4) (8.4) (12.9)
Doanes « 33925 .392--22 +355--18 + 3037 + 36411 «H04=nG + 2358 <2573
{15.5) (18.0) (16.1) (13.4) {16.7) (18.5) {10.5) (11.3)
DRI « 26625 «310-~22 +300--19 +161—-18 +248--11 +298—9 "+ 0978 «166-~6
(10.7) (13.4) {13.0) - (6:9) (10.8) (12.9) (4.0) (7.3
Wharton + 23125 226422 «194—19 18116 +236-~11 » 269wwg +134w8 2122~~6
(10.0) 1 {11.5) (8.4) {1.7} {10.3) (10.9) {5.7) {5.1)
Futures market .as 8 forecast of
No. 2 Yellow, Chicago prices _
First week average + 26825 «328--22 +307--19 +188--3 +284-=11 « 348wt w2178 L0%-=1
(11.4) 1 {14.0) (13.0) (7.6} {1z,1) (34.9) {8.9) (4.9
Midweek average 2 2664m25 +341m22 +332--19 « 2753 « 286--11 » 3688 «230--8 2+ 264-=]1
(11.2) (14.4) (13.9} (11.3) (12.1) (15.6) £9.4) {11.8)
Monthly average 2253==25 | .333--22 «325%-19 2 232m3 +272-=11 #3518 L2178 . 214~~1
(10.8) - {14.2) (13.7) {9.6) (11.6} (15.9) {8.9) (5.8)
Last Friday closing +235-=25 33922 +352+-19 2583 +254=-=11 + 342009 «214~~B + 2711
(10:0) {14.48) (14.9) {10.6) (10.5) 14,7} (8.9) {12.1)
Futures market as. & forecast of
average prices received by farmers .
First week average F246-w25 | ,319—-22 +293--19 42233 4 266#-11 23329 .228~8 .008--1
(11.0) 1. (k6a2) (12.9) 491D (12.0) (14.9) (9.5) {2.0)
Midweek average J245wu28 1 033022 «317--19 #2803 C W270s1% <3479 Ry T 178mw
{10.7) | (16.6) {13.8) -(12.0) _ (12.0) (15.4) {10.2) (8.8
Monthly average ;23%em25 | 32222 30919 252-=3 . [ .256--11 +333-9 23048 128--1
10,3y . (1A, {13.6) (10,5} B S 63 B0 {14.9) 9.7 (6.8}
Last Friday closing .2i3--2§ Tp LB T2 33519 e ok B » 226--11 +323--9 « 2278 +185wel
(9.4) ° 1 (14.6) (14.7) “(HL.2) (10.3) (14.5) (9.7 (9.1)

4/ Note that the best available forecast is used:

Jngéiin periods where new fﬁ:‘__qfu aié”mﬁﬁé’byiéhe other three firms.

"9T



TABLE 5

Cotton: COmpafiaon of Bent Mbnth1y Forecast Availabie, Futures narkets, and Econometric Models
T December, 1976, Through Pecembér, 1978
. _ Comparison of forecasts made at the same
. Beat monthly forecast available points in timed/
. - “Forecast horizon (quarters) ' . Forecast horizon (guarters)
Forecast R SR [~ 3 I g 11 z. ] 3 ] 4
tooﬁ-maagﬂsqnqre& error--pumber of observations root mean squared error--pumber of observations
[(root mean pquared percentage error) {root mean squared percentage error)
" Econgmetric firm
Chase 7.43~~25 10.43--22 12,2119 ';1.49wm16 7.43--11 11,399 i2.11--8 12,01~~6
(12.5) (17.5) {20.5) _(19.3) (12.%) (19.1) (20.4) (20.2)
Doanssg 6 53—-25 8.39-u22 8.47-~-18 6.58--7 6.35—11 9,389 8.23--8 7.01-~3
ay o ] (6.2 (14.4) (11.2) (10.8) (15.9) (14.0) (11.9)
DRI  5.52--25 B8.31--22 11.29~~19 14 .53--16 6.09--11 %598 12,88--8 14,626
(10.2) (15.1) (20.4) {26.4) (11.2) {17.4) {23,3) (26.6)
Wharton 9.,15~--25 10.93--22 12,19--19 10, 80~~16 6.84~-11 9. 95wwG 9.92.-8 7,676
(15.5) (18.6) {20.9) (18.%) {11.6) (16.8) {16.9) (13.1)
- Futuree wmarket s a forecast of
; averaﬁe prines receivad by farmats
' Pirst week sverage . 7.54=528 9,70—-22 10.47--19 13,076 8.03--11 10.13-=9 9.25.8 11,92--2
(11.6) {15.1) {16.4) {20.4) (12.3) {15.9} {14.5) (18.5)
Middle week average 6.78~=25:. %4122 10,32--19 } 13216 7 54w-11 18, 22~-9 9,788 12,342
{10.2} (14.5) (16.0) £20.3) (11.33 (15.9) {15.2) {18,6)
Monthly average _6.71—*25..9 - 9.38-~22 10,224-19 51238?—-6 - 7 3411 5.97-~9 . 9.26--8 11.20-=2
{10.2) - | (14.6) {16.0) £20.0) 1 £311.1) {15.6) {14.5) 17.3
Last Fridey closing 6.23--25 8, 5422 10.14--19 12,45--6 | 7.23~-11 9.84--9 9.18--8 160,13--2
9.8y, ] (14.8) {15.9) (19.3) . (10.9). (15.4) (14.4) {15.7)
! Putures market ag a forecast of cotfon
i lint, upland cotton, USDA prices o 4 _
Firat week average 60225 1 6 F2wm22 8,23--19 T 10 A9web 6,1 711 6.81--9 8.09w8 9. 752
(8.8 '='(30 2) (12.9) 1. €16.2) (9.2 _ (10.5) (12.8} {15.1)
Middle week average 56425 B 5B22 8.08~-19 ‘| 10,596 6,22x11 71.06~~9 8. 34w8 9,.57-=2
(8.0) 1 (9.6) €12.4) {16.0) (9.0) {10.5) {13.0} (14.4)
Monthly average §.5225 {1 . .6.39--22 7.92--19 10,246 | 5.87--11 6, 71wy 7.87--8 8,752
(.o} (9 6) {12.3) L)) (8:.6) | (0.2 (12.4) (13.4)
Last Friday closing 5,500025 |0 6.57=~22 | 7.82--19 .. 9.84~6 -]  5.B6--11 6,728 7.80--8 7.70--2
: {7 8} ,(st) {12.1) ~{15.09) 1 -(8.6) €10.2) {12.3) {11.8)

af Note that the best available forecsst 1qlu§éd.ibﬁ_ﬁﬁgﬁgéfin-petiods where new forecasts ar@fﬁaﬂe by ‘the other three firms.

[
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?ABLE 6

Soybeans? Hmnthiy ?erecast Avaiiahig ®

ptures . nhxkets, and Toonomnetric Models .
‘December, 1976, Through December, 1978 ~ W'
CQﬁﬁarisun'sf fgnﬁcasﬁi-ma&‘ at the pame
. aeat monthly forecast avatlsble “points dn time®
- ;he: horizon (quartets) = L " Porecast horlzon (gquarters)
Forecast B 3 R R A D | 4
el - &rror*wnambet of obperva Tons root mean. squared error--pumber of obssrvations
(romt mean gquared perceéntage extor) Lroot mean squared gercentage error)
| Econometric firm _ 8
Chase 1.58--25 | 1.12--22 1.046--13 1.16--16 1.64=-11 1.19--9 1.03—8 1.28--6
(23.2) | 116.4) (15.4) (17.2) (24.1y {17.6) (15.2) (19.1)
Doanes 1.30--25 1.02--22 1.04--18 491—-7 1.39-=11 1.03=~9 1.01--8 .82--3
(19.9) (15.6) {16.1) (14.4) {21.3) {15.6) {15.5) (12.9)
BRI 1, 4025 £.37--22 1.08--19 1.09--16 1.50~-=11 L 4h—9 delb-~B 1,156
(20,4} - {20.0) (15.8) (16.1) {21.8) {20.9) (16.7) (17.0)
Wharton L4705 1o86~n22 1.40--19 |- 1.25-~=16 1.62--11 1.63-~9 1.54--8 1346
(21.9 - {21.8) (21.1) {19.1) (24.3) {24.5) (23.3) (20.6)
" Futures market as & forecast of
No. 1 Yellow, Chicago prices
First week average 1. 47~~25 142022 1+09--19 1. 04—-9 1,70--11 1.25-~% 1.13--8 1.07--4
€21.0) (17.2) {15.6) (14.9) (24.3) (17.8) {16.2) {15.3)
Midweek average 1.37-=25 | 1, 24==22 1.15--19 N Y 1.53%~11 1.20--9 1.10--8 1.07=wd
(8.3-. - fﬁl?;ﬁ) {16.7) ) (lS 13 (21.5) (16.8) {15.4) {15.0)
Monthly average 1:35-=25 | 1.22--22 1.11--19 | - L.04—9 " 1.52#<11 1.19-~9 1.08--8 1. 0bwnts
(ag.0y - - lan (15.7) ©(14.6) 21.4) 16,7 (15.2) (14.6)
Last Friday closing 1.28~<25. i 1,25--22 1.18-~19 - 1,09--9 143 1.18==9 1.09—8 1.07-~4
(17.9)." - @15} (16.4) {15.1) (16.5) {15.2} {14.8)
. Futures parket as & foredast of
- averape prices received by farmers I _ - . S
First week average 1.394w25 . 1,10--22 $99--19 | . 096--9 | 1.6kl - 14138 1.02~-8 + 39t
€20.1) (16.0}% {14.3) (13.8) 2(23.2% (16.3) €14.8) {14.2)
Midweek average 1.30-+25 11522 1.05--19 3. 01-m9 1e85--11 | 1.09--9 1.00--8 9Tt
{18,5) (16;&) {14.8) (1&;0) :(20.6). (15.4) {14.1) {13.6)
Monthly average L. 2?--25¢ 1412-=22 1.01=19 | 1 .i86wwd .1153*m11. - 1.07=~9. 978 » Yyl
(13 2y ;.A:{iﬁyl) (14.4) 413:5) S 1 S as.D) {13.8) (1313
Last Priday closing 1.22--25 | 1:16--22 1,019 | 1.02—-9 | 1. 23-“1;"” 1.07--9 998 9T
(7.2 1(16.4) (15.1) ;{Iﬂ:ﬂ) -_(13 0) ' {15.9) (13.8) (13.4)

"8/ Note that the hest avallable forecast 18

ﬁu,#étiﬁﬂﬂnﬁgég§ heﬁ fo

;i ﬁa:dfé.ma“éfby'ihg;ﬁth&r three firms.




TABLE 7

Soybean Meal: COmpatiaon o£ Besu ‘Monthly Forecast Availsble, Futures Markets, and Econometric Models

December. 1976, Through December, 1978

_ Gamparison of forecasts made at the same
ﬁeat monthiy forecast avatlable . . painta dn- vime
_ R at horiznn (quartera) - R S on - {au
Forecast 3 i SR S SRS SR : A
3 rtarmmﬂumﬁzr of ebaervatians CF. Took: &eﬁ .sqnarex‘e fnr*“numbtt of observations
an Bquared percentage error} {rant nean squared peteentagﬂ error)
‘Econématric firm

Chase 11. 19;415f 11.38--12 | 21,11--9 3%, 6h-=b C10.98-<8 | 11.92--6 18.18--5 11,12--3

: | 6.7 BEE (12,7 (19.0) (6.7 (7.1) (10.8) (18.8)
BRI 43 &5-25{f CR6.29--22 | 26,0718 | 26.77—16 |  16.47--8 21,486 | 21.36-5 33.48~3

(25.9) ) {15:5) - {16:1) {10.1y (12.9) 12,9 (20.0)
Wharton 46. 32~~25- ,.f $32~m22 44,03-<19 | A1.72--16 | . 7.57-8 16, 04==6 24, 30--5 30.47--3

1 (28.0) " :_'(30 53 26.8) (25.%) (4:6) .7 (14.8) (18.4)

: T grmntkét'.gga foracast of hulk
| W& percemt protein, Decatur prices

‘First week average 28,8619 n:26 32--10" | 10 93-:8 | 9.536 | 9.57- 18,512

. (16:8) : 'l:jié &) (5.5) - (5.4) (0.7
Midweek sverage - 28,93--22 ¥ _11.13~w81 10,106 11,55==5 19.44m-2

(16.8) {B.5Y 5.9 €6.6) (11.2)
" vonthly sverage 1 28,4719 1105048 | 9.89--6 | 11.56--3 19.55--2

- (1&;5) w1y L (5.7 {6.6) (11.3)
' Last Priday closing 28, 84--19 b 9,4858 | 9,956 | 14.21—5 | 22.10-2

' _ (16 6) . | {s 5 (5.7 - (8.1) (12.7)




TABLE 8

Soybean Of1: Camparisan pf Bsest Monthly: I’crecast Available, Futures Markets, and Econometric Models

Pecember, 1976, Through' December, 1978

N Comparison of forecasts made st the same
" Beat monthly forecaat availsble points im time
e "Fﬁfﬁ’iﬁﬂst horizon: (quarters) . i T Forecast horizon (quarters)
Forecast B 1 3 | 4 T o1 7 5 3 I A
C : fdared. erwr»-numher of obgervations | root mean squared error--number of ohservations
T m squared percenmge er:m-) __{root mean squared percentage &1Tor)
" Econometric firm
Chase 2.92+-15 | " 3,87--12 4.02--9 4,806 . 2,728 3.95+-6 3.72-=5 4,93w~3
(12.8) . {16.8) (17.8) (21.5) (11.9) (17.1) (16.4) (22.1)
DRI 5.53--25 | §.98--22 5.06--19 3,70—-16 3,168 4,95-<5 4,965 5,04—=3
23.2) ] 425.0) (21.3) (16.1) (13.n (21.1) (21.3 (21.9)
Wharton 510502251 1 47322 3.62--19 2.41--16 2,728 3,368 3.27-5 3.26--3
(20.9) C9.5) (14.9) (10.4) {11.6) (14.2) (14.0) (14.2)
Fuwms market a8 a forecast of crude
. taak, f.o.b., I?e;:atur prices .
First week avera 4,33~19 | 3.40~~10 2.05--8 2,87 2,70--5 2,972
il (17.9) {14.3) (8.7 (12.0) ¢11.5) €12.9)
© Hiddle week mverage 4,31=-19 | 3.56--10 2,19--8 3,366 3,20--5 2,99--2
i ¥ (17.7) - 14.8) 9.4) €14.0) {13.6) (12.9)
 Motithly aver 4:29--19 | 3.41--10 | 2.00--8 3.19--6 3.03~-5 2.95--2
ToRERly averase (17.6) {14.2) ) (8.6) (13.3) (12.8) (12.7)
Last Priday closiog 48819 | 3.46--10 1.93--8 3,536 3,335 2,792
e ¢ (18.2) (14.3) (8.2) - (14.6) (13.9) (11.8)

"0z



Hogs !

TABLE 9

December, 1976, Through' December, 1978

Compariaan of Bestuﬂenthly Porecast Available, Futures Markets, and Bconometric Models

Forecast

Best monthly forecast. available

Comparison of forecasts made ,at the same
points in timed

‘Farecast horizon (guarters) - -

Foracast horizon (quarters)

11-_,; T 3. T 3 S SN e

T S S 3 T A

Ecotomettic flrm

Chase
Doanes
DRY

Wharton

Futures market as a forecast of 7 mar-
4 ket gverage prices for barrows and
4 gilts

Pirat week average

Middie week average

Honthly average

Last Priday closing

“root mean squared error--pumber of observations
“froot mean squared percentage 8rrOT)

root ‘mesn sguared error--number of obesrvations
{rpot mean squared percentage error)

3.49--25 4.87--22 7.20--19 9,16=-18
(8.4) (11.1) (16.5) (21.1)
3.58--25 | 4.84—-18 7.60-=6 b/
(8.3) - {11.2) (17.6)
- 4.45--25 58722 6.93--19 7.51--16
(10.0) (13.1) (15.4) (16.6)
4.16--25 5.11m-22 5.38-~19 6.29%~16
(10.0) (11.9) (12.3) (14.6)
3.95--2% 6.51--22 8,68--19 11.35--9
(9.0) (14.6) (19.4) (25.4)
3.97--25 6.79w-22 8.89~-19 11.58~-9
(8.9) A15.1) (19.8) (25.8)
B TT25 T} 6,64--22 8.88--19 | 11.49-9
8.5 1 14 (19.7) - (25.5)
fg;é?—MQST.-' 6.54~-22 8.81=-19 | = 11.36~9
~(B.6) (14.5) 19.5) s

3.43--11 §.93mn9 7.10--8 9,416
(8.4) (1.3 (16.2) (21.6)
3.54--11 4,569 8.66--2
(8.3 (10.6) (20.1)
5.01-+11 6. 5bwnd 7,338 9,096
@i.2y (14.6) (16.3) (20.1)
3.77-<11 | 6,149 5.50~-8 6.84nb
(9.4) (14.4) az.7n (16.0)
4. 30=-11 5. 809 8.38--8 12.16=-2
9.7 (13.0) (18.7) (27.2)
3,84==11 6,169 8.77--8 13.27--2
(8.6) (13.7) (19.5) (29.5)
3.77--11 5,909 8,648 12,712
(8.4) a3y (19.1) (28.2)
3:58-=i1 5.430u9 8.23--8 11.86--2
(7.8 (12.0) (18.1) (26.2)

‘a/ Wote that the best availsble forecast £s§gsw

't/ Blanks indicate no data avallable,

-wfbf;ﬁéauép-in periods where new forecasts aré made by the other three firms.

3]
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TABLE 10

Cattle: Comparison of Best Monthly Forecast Avallable, Futures Marketa, and Econometric Models
December, 1976, Through December, 1978

Comparison of foreeaxﬁs-maé_ at the same
Beat monthly forecast available . __points In time™
& _...Forecast horizen (quarters) = b e Forecast-horivon (quatters)
Forecast R 2 { 5 i 4 ¥ I S D SR T A
‘toot meangquared error--nunber of cbservations Toot mean squared srror--number of observations
(toot mean squared percentage Brror) Aroot_mesn squared fercentsge error)
Econometsic £irm
Chase 4,98+~25 6.28--22 7.90--19 9.49~16 4.70—11 6, 239 6.86~~8 9. 44t
(16.1) (12.8) {16.1) {19.4) {9.5) 12.6) {13.9) (19.3)
Doanes . 5.92-25 6.22--18 | 6.36—6 b | 5.79--11 6.25%=9 5.23--8
(12,9} {azn {13.0} (1.7 (1z.n) (10.6}
DRI 5.464+25 6.44--22 7.23.-19 | 9.56-=16 54 29~11 6. 56<~9 7128 9,738
{11.2) . (13.2) (14.8) 1-(18.6) {10.8) (13.4) {14.6) (20.0)
Wharton 5,76--25 648022 7.22~~19 9,73--16 6.06--11 1:52-~9 7158 9.98--6
{11.7) €13.9) (14.7) (19.9) (12.4) {15.4) (14.5) (20.5)
‘Futures market as a forecast of
choice glaughter steer price, Omsha
¥irst week average _4«58—-25. 6. 67==22 8. 47-=19 | 11.16~9 4, 2311 7:190m9 8.01~-8 12, 86-3
19.3) 13,5 {17.4) £23.0) {8.5) (14.8) {16.4) (26.5)
Middle week average gs.;.-sz;wzs- | 68022 8.73—-19 | 11.22--9  4333--11 7. 47— 8, 548 13,523
(9.3 0 e {14.9) (18.0) (a3 (8.7 . (15.3) (17.5) {(27.9)
Monthly sverage ﬁ@él—QZE 6322 8.62--19 "-:il,zo-ws 42211 7. 20mmg 8.40--8 13.33~-3
(9.0} }7(13.6) (17.8) (23.1) (8.5) (14.8) {17.2) (27.5)
Last Friday closing 4. 60+=25 6.63-~22 8,65--19 11.47--9  4466--11 7f057-9 8.32--8 13.64—3
(9.4) (13.6) {17.8) (23.6) : (9,&) {14.5) {(17.0) (28.0)

‘a/ Note that the best available forecast iéfuhaéffbig':gﬁgﬁfin periods where new féieﬁasts.éré.mﬁﬂe by the other three firms,

b/ Blanks indicate no data available.
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differences are not large. Only in a few isolated cases—such as wheat for a
one- or two~quarter horizon and soybeans for a three-quarter horizon—do the
results favor the constant additive basis over the constant multiplicative
basis,

A further examination of Tables 3 through 10 also reveals some interesting
rquant_itativa relationships between alternative forecasters. For example, the
variation in root mean squared errors and percentage errors among ewmetric
ferecasters is fairly large for given forecastmg homzans for oatton, sey-
beans, soybean oil, and soybean meal with dlfferences in root mean squared
percentage error z:'a'ngmg from 5 pereént up to over 10 percent. For- cattle-w

and to a lesser extent corn, wheat, and hogs—on the other hand, all ecotio—

_ :metnc flm mamtam smz}.ar magmt:udes of -@rror.. The dlfferences"
firms are partlw}.arly promuncéd“for soybean ‘meal and oil.

Generally, Chase forecasts perform better for wheat, Wharton for corn, and
Doanes for cotton and soybeans. For the other commodities, no one firm tends
to perform better across all time horizons., Either Chase or Wharton perform

better fo;: soybean meal and oil dependmg on the s-'? :

are.op_r;ﬂdered togetmr. Throughout these comparisons, however, one _m_;;st:- bear
" in mind that very few observations were avaiiable for some of the 3,-021_1(_.;;_3:' hori-
zons, Moreover, for many of the four—quarter forecasts as well as some

three-quarter forecasts, the number of observations differs awng férecastars

{Tables 3 through 10); thus, results for the longer horizons are -1&_55: reliable.




:"_}-t@ be mre accurate for longer m::zzons t:han fc)r shart mr_xms'

th;_s 5&”‘33’ . But rt ulﬁ also be due to the relatwe -:;L___ atile

24.

Turning to the four futures market forecasts, one finds a great deal of
similarity, That is, all the futures prices tend to perform equally well as a
foreéast of a given spot price. There are a few interesting differences, how-
ever. For example, in most cases, the last Friday closing price tends to per-
form better than other futures price averages as a one-guarter forecaster but
relatively worse as a four-quarter forecaster. These differences are indeed
plausible, though, since last Friday prices do not precede next-quarter market
conditions by nearly so long. On the other hand, the closing pm"

> froma
single day 5 traﬂmg tenés; to be more varxable then a weekly or :mnthly ave;:-:
-age. 'Thus, for 1mg foracastmg hOI'lZGBS wtmre the quantz.ty of relevant m-
formation is more comparable, the avérages over longer permds in the futures

: market tend to be mre aocurate forecasts.

Fmally, on the basa,s of Tables 3 thrmgh 10, mnsxéer the(quan 1 ative
accuracy of forecasts with respect to time horizon. Generally, one would ex~
pect short horizon forecasts to be more accurate than long herlzm ferecasts. '
This is, indeed, the observed case for wheat, hogs, cattle, and most saybean

de}:xvatlve forecasts. On the other hand, the forecasts for soybean che seem

_~f'vatmn may be due tae an unusual ma:ket trend ovez: the part’ "
soybean market. For exar@le, the soybean futures market is. generally thought

" to be a more active and fluctuating market which make it relatlvely attractive
to speculators. For this reason, it may be that phenomena unrelated to the
cash market may play a greater role in short-run trading and price fluctua-
tions so that the more predictable market movements only tend to occur over a
| 1¢n§er time horizon. Indeed, comparing across commodity matkets on the basis

of root mean squared percentage errors, the soybean market seems to be much _
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less pre&ictab];e in the short run than other commodity markets {(with the pos-
sible exception of soybean derivation markets). The corn and wheat markets,
which are generally thought to be much less active and more stable, are more
predictable over all four horizons {in a mean forecast sgnse} than the other

comnodities.,

VI. Futures Markets Versus Econometric Forecasting

A major objective of this paper is to determine whether futures markets
have méz:-it as price forecasters. "Ib-devﬂop some SUTmAry 1nformat1m in t’hi"s -
respect, average rankings of econometric and futuxes forecasts am repoxted m
Tables 11 through 18 for each amparxson.-/ That 1s, whzle a gzven econo-
metric moﬂel may perform better for one. ccsmndzty, ail of the-eoonunetrzc

models are S@poseé‘ly based on a similar methodc:logy ' As 'I'ables' '11‘ ;threugh 18 |
reveal, no one model performs consistently better over all commodities (Chase
is better for wheat, Wharton for corn, Doanes for cotton and soybeans, etc.).

This variation in performance may be due to a randomness in charaétefistiés

visca-vis important market phenomena in 1977 and 1978. Thus, a gen ral com-
. .parison ef the ec@nmetric results with the' futures results ma e
clearer picture of the a }grlor 51b111t1es of &velopmg :
_' "metrm farecastmg model. _ | T | _
Based on the average ranks in Tables 11 through 18, one can a_féély the
Mann-Whitney testing procedure to determine, in a nonparametric ';:é?ﬁtext,
whether futures markets forecast prices better or worse than ocxmaeréial

L A T I R e T e e e e . I

1/ Bote that, for Tables 11 through 18, the futures. prices are. cons:.dered
as Forécasts only for the predominant actual price séries used in econgnetnc
forecasting, i.e., the one used by most commercial forecasters. Thus, the
rankings must be viewed with caution in the case of Doanes and DRI where they
use dsze;:ent actual price series than other farecasters. '




TABLE 11
/

Wheat: Rankings of Forecasts for Wheat Prices Based on the Predominant Actual Price Series™
becesber, 1976, Through December, 1978

Comparison of forecasts made at

Begt monthly forecast gvailable the same peoints In time
Forscast horizon (quariers) Forecast horizon (quarters)
Forecast E | 2z | LI 4 1] 2 1 3 .1 4
) {rankings of root mean (rankings of root mean
squared error) adquared srror}
Econometric firm
chase A 1 1 1 2 1 3 I
chneakj . 8 o7 ] 3 8 L 6 5
pre2/ 7 8 8 8 6 8 8 8
Wharton e | 4 S & 1 2 5 7
Average rank 5.13 - 5.00 5.00 4,00 4,25 4,25 | 5.50 5.88
Futures market as a
forecast of No. 1
Hard Red Winter,
Kansas City prices
‘Fifst week average 5 3 3 5 4 3 1 1
Middle week average 6 [ 7 ? 7 T 7 6
Monthly average 3 3 4 & 3 5 2 2
‘Last Friday closing |  1& 2 2 2 3 . 5., 5
Average rank 3.88 4,00 4.00 5,00 4,75 4,75 3.50 3.13

(rankings of root mean squared (rankings of Toot meah squared
percentage error) 1 . ..percentsge error)

Econometric £irm

Chase 4 1 1 1 2 1 3
Doanes?/ 8 7 7 8 8 8
ored/ 7 8 8 | & 6 7 8
Whavton - _ n e 6 3 1 2 5
Aversge rank 53 | osas | osso | aso | aas | oeso |sas | oeast )
: futurés ﬁarkat aé a | | | |
forecast of Bo, 1
Hard ‘Red Winter,
Kansas City prices
First week average 5 3 2k 4 4 3 1
Middle week amverage 6 ] 5 7 7 6 6
Monthly average 3 4 4 5 5 5 2
Last Friday closing | 1% 2 2% 2 3 4 4
Avé:age rank . . 3.88 . 3.88 3.50 . 4.50 4.75 L 4.50 | 4.25 ' .2;75*

&/ Fractiomal rankings indicate ties,
B/ Designed to predict a different price series than other econometric forecasts.

e ‘—-Sign;ficaﬂt-ﬂiffﬁfﬁﬂﬁe'in futures and econometric ﬁereea&ts'in*a § percent, two-sided sénse,




TABLE 12 27

Corn: Rankings of Forecasts for Corn Prices Based on the Predominant Actual Price Sarieeﬁj
December, 1976, Through December, 1978 '

Comparison of forecasts made atr
Best monthly forecast available the same points in time
Forecast horizon {(guarters) Forecast horizon {(quarters)
Forecast 1 2 I 3 i 4 1 | 2 I 3 { A
(rankings of root mean (rankings of root mean
squared error) sguared error)

Econometric firm
Chage 7 7 4 6 7 3 3 8
Doanes®/ 8 8 8 8 8 8 8 5
DRI 3 _ 2 3 1 3 2 i 3
Wharton 1 1 1 2 1 1 2 2

" Average rank 475 | 450 | 400 | 425 | 475 | 3.50 | 350 | 450

Futures ﬁarkﬁt as a fore-

gaat of No. 2 Yellow,

Chicago prices _
First week average 3 3 2 3 ] 5 - 1
Midweek average 5 6 6 7 -] 7 7 6
Monthly average 4 4 5 4 4 6 - g
Last Friday closing 2 5 7 5 2 4 % 7

Average rank 6.25 | 450 | s.00 | 4.75 425 | 5.50 | 5.50 | 4.50

(rankings of root mean squared (rankinga of root ﬁééﬁ sqaaieéx ‘
percentage error) percentape error)

Econometric firm
Chase ? 7 . 4 6 7 3 3 8
Do_anes-hf 8 8 8 8 8 8 3 . 5
DRI 3 2 2 1 3 2 1 3
Vharton . * 1 1 3 1 1 - 2

’ Average rank 4.88 4.50 3.88 4,50 4.75 3.530 | 3.50 4.50 |

Futures market as a fore-

¢dast of No. 2 Yellow,

Chicsgo prices
Pirst week average 6 3 2 2 5% 5 3 1
Midweek average 5 5 & 7 S 7 7 6
Monthly average 4 4 5 4 4 6 5 &
Last Friday closing bi ] L+ 7 5 2 4 5 v

. Average rank 4.13 4.50 5.13 4.50 4.25 5.50 5.50 4.50

@/ Fractional rankings indicate ties.

"'§? Designed £6 predict a different price series than otheéer econometric forecasts.



TABLE 13
28,

Cotton: Rankings of Forecasts for Cotton Prices Based on the Predominant Actual Price Seri&sﬂj
’ December, 1976, Through December,. 1978

Comparison of Forecasts made at
Best monthly forecast available the same points in time
Forecast horlzoen {quarters) Forecast horizon {quarters)
Forecast 1 I 2 | 3 { 4 1 ] 2 I 3 I 4
: (rankings of root mean {rankings of root mean
sgquared error) sguared error)
fconometric firm
Chaga & 7 8 3 ) B ?
Doanes 3 1 1 2 1 1
prr®/ 1 1 6 8 1 2 8
Wharton 8 8 7 2 3 4 6
Average rank 1 4.50 4.50 5.50 1 3.50 3.00 3.75 5,50
:i,Futures msrket a=z a fore-—
{:past of average prices
received by farmers
¥irst week average : 7 [ 5 6 8 & 3
Middle week average 5 4 4 7 ? 7 5
Monthly average 4 3 3 5 3 j 5 4
Last Friday closing 2 5 2 4 4 3 'éﬁ-
Average rank 4,50 4.50 3.50 5.50 5.00 5.25 3.50 4.75
(rankings of root mean squared (rankings of root mean squaréd
percentage error) percentage Brror). o
Econometric firm .
Chase 7 7 7 3% 8
Doanes 5 1 1 1 1
ore?/ 3 ] s | s 8 .
Wharton 8 8 8 2 6
Average rank s 5,38 ] 5.50 3.63 4.75
Futures market as a fore-
agt of Average prices
l.received by farmers
First week average & 5k L] 7 7
Middle week average 3 2 ¥ 6 5
Monthly average 3 3 3k 5 3
Last Friday closing 1 4 2 3 2
Average rank 3.25 3,63 3.50 5,38 4.25

-&/ Equal rankings represent ties,
Ej Pesigned to predict a different price series than other econometric foredasts.

* ‘Significant difference ifi fututes and econcmetric forecasts in a 5 percent two-sided sense.
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TABLE 14
Soybeans: Rankings of Forecasts for Soybean Prices Based on the Predominant Actual Price Serieséj
December, 1976, Through December, 1978
Comparison of forecasts made at
Beat monthly forecast available ‘the same. points in time
Forecast horizon {guarters) Fotecast horizon {gquarters)
Forecast 1 i F] H 3 ] 4 1 I 2 | 3 | &

{rankings of root mean
sguared error}

{rankings of root mean
squared error)

Econometric firm
Chase 8 2 1 7 7 ¥ 2 7
Doanest’ 2 1 s 1 2 1 1 1
DRI 5 7 3 b 3 7 7 6
Wharton % B 8 8 6 8 8 B

'} Average rank 5.38 4.50 3.50 | 538 | 4.s0 4.8 | 450 | 550

Futures market as a fore-

cast of No. 1 Yellow,

chicage'gtiqes
First week average o 3 4 o 8 6 6 4
Midweek average 4 5 6 & 3 5 - &
.Hgﬁtyly.HVEtgge 3 4 5 2 4 ; £l '{ié - 2
Last Priday closing 1 6 7 5 1 | 2 4 &4

Average rank 3.63 4.50 5.50 3.63 4.50 4.13 4.50 | 3.50

{rankings of root mean sgaared
percentage error)

(vankings of root mean squaved
percentage error)

Ecenomettic flrm

4,38

 Chase 8 2 1 7 6
© Doanes? ORI U SR S B S R
mr 5 b e e s
‘Whaxton 7 S8 8 8 E"
‘4verage ramk 6.00 4.50 4.63 5.50 5.13 5.25 5.50
. ':.futu:ﬁﬁ métket as a fore~
1 gast of ¥o. 1 Yellow,
Chicago ﬁriges
Fita: week average [ By 2 3 Pg 6 6
‘Midweek average 3 5 B & 4 % 4
Ebnth;y average 2 3% 3 2 3 3 2
Last Priday clostng 1 6 7 a 1 2 2
- Aversge rask 3.00 4.50 3.50 3.88 3.75 3,50

-5}55§&giztéﬁgiags 1nd;ea;e-éies;

"“§§'h§é£§h&& to predict a different price séri;a“thénmétﬁéx‘é§eéémetric fdgécésfé. a




e b e ALl e

Soybean Meal: Rankings of

TABLE 15

30.

Forecasts for Soybean Meal Prices Based on the Predominant Actual Price Series

December, 1976, Through December, 1978

Forecaat

Best monthly forecast available

Comparison of forecasts made at
the same polnts in time

Forecast horlzon {(quarters)

Forecast horizon (guarters)

i 1 2 H 3 I A

1 ] 21 3 i &

Fconometric firm

(rankiﬁga of root mean

{rankings of root mean

squared error)

sgquared error)

Chase 1 i 1 6 3 5 5 6
DRI 5 6 2 5 7 7 6 7
Wharton 7 7 7 7 i 6 7 5
1 Average rank 4.33 | 4.67 3.33 6.00% | 4.33--'::'6265*‘:iz?€}aa*} Ceoor |
Futures market as a fore- | o R
gast of bulk 44 percent
protein, Decatur prices T
First week average 6 3 5 4 & 1::' k1 ‘ 1
Midweek average & 5 & 1 6 4 2 2
Monthly average 3 4 3 03 3 -2 ﬁiﬁ : 3
Last Friday closing 2 2 4 2 2 'L§. - % 4

Average rank

3.75 3.50 5.50 2.50%

3.75 2.50% 2.50% | 2.50%

Econometric firm

(rankinge of root mean squared
percentage error)

(rankings of root mean squared
percentage erfor)

Chase 1 1 1 6 6
DRI 5 6 2 5 a7
Wharton 7 7 7 7 1
| Average rask 433 | 467 | 333 | 600 | o467 | 6i00
Futures market as a fore-
cast of bulk 44 percent
protein; Decatur prices
First week average & 3 P 4 4
Midweek average A 5 5 s 5
Monthly average 3 4 3 3 3
Last ¥riday closing 1 2 2 & 1% 2
 Average rank 3.75 3.50 1 4.50 2.50* | 3.50 z.50% | -2.50* | 2.50%

*significant difference in futures and econometric forecasts in a 10 percent two-sided sense,
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TABLE 16

December, 1976, Through December, 1978

Rankings of Forecasts for Soybean 011 Prices

Best monthly Forecast available

Comparison of forecasts made at

the game points in time

Forecast horizon (quarters)

Forecast horizen (gquarters)

Forecast 1 I 2 I 3 1 4 1 1 2 i 3 I 4
{rankings of root méan {rankiags of root mean
gaudred error) sunared srror)

Econometrie firm |
Chase 1 1 2 7 5k 6 & 6
DRI 7 7 7 6 7 YA B 7
Wharton 6 6 1 1 L - 4 .5
Average rank 4.67 4.67 3,33 4.67 6,000 | 5.50 | 5.67 | 6.008

‘:-fui:'sims- market as a fore-

‘cast of crude tank,

£:0:b.; Decatur prices L
Flrst weekzaverage 5 4 '8 2 3 1 1 FBT‘
Middle week average 4 3 4 5 [ 3 3 4
Monthily average 3 2 3 3 z 2 : 2 R
Last Friday closing 2 5 6 4 ES 5 5 1
Average rank 3.50 3.50 4,50 3.50 2,50 | 3.88 3.75 2.50%

Eeonometric firm

(rankings of foot mean Squared
percentage erro r)

{taakings of root gean squared o

percenta e errar}

Chane 1 i 4 7 ] ]
7 7 AN R 7 7
3 6 1 1 5 ey
5.67 | 4.67 | 40 | a7 | 6.00x | .s67 |6
?ﬁéures mg§ket 43 a forew
Y rast of crude tank,
3R o,b. necatar prices
‘First week average 3 5 5 K 3 1
Middle week averdge 3 3 3 4 3
‘HMonthly sverage 3 2 2 2 2 2
Last Friday cloaing 2 4 [ 3k 1 5
| Average rask 3.50 3.50 4.00 .50 | 250 375 2,50%

#Sigﬁ%ﬁizang difference in futures and econometric forecdsts in a 10 percent two-sidéd sense.




TABLE 17 32,

Hogs: Rankings of Forecasts for Hug Prices
December, 1976, Through December, 1378 -

Comparison of forecasts made at
Best monthly forecast available the same points in time
]  Forecast horizon f{duarters) Forecast horizon (quarters)
Forecast 1] 21 3 1] 4 1] 2 31 &
(rankings of root mean {rankings of root mean
sgusred error) sguared error)
Econometric firm
Chase 1 2 3 3 1 2 2 3
Doanes 2 | . 4 &f 2 1 7
DRY _ 8 4 2 2 a 8 3 2
Wharton 7 3 1 1 & 6 1 1
Average rank ; 4,50 2.50% 2.50% 2,004 3.88 4,25 3.25 | 2,00%%
Futures market - as a fore-
cast of 7 market average
prices for barrows and
‘gilts
- First week average 5 5 5 & 7 4 5
Middle week average 6 8 8 7 [ 7 7
Monthly average 3 7 7 6 43 5 1 .§
 Last Friday closting | - 4 & 6 5 3 3 e
Average rank 5.50 6,.50% £.50% 5.50%% 5.13 4.75 5.75 5,50%
(rankings of root mean squared ) {rankings of root mean squared
pércentage error) ! peraentage error)
. Econometric firm ’
Chase 2 1 3 3 3 2 2 3
Toanes b3 2 4 o 2
DRI N 4 oz 2t s
wﬁ&r’:&én B B 3 B T 1| s
i Aver:gg rank: b 450 | 2.50% | 2.50% |
?atures market aa a fore-
}cast of 7 marker average
i prices for barrows and
gilts :
First week average 3 6 5 5 7 4 5 s
Hiddle week average 5 8 B 7 5 & 7 7
Monthly average 3 7 7 6 3k 3 6 ]
: Léat'Frid&y closing 4 5 6 & i 3 4 4
 Average rank 1 4.0 6:50% | 6.50% | s.soee| 13 | 4500 | 5.50 [ 5,508

al Blanks indicate no data available.

i Sigaificant diffarance in futures and eeanometric fnrmcasﬁs in & 5 gerc&at two»sidad sease.

** 8ignifi¢ant differeace in fatures an& aconometxie forecasts in a 10 gercen: twa»_ided_sgnse.




TABLE 18

Cattle: Rankings of Forecasts for Live Cattle ?ricesﬁl 33.
December, 1976, Through December, 1978

Best monthly forecast available

Comparison of forecasts made at
the game points in time

Forecast horizon {quarters)

Forecast horizon {quarters)

Forecast 1

I 2 1T 75371 7%

ER A - I

(rankings of root mean
squared error)

(rankiﬁga of root mean

Econometrric firm

gquared er:ar)

Chase 5 2 4 1 5 2
Doanes 8 1 1 b/ 7 2 3
BRI 6 3 3 2 6 3 3
Wharton 7 B 2 3 8 8 &
Average rank 6.50% 3.38 | 2.50% 2.00%% 6.50% | 3,50 | 2.50%

: é."Eﬁtu::e,s market as a

'} -forecast of cholce

slaughiter steetr price,
. Owaha .

Firse week average 3 & 5 4 2 - §.Ei 5
Middle week average 2 Ty 8 6 -3 7 8
Monthly average 1 4% 6 5 1‘ 6 7
last Friday gioaing'x 4 =2 'E ?. 7 5 . 4 §-
Average rank 2.50% 5.63 | 6.50% | 5.50%% 2.50% | S.Sd 6.50%

{rankings of root mean squared

percentage error)

{rankings of root mean sqﬁ#rad
percentage error)

Econometric f£irm

Chase 5
Poanes B
DRI . R

2 4 1
1 1

3 3 2
7 PR B

5 1

7 2

s |3
8 8.

ures ‘Darket as a
forecast of choice
- glaughter steer price,

| Average rauk | e.sox

| 250

First week average 2 6 5 & Iy S
Middle week average i 8 8 Sy 3 ¥
Monthly average 1 4 6 5 i L
Last Friday closing 4 4 & 7 4 4
Average rank 2.50% | 5.75 6.50% ..:5.50** 2.5¢¥' S.SG.

2/ Fractional rankings indicate ties.

b/ Blanks fndicate mo data available.

* Sigﬁificant difference iﬁ futures and econometric fovecasts in a 3 percent, two-sided senge.

'**-Significant diffeienaa in futﬁres and eéonometric fafecasts in a 10 peréaﬁt, t#ﬂ«siéad séﬁse.
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econometric forecasters (significance in a 5 or 10 percent two-sided sense is
indicated in Tables 11 through 18).%/

Eising this approach, a significant difference is found in very few cases,
The commercial econometric models perform significantly better than the futures
market in one or three of four cases for hbgs (depending on wh;ch_ emparxson
is used) and in two of four cases for live cattle. On the other hana, the
futures market provides significantly better forecasts than the econometr ic
models in possibly one wheat case and one cctton case, dependmg on tm
parison; in one or three of four soybean meai cases; dependmg on the 1«~
. song m as many as three of four soybean 0il cases; and m Gne cf ff:)ur cas&s
for live cattle, Consider further only those cmeparlsons mrrespcndmg to new
ecormletrxc fcrecasts (the right half of Tables 3 through 18) - ‘Because of
; '.Older

-decaymg mformatlm in older forecasts, any m@mveé perfozmance
forecasts may be attributed to noise. Thus, a seeming superiority of econo-
metric forecasts over futures forecasts in the left half of Tabies‘a

through 18 may be simply due to chance. In the remaining comparisons the fu-

tures market 1s a mgmfzcantly better preélctor in from 6 to 9 of 24 cases B

:wmle the econcxaetrm forecasts axe sxgnzfzcantly bette»r f@;: mly 3

viI. Ca@a_lglson -of Futures and t:}.cForecas sby rime Ho

Smc:e traders 1n the futures market are often closer to cash mai;-ket
phenmena ‘and since they are often able to make use of new -inforzﬁétién more
quickly than econometric firms, one might expect the futures market to perform.
better as a short-term forecaster. On the other hand, econometric forecasts

1/ The reader should bear in mind, however, that this test might be biased
tmard ‘gignificance (although not in favor of one forecaster versus the other)
‘becza : ef nonméepenﬁeme among futures market g»:ice averages or amng
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may be based on better structural information and more careful, longer run
forecasts of exogenous forces. Thus, econometric forecasts may be expected to
be sﬁperior for a longer forecasting horizon.

Indeed, examining only the more comparable results in the right half of
Tables 11 through 18, the futures market is significantly favored in two Of
eight cases with me-quarter horizons while the mmetmc forecasts are fav-
ored in none, On the ether hand, while the mmtrlc forecasts are szgmfzw
cantly favored in two of exght cases for a fourqxarter homzm, the futm:es

- market is significantly favorad in two or three Qf the r%ammg cases. '.i'ha

futures market similarly seems to Mmate fsrecasts mth t;wo- Qr i:h
horizons; the futures market 15 szgmfmantly favared in two or three cases

wh:xla the ecomnetrzc forecasts are sxgmfmantly favored m, at most,

‘case. fsr each horizon. _
Examining the trends in average ranks with respect to forecast ho::i:zon

(Tables 11 through 18), the expected relative @r@vement in performan&e for

econometric forecasts vis-a-vis futures prices seems to be reflected only in

the live cattle and-, possibly, hog markets. On the other hand 1’2: agpears

that futures market perfomarm as a_ “forecaster may be-;f_ff"', .

o 'horlzcm fes: soybean meal. ‘iﬁxe perfoman_

| j":'i:z.me hcarlzm m the case of ss e c, is dismal
| At least, 1t appears that for gtam markets, tbe fui:ures markets prlces |
. carry a 51gn1f1cant amount of useful mformaticn aven on the 1ong~term |
contracts. If econanetrxc models can develop better forecasts than futures
markets for long forecasting horizons, it may be cnly at wnsxderably 1mger
_-tlme horizons than for which futures wntracts yresently emst. ;_ The results
_:.caf this paper thus suggest that there may be some posltxve soc.{él benefzts to

the development of l_gr__zger term contracts in the futur_e_s m_,a,rkf;{i;s for .g;;ams_-_

ter
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and, particularly, the derivatives of soybeans. Of course, one must bear in
minﬂ,_, however , that these results are developed on the basis of a rather short
period of observation of the commercial econometric forecasting firms, and

perhaps their performance will improve with time.

VIII. Conposite Forecasts

In the case of commodity spot prices, individual decision makers {traders,
speculators, procurement managers, chief exécﬁti.ves, etc.) féce a bewi-idéring
barraga of differing and oonfhctmg forecaats. Slich deexsmn makers selﬁcm |
ccmblm in any systematic way the mdwz&ual foreeasts avallable ta them._ One- :
means of systematically conbining such forecasts calleéi axnposite forecastlng

. has been recently 6eveloped ’I’hs.s approach assmts m allev;atmg the ‘rifu—- o

:smn which arises with észermg pz:o;}ects,ms by establzshmg a bafiance among S
alternative forecasts and simultaneously generating more accurate forecasts.
It explicitly éeoogmzes that the best forecast should make -u'sae*c_af'.a;l_ é&ail—-
able information. The mechanics and properties of composite forecésting are

described in Appendix B of this paper.

1/ The best futures filter is defined as the futures forecast with the
highest rank among the first-week average, middle-week average, monthly aver-
age, and last Frléay closing for the forecast mr@amssns maée at dlfferent :
points in time (Tables 11 through 18).



TABLE 19

Wheat: Rnot Mean Squared Error of Pairwise Composite Forecasts
- - Eeonometric Models ¥g. Futures /
i‘)ecember, 1976 Through December, 19785

Forecast h’orii-zgjﬁ. S
(quarters) - - 1 o 2 3
A Last Friday . Last Friday Last Friday
Best futures = [ closimg | : . closing . 1 closing
Chase/Futures | . 255 o .382 1 .336
(.11, .72) (.62, .18) (.28, .07)
Doanes/Futures: | .195 .279 .296
1. (=.45, .91) (=49, .76) (~-.22, .26}
DRI/Futures . | .230 B 17 i L
: b (=016, 1.0) (-.08, .68) ¥} (-.16, .16)
Wharton/Futures | . .251 . TV | .352
I (335; 050) . {0323 33‘&) _. {““‘-&6, ¢57)

k. s assﬁciated wi' :"the acanemetric and futur:es prica
, ArE reported in parentheses belﬁw t:hne Yoot mean Squared

a/ Estimated wedl
forecasts, ras =
error, o




TABLE 20

Corns Root Meau Squared Exror of Pairwise Composite Forecasts
‘Econometric Models v8. Futures
December, 1976, Through December, 1978

Forecast horlzon
(quarters) - i 2 3
.. .} Last Friday . First week First week
Besgt iuturég;gg.;-*** closing ___average avérage '
Chase/Futures 184 .160 .148
{~.085, .38) {~.01, -.58) (-.146, =-.263)
Bcanes/Futufés _..: = . 149 : 141 .130
' (-.482, .733) (=-.06, -—.51) (~.04, -—.26)
DRI/Futures o .156 o A72 152
.  (%1.11, 1.39) L0009, = A7) {-.195, ~-.24)
Wharton/Futures . [ . .183 .60 127
L {.166, .164) (.067, -.60) {.57, ~.547)




TABLE 21

Cottons’ BbbtuMéan Squared Error of Palrwise Composite Forecasts
. - Fconometric Models vg, .Futures /
Bacember, 1976, Through’ necember, 19?8—

Forecast horizon | . .

{quarters) e _ 2 N T . 4
- Last Friday Middle week ~ Last Friday ~ Last Friday
Best futures 1 closing - average . . closing . closing

Chase/Futures | ,4;37 | 5.65 osae | 5.41
Rty (=57, .59) (=72, .59) | (-1.02, .067)

Doanes/Futures _i“f:'  4 59 6.13 | _ 5.783 b/
T ST 21 .68) (-.58, .39 (~.081, .003) -
DRI/Futures _ {;?_. 2 86 3.02. . 3.67 : 1,90

Wharton/Futures ~~ f:}~;3@g22 5.14 - - 460 4,51
S (=237, .6D) (=.59, .29) C(-.62, .083) | (-.42, ,24)

a/ Estimat&d waights, ﬁi ' BSQCiétediwith-the‘ ﬁomehriﬁuanﬁifﬁtﬂres price forecasts,
respectively, are reporte arentheses below the toot mean squared error.

‘gi-Blanks~indicate in:ﬁ ta available to compute c&ﬁpd%ité;férécaéts.-
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TABLE 22

‘Econometric Models. vg, Futures
Decamber, 1976, Through December, 1978&/

_Root Mean Squared Error of Pairwise Ccmpasite Forecasts

Forecast horizon
{(quarters) R | 2. 3 4
“Last Friday Middle week First week First week
Best futures ' :¢iﬂSiﬂg average - _average average
Chase/Futures : _3. o *857 848 ;ﬁéﬂ 2395
Doanes/Futures | S _.‘&.’8__‘4 766 C 612 .028
DRI/Futures '?f;ﬁﬁﬁ' 935 . ;631_ _ 474
(=1.26, 1.44) (.043, .078) (.86, ~,85) (.55, .11)
Wharton/Futures |~ . .876 .901 .759 - .660
P73, 0 .80) 1 (5435, 443) (=032, 0 W4T (.38, .43)

‘econometric and futures price forecasts,
00t maan SQuared error.,

ai Estimated weights,:§
' reSpectiveiy, are

b/ Blanks indicaze inﬁu ;e compnaita forecasts.



Soybean-ﬁgaié

‘TABLE 23*-

Futures

. f'

Raot Mean Squared Error of Pairwisa Composite Fmrecasts
L conometric Models V8.,
R Deﬁamber, 1976, Through. Dacember, 197&“

Forecast horizon

Y

4

(quartersy

.Begt futures

First Wﬁﬁk
average

First: week

- average

“First week
© o pyerage

Chase/Futuras
DRI /Futures

Wharton/Futures

(14, .36)

8.99
(-.10, .49)

(.36, il6)

| a1, =i

8.80

(. 54, 1-23)

9.16

1 _ (. 218‘,' ' "'. 72)

9. 86

(= 14y -032)

(- ,0886,

b/

- B.63
(.23, =.12)

9.98
T~ 071)

_ a/ Estimated weights,
: respectively, arE'

i Blatiks indicate ing

arentheges balow.

_aé&aﬁav&iiaﬁig to o

Qraeasts,

'nametr c:anﬁ futures price fnracasts,
3root mﬁan s uared error.




TABLE 24

SoyBean Gii Reot Mean Squared Error Gf ‘Pairwise Composite Forecasts

YBormometric Models 'Futuras al

VBecember, 1976, Thraugﬁs ecember, 1978m

Forecast horizon
{guarters)

q

2

3

4

. Best futures

T Monthiy

_.average

Monthly
average

First week
average

First week
average

Chase/Futures

DRI/Putures

Wharton/Futares

1.25

i”(*{17§ L44)

2,79

(.43, .49)

52,30

A5
(~-.20, =.18)

2.54
'("""- 21, e 20)

2.46-

.37

(5.0935 . 31)

2.32

(.12, ~.50)

b/

1.74
(-!41, ——32)

a ‘- : 2.14 » 1.48
o (=.87;  .59) (-.38, -.24) | (.59, =-.80) | (.92, ..31)

, agsociated with the econometric and futures price forecasts,
1 parentheges below t

root mean squared erfror.

respectively, are repc

b/ Blanks indicate in&ﬁffﬁy, nt data available to cé@ﬁute composite forecasts.




Hogsi

TABLE 25

“Econometric Models va. Futures a/
December, 1976, Through Deﬁember, 19785

Root Maan Squared Error of Pairwise Gomposiﬁe Foracasts

“Forecast horizeﬁ . o
(quarters) 3 PRI | 2 3 4
-+ Last Friday Last Friday  Monthly Middle week
Bast futures . closing cldéiﬁg . average aveérage
Chase/Futures ,_.2Q20 3.391 3.04 2.06
_(- 30; ) 30) ("'- 039' l. 2) (’-“"- 72, -37) (_o 21, 0023)
Doanes/Futures 2,41 3.29 3,65 b/
( 11, Lhh) (.16, .14) {~.095, * .089) =
DRI/Futures Lz 336 | 3.59 2.03
( 695 L43) (.13, 25687) {064, ~.068) (.73, =.26)
Wharton/Futures - _f32 3.39. 3.33 1.79
1 , o J4h) (-.051, " .18) | (-.54, .069) (.81, .055)

a/ Bstimated weights,’

" respectively, are rep -parenthases below fhefront mman ﬁquared error.

b/ Blanks indicate insuf

'iéﬁt;data available to egmﬁnte cemppsite:farecasts.




TABLE 26

Live Cattle}'”Root Mean Squared Error.of Palrwise Composite Forecasts
: Econometric Models 8. Futures

_December, 1976, Through December, 1978%/

Forecast horigzon C
(quarters) e 2. _ 3 4
Last Friday Monthly ‘Monthly First week
Best futures ~glosing average average average
Chase/Futures 445 5.98 7.87 3.16
{45, .63) (1.01, .30} (.72, .14 (~2.35, .35)
Doanes/Futures f{@@Gs 6.02 5.38 b/
(.04,  .92) (1.32, -.1) (1.73, -.87 =
DRI/Futures 4,58 6.32 6,52 4,60
(.13, 1.07) (.57, .33) (1.58,  -1.01) (1.94, =.91)
Wharton/Futures '_4;58 6.49 - 698 4.49
(=12, 1.04) (.30, .62) (1.83, =-.51) (1.54, -.36)

a/ Estimated weights, K, a
respectively, are re

b/ Blanks indicate in-s.%ix

j;a available to cohpﬁta coﬂp@ﬁiﬁe'fbﬂEcasts.

nﬂ ﬁ ,_assaciated with the: econometric and futures price forecasts,
%ﬂ parentheses below the root mean squareﬁ WYTOT .
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where P, B, and h are as defined on page 13; f’t,t-bh and P refer to the
econcmetric forecast made at time t for forecast period t + h and the mean of
the econometric forecast, respectively; Et,t +h and % refer to the futures
forecast made at time t for forecast period t + h and the mean of the futures
forecast, respectively; and kl and k2 refer to the weights on the in&i—
vidual forecasts in forming the composite forecasts {Appenéix B). 'Ihe weights,
k, and k,, were estimated by conventional methods {i.e., ordinary least
squares) . 1/ ':{‘he estlmated weights are reported in Tables 19 thrcugh 26 in
parentheses below the estmted root mean squared errors where the fzrst
numerical value defines ky and the seuond k2 _ ) |

In comparing the results for the composite forecasts in Tables 19
.__:through 26 to the magmtudes of the root mean squaxed errors in Tables 3

through 10, it is claar that the ocmposzte forecasts are s:agmfmantly mm:e
accurate than their individual components. In some cases the root mean
sguared errors for the composite forecasts are more than 50 percent less than

the minimum of the root mean squared error of the econometric model and se-

}.ecteé futures forecast (see, for exanple, the ccmposme Chaseﬁutures rt . N

_/ Note that the constraint, "1 + k- » was not imposed in the

estimated composite regressions. As sh in Appendzx B, this constraint

follows if both individual forecasts- formmg the composite are unbiased.

Since available evidence strongly suggests that nelther $ L t+h OF %t £+h

are unbiased and that the magnitude of their associated bidses are ndt
constant over the sample period, such a constraint is apparently
znapproprlate. Tt should also be noted that, if one or more of the mﬂlvxdual
forecasts is biased, an errors-in-variables estimation of kj and kj would
generate a more favorable (lower) root mean squared error than an ordinar
leasb-squares estimation of ky and ko. The empirical differences between
these two estimation procedures will be explored in our further research on
the topic of composite commodity price forecasting.
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and the associated root mean squared errors were computed from the sample
forecasts and thus are not determined in the same ex post sense as the root
mean squared errors in Tables 3 through 10. Of course, computation of the
_root mean squared errors from data outside the composite | fcfeeést-'e&imatim
period would be pz:ef:‘erable. But, anfcrtunately, such data were zx}t avail-
able. In any, event, the evidence in 'rab}.es 19 through 26 appears to support

the view that composite forecasting is a worthwhile exermse. Moreover, m

;_g:_the case of cmmodlt:y price forecastmg_, this eva,denee suggests tha‘

' 5;_' ‘met:rlc and futures forecasts contam mdependent mformatlon whwh may be

E '_-valuably embmed ina cmnpcsxte.

Nevex:theless, the weights attached to the econometric and futures fore—-'

i ':ts exh:.blt very 11tt1e regulamty'

over the various “conmodit 1e:”""anﬂ"£"”' cast

' 'horizms. ' In the case of wheat, for example, the m:.ght attachéé to tbé C‘hase”‘:’..
and Wharton forecasts are positive while the weights attached to the Doan‘es
~and DRI forecasts are nega"tive.'y 'For soybeans, the weights ot all the
econometric forecésts are negative for the first quarter, while. f‘oﬁ other

._ho,rmmss all farecasts are pcsxtx.ve exeept for the Wharton fo::eca s of tm

_ ee quarters. . FQI’ corn, tha welghts are gen,

In general, the abso}.ute welghts attacbed to ti futuresforecastste <

_'dec_hr_ie with the forecast horizon. This reflects a declining relative accuz:acy

of futures price forecasts to the econcmetric price forecasts as the forecast

- .-}/ For many, but not all cases (especxally soybeans) , the estimated negam

tive mlght is insignificant at the conventional 95 percent oanf;ﬂence leval.
- .As moted in Appendix B, an inferior forecast may merit inclusion int _
| posite with a negative weight if its et Ors are sate& bgy thear mrrela—- :
S tw‘n’ Wlth the errors of the other fox:ecast.
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i ra;sed m the mtroéuctloﬂ. Are futures markets more or less érc:curate than -

47.

horizon gets longer. When the relative accuracy of one forecast deteriorates
with the forecast horizon, its associated weight in the composite forecast
fails. The most striking illustration of this observation is provided by soy-
beans and cattle, For both of these cxmmdltles, the futures gmce forecast
is given the largest we:tght for the first quarter, while for the sewﬂ and
_th}.rd quarters the outcomes are dramatlcally reversed For the latter fere-
cast horizons, the largest wezghts by far are attached to tbe eaonmei:mc

B forecasts in most cases.

In contr:ast i:e ‘the reSults in Tables 3 through }.G, the 1te forecast

3

'*I-,.f'accw:acy is not as: sensn.twe to hermm 1ength as the mds,”' dual for

pmperty may reflect the degree of information independerice between ecmome—-

tric and futures market forecasts across horizon length, For the me*" uarter

horizon, there is certainly less mdepenﬂence than for the 1ongar term hc)r:.—

‘The -t_r-;q___-fgrecas;e::s_ Qf:‘ten -aﬁgust- _thg_u f_Qrec_a;s_‘ts mmxﬂm __

types of forecasts for a me-—quarter hc;mzm than for far }mgar tem

: -mrmms

IX., Summary and (Xanc:lus_ie}ms

’me results Qf ths.s paper may be. szmmamzed by retummg to the questlons |

i:he ecamnetmcany based. forecasts" ’I‘he emdence is mt overwhe},mmgly in.
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favor of either. BHowever, the results, as a whole, suggest surprising accu~
racy in the futures market prices as forecasters as compared with the econome-
tric forecasts. Futures market prices seem to be a clear favorite for soybean
oil and meal. On the other hand, some of the econometric forecasts seem to be
preferable for livestock commodities while results for other commodities are
mixed.

Does the absolute and comparative accuracy depend upon the forecast hori-
zon? Is the relative and absolute forecast accuracy ccmnodity depenéenté‘?' The -
effect of forecast horizén on absolute forecast aecuracy apparently éiepends tao

a large extent on characteristics of md;.mdnal markets. For active’ ami uc- .

tuating markets such as soybeans, the longer term forecasts are more mrate )

‘than short horizon forecasts. For more stable markets such. as, wheat and h@gs

=f:m the other hand absolute accuracy decreases dramatlcal}_y wzth forecast henw' =
zon. Examining relative accuracy, there are also some striking d:i.fferenc_es
among commodities. For the livestock commodities, the accuracy of ecmanei:rzc '
forecasts relative to futures market prices seem to clearly improve with the
time horizon of the forecast as we would expect., The fact that these tre nds

- are notapparent for thegram max:kei:s may reflect greatez: (relat':

;_'bili-ty'bf infotihatim:'iﬁ"'ﬁﬁe'futu‘res' tr :nt}f'éf"gr: 'ns.- ’I‘hls resu,’
‘associated with more melastw shortwtem sufsply xesponse and mre ‘accurat
estimates of acreages than of cattle nunbers The fact that ecormnetrlc fsre-
casts do not dominate futures market pric:és for any of the existing contract
horizons thus seems to indicate that positive social benefits may be forthcom-
ing from trading of longer horizon futures contracts. This conclusion is .

underscored when one considers the benefits from composite forecasting.
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What improvements in forecasting accuracy can be achieved by formally com-
bining futures markets and commercial econometric forecasts? Our results sug-
gest that the improvements in accuracy can be dramatic. In some caées- the
' ,perfoxmance of the ccam@c;sxte f@recast is m;:e thm 50 percent b&tter than the
best mdwzdual farecast. _ Hence, the evzdence Qresentea m Sectzon VIII d@m—
onstrates that eeommetrlc and’ futures market fmrfecasts contam erxough 1&@-

pendent information so that they may be valuably eombmed. ;_ -

"'t1vzty of amposzte forecast perfomance to horizon Iength vig-a
forecasts.
Of course, before the results presented m this paper cn the moslte

fcrecasts are operatmnalized in an actual demss.on context, much raaams to

lsen_se:; Third, ocmposzte estnnatzm prooedures can be easslly dev Tols

are ﬁﬁpermr to -ordmaxry least ‘squares. Such: prmdures, in aﬁd:ttz"m te

"errors in var:.ables" farmulatmns, nght mvolve farmal alsi for _the

“basxs“ determmats.m as we]l as the magmt;ﬁe i)f tha bzas and 15:

.'stw.:ucture over the forecast hor izon for hc:th emnometrm and fui;ures market



50.

forecasts. Fourth, once the above three tasks are completed, the results
should be integrated with risk management frameworks (e.g., decision support
systems) to assess the real value of information provided by composite com—

modity price forecasting L

TR e WM W W oWR e e ek e R I EEE MR W M nWr TR MR MR M MR i W W TWE B Gl MR R ke i e TR W WM we e e e

1/ Of course, in any case, these frameworks or decision sﬁppc_}rt systems
should be viewed as an aid to experience and sound judgment, never a substi-
- tute for such valuable characteristies. '




The price series forecasted by the econometric firms congsidered in this

study are as follows: «

Wheat:

Cotton:

Soybean oil:
Hogs:

Live cattle:

ﬁc’mcagq (dellars per bushel} .

-Doéhes—-—Average pzme: z:eceived by famex:s, ‘Unite

51.

Appendix A

Chase and Whartonmﬁc, 1 Hard R;éd’ Winte’::_ 'wheat; K_'ansas City
(dollars per bushel). L :

noemes--werage price received by farmers, United States
{dollars per bushel).

nRzm-Average of Kansas City, Minneapolis, rtlané, and
St. - {ouz.s prmes {éonars per ?mshe},}. T
Chase, . DRI, and Whartaﬂ-—m. 2 Yellow corn, Chlcaga
(dollars per bushel) . _ _ e
Doanes——~Average price recewec‘:‘ by farmezs, _Umteé States
(z.’bllarsper bushel} sl e

Chase, Dpanes, and Wharton--Average price recemad by
farmers, United States (cents per pound) .

BRI—-—Uplarﬁ cotton lint pnce, U. 8. Bepartment ef
Agriculture (cents per pound).

Chase, DRI, and Wharton--No, 1. Yellmz mybean oy

(dellars per bushel) o

Chase, DRI, and Wharton—-Bulk, 44 percent protezn pnce, :
Decatur (dllars per ton).

Chase, DRI, and Wharton—Crude tank f.o.b. prz.ce, ﬁecatur
{cents per pound).

Chase, Doanes, DRI, and Wharton—7-market. average grme: B
barrows ‘and gilts {c‘iol}.ars pet hun&re&mlght}. L s
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Appendix B: Composite Forecasting

The composite forecasting approach has been available in the literature
for over 10 years {B&rn&ré; Bates and Granger; Granger and Newbold; Newbold
- and Granger; Johnson and Rausser). To motivate the approsch; assume two fore-
casts, i:% and f)?t, of p, are available. Assume initially the tw fcarecasts |
 are unbiased and are bivariate rormal. In particular, the efrors of the

forecasts,
R & =P " P -and €L TP

are distributed as

{2)

The combined forecast is simply the weighted average of the two sim;éle fore~

casts, i.e.,

: .(33‘ s

n 'géneral, k will be in the unit interval if the forecasts are unbiased.
Presmmng the individual forecasts are unblased, it follows: thatE@g)w o
P,. The variance 0'{2: is computed directly using the distributional assmxp— |

tions in (2), i.e.,

P 2 252, 1252 -
{4) : Q’c: = K Ul + (1 - k) Os + 2k {1 =K} POy 32-



2

casts, B and ﬁt' In ganeral, the ocmposlte foraeast varlance 02. mll be. -

optimizing composite forecast variance is egual to the minimum of. the vari-

mdw;.dua}, forecasts .

and (5) Flrst, the denanmator for {5) 'is alwa

related.

53.

The value for k, which minimizes this forecast variance, is

| 2
g - po, ©

5) k0=222 1%

Oy + 9y ~ 200y 0y

Substituting ko from equation (5) into (4) gives the expression for the

variance-minimizing composite forecast,

2 2

2 - 01 02 (l - {J }
g | Fgm R
c© o) + 6’2 - 2p 2

The denominator for equation (6) is the variance of the difference in fore~
A1

-.'mallex than the minimum of the variances of the mﬁwzdaul forecaSts. Ch

special cases are p = 0,/95 or P = 0,/0,, For these special cases, the

ances of the individual forecasts. It is this result, 'equatiozx-'('éz-)',"‘ﬁhat' 1s :

the basis for claims that composite forecasts wﬂl be at least as good as: the

A nmnbex: ef aéd1t1mal specialmed results f@ m fmm 'aqua i

Of kg is 6eterm1md by the numerator. Specxflcally. i’t: can be aasily sfnwn

that the sign of k., is determined by whether Uz/crl % p. Usually . the valua

0
for k would be constrained to be positive. The fact that a negative k is

admitted and perhaps optimal is of interest. An inferior forecasi:’ ma’y merlt

by ps that is, if the parts unexplained by the tm forecasts are closely
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On the basis of the above framework, a number of additional results can be

obtained, including the sensitivity of o’_ to p, alternative estimation

procedures for k (especially for small sgmples) . any finite ﬁwnber of indi-
vidual forecasts, and the treatment of wné‘xtlmal f@recaats‘ . For 'fuz:-t‘her _
details, see Johnson and Rausser. Of mnedlate c:oncern for the §resent analy—
sis is the case of blaseﬂ zn&mwdﬁ;aﬁl forecasts. .'ihat is, the f;:stums market
and/or the econometric mde:{.s mvestxgateé here may generate biaged farecasts.

For the case of one or mre 1rﬂ1va.§ual bxaseﬂ forecasts, 1et
R N . R ﬁ

The mean squared error of the canbined forecast under this c:.r::mtanoe is

02 o 42 2
mc

wkU«i-(l—k) 5+2k (1-k 0o 0,
® 2 ;2 2
6 ; % T .

The mean squared minimizing value for k is now given by.

2 _ 2 |
- “‘2-1 00y 0, + + B 8y 8 1:2_

m;'zsacfl o, 4 62 '4- 57--

Note that, if just one of the forecasts is biased, say ¢ 0, then k- ig_ R |

£2

’t‘ -
the same as kj except for the additional term in the _demmator. _6,‘,:1-. This
additional term has the effect of lowering k _ and thus cetens parlbus '

2 t
mcreasmg the weight on Pt in the composite forecast.




55.

References

Anderson, R. W., and Danthine, J. P. Hedger Diversity in Putures Markets:
Backwardation and the Coordination of Plans. Ceolumbia University,
Graduate School of Business Research Paper No. 71A

'Bamard, G. A. "New Methods of Quality Control," Journal of f:.he
: Stai:;.stlcal Society, Series A, 126 (1963), pp. 225*259. .

‘Bates, J. M., and Granger, C. W. J, '"me Cmbmatlm of Foxae::asts,"j__:‘rat;ons '

Researeh Quarterly, Vol. 20 (1969}, po. 451—468.

Brennan, M. J., "The Su;)ply of Storage," Amerman:tc _Reviéw,.fﬁml.ééﬂ

:Danthim, -.-J,, Informatlm, Futures Prmes, and. Stab:tlzzmg" Sgeculatmn', :
' Journal of E@onanzc Theory, Vol. 17 {1978) ' pp._79-98. ,

Peder, Gw Just, R. E., and Schmitz, A., "F‘utums Markets and he
s F:u:m Under Pr:uce {’fncertamty. Umverslty of Cahfarma, De ﬁt'oﬁ

| -"'-Fzzg}.mski, .', “Market Effmxency in a Ma:ket mth Heterege
tion," Journal of Political FEconcmy, Vol. 86, No. 4
po. 581-597,

(Auéﬁst{ 978),

Gardner, B. L., "Futures Prices in Supply Analysis," Americzan Jmurna’i 0f Ag_ww
cultural Economics, Vol. 58 (February, 1976), pp. 81—84, _ i

Granger, C. W. J., and Newbold, P. Fox:ecastmg Ecormm 'I’lma Sem.es. Hew
York' Academic Press, }.9'77

_ Gmssman, '8, J.s "The Existence af Futiures ?;s!ark' s, Nois
o tions: and Informational Externalities," Review of B
%1 44, No. 3 {october, 19?7), e, 431.—449.-_:.__

"chks, J R, value and C@pltal. London Oxford anvermt

Johnson, S. R., and 'Rausser, Gordon c. "Xnoorporatmg Sp&l&l"""tﬁ Sub ot

at the Third Syzrposnm on Econcmetric Modeling and E’orécéét ng inU. S.
Agriculture, Washington, D. C., May, 3.9‘78 '

‘Raldor, N., "A Note on the Theory of the Forward Market,” ’Ihe Revmw Qf
nomic Studies, Vol. 7, No. 3 (June, 1940), pp. 196-—2»01. S

Keyms, J. M., "Some Aspects of Ccmmdlty Ma:kets, Manchester Guaréxan Gam—
mercial: European Reconstruction Series (March 29, }.923), ANEISENE oy

zabys, W. C., and Granger, C. W. J. Speculation, Hedging ami “'-'.'1ty Price
: Forecasts. Lexington, Massachusetts: D. C. Health & C@., 3.978. '




56.

Newbold, P., and Granger, C. W. J., "Experience With Forecasting Univariate
Time Series and the Combination of Forecasts,® Journal of the Royal
Statistical Society, Series A, 137 (1974), pp. 131-146. :

Peck, A. E., "Futures Markets, Supply Response and Price Stability," Quarterly |
Journal of Economics, Vol. 920, No. 3 {Auwgust, 1976), po. 407-423,

Samuelson, P. A., "Proof That Properly Anticipated Prices Fluctuate Randomly,"
Industrial Management Review, Vol. 6 (Spring, 1965), pp. 41-49.

8t. George, G., Bell. T. M., Overton, E., and Roop, J. "An Evaluation of
ESCS, Chase, DRI and WEFA Agricultural Forecasts," Unpublished Manu~
script, U. S. Economics, Statistics, and Cooperatives Service,
Washington, D. C., March, 1979,

Tomek, W. G., and Gray, R. W., "Temporal Relationships Among Prices on Com—.
modity Putures Markets: Their Allocative and Stabilizing Roles," '
American Journal of Agricultural Economics, Vol. 52 (August, 1970),
rp. 372~380. -

Tarnovsky, S. J. "Futures Markets, Private Storage, and Price Stabilization.,”
Unpublished paper, Australian National University, 1978.

Working, H., "Quotations on Commodity Futures as Price Fcrecas’ts,"__m
' metrica, Vol. 10 (January, 1942), pp. 39-52. S

» "The Theory of Price of Storage,” American Economic Review, Vol. 39,
No. 6 (December, 1949), pp. 1254-1262,






