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The methodo;ogical approaches taken to construct such models can
differ considerably. Of the major methodologies described in
Table I, econcmetric market models, spatial equilibrium modéls,
and system simulation mode1$ are applied most often to inter- l
national commodity makrets.

Commeon to these methodologies is a structure represented

as follows :

c

(1) D = d(D_;, P, P, A)

(2) Q = Q(Q_la P_e’ v, Z)

(3) | P = p(P_;, I/D) _ .
‘(4) I = I—_l + Q@ - D

‘World demand is explained as being dependent on prices P,

prices of one or more substitute commodities P®, and

economic activity A. World supply also would depend on prices as

well as natural factors N(suéh as rainfall)and a possible policy

variable Z. A lagged price variable is included since the supply.
prdceSS'is normaliyldescribed using some form oéAthe general class
bf distributeé lag functions, Thése ﬁrices are also linked to the
invento:y/consumptién ratio I/D in the price equation. The model

is closed using the world market clea%ingvideﬁtiﬁy which equates

inventoriesvwiéh iagged‘inventories plus supply minus demand.,

Other possible explanatory factors, expectations variables, and

@

" the customary stochastic disturbance term are omitted for simplicity.

It should be noted that when the above model refers:to
national commodity behaviour, fhe inclusion of trade relationships
gives it an in:ernationai charactgr. For examﬁle,’if commodiﬁy
exports are deﬁerminediéh&&geﬁousiyxégd imports are given, the

identity (4) would bde fepiace&w@y two eguations.
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(5) X = x(X_y, P, A )

(6) 1: =*1 + Q + M - D - X

,The econame;ric Aescription of such models as further explained
in Labys {(19273) is of the form : |

| k ) |
Y =
(7) AY + égl Ag Y o+ CX = U

where Y is a vector of endogenous variables,/Y_9 is a vector of

lagged endogenocus variables, X is a vector of exogenous variables,

U i; a vector of stochastic disturbances,jand A and C are appropriate

parameter»matrices. )
Many of the proEiems encournitered recently in applving and

adapting theée models pertain to international as wellbas doméstic

cdmmodity models, but ocur focus is on the former. Forecasting of

commodity quantities and prices since 1972 has been a major problem

for international models. Not only did fo;ecast and actual values

differ considerably but forecasts in nominal rather than real

terms proved impossible because of rapidly increasing inflation,

the rates of which variéd consiéerably among nations. Relevant

to this problem is that fact that the market structures underlying

international models change more rapidly than do the structures

Jiﬁherent to domestic or macro models. The impact of this

structural instability is the ready obsoleserce of model parameters.
In.ernational models also suffered ffom specificéticu error,

particularly invtﬁe omission of monetar§ and speculative factors

which increase in importance during periods of uncertainty.

Fluctuations in exchange rates made price and income forecasts

+ Speculation

n

difficult, mos:t models excluding these factor

.principally in the form of futures trading also influenced prices



The volume of futures trading increased noteably not only because

‘of a shift away from less tangible to commodity assets but also

because of hedging against exchange rate instébility and general
uncertainty. Models embodying freg £radé’a1so wére hampered o
because of actual or expected mo?ements towards proﬁucer cartels.

Finally, the widening of price differentials between
countries led to substitution patterns which ﬁost models cogld»
not duplicate, either because of imprcper specificatian'of of 2
failu?e to link the model in a mﬁltiéommodity framéwork. Iphefenﬁ
to these;problems was z shift in the techﬁblogihalwecological
availability of comiqdities. Interna;ional commodity‘inventéries
were,éxtremely low; models which now‘had to explain supply
independent of iﬁventory adjustmentslfailed because c¢f their
inability to ekplain production in te;mS'of the climatic or other
facto;s responsible for reduced output.

in diécussing contributions which can help in solving some
of these problems, é_general review of commodity modeling develop-
mentslhas been avoided. This has been prcvidgd recently by‘King,

by Cromarty and Meyers, and by Labys (1975).” Instead emphasis

.

is placed'upon a set of particular challenges which we could hope

tO meeto

Improving Model Forecasts

Not much progress has been made in improving forecasts
with international commodity models. Although characteristics of
macro models which contribute to their forecasting efficiency have

been examined on a continuous basis, no similar approach has been

taken for commodity models. Teigen has compzred the forecasting




performance Sf priées'far'five modeISrdescribing the U.S. beef~-
caﬁtle‘market, bﬁt-thebcontrASts dtawn have»been mainl& wiﬁh‘b
f;spect to-timés series or unobéérved compdneﬁt fcrecasting‘!
methodé.v Of;the'rgsults-obtained ﬁhibh migﬁtibe 6f‘intere5£;
he found that forecasts from the commodity mbdels were not
supeiior to those based on the.no-chénge or naive forecasting
method (using‘moﬁ;hly,»quarterly, and annual data). Ihis would
confirm‘the résults of Labys and Grangér whb not only compared a
numbex of times series forecasiing methods iﬁcluding thaﬁ of
Boi—Jenkins (ARIMA), but also attempted to fit the price forecast
equations optimally using spectralbanaiysis to decipher the under~—
lying price behaviour. ‘However, we should remember that commodity
models are superior for explaining market behaviour, while the
tim¢ series methods are valuable for providing forecasts of a low

cost nature. The former are also probably better able to cope

with the changes encountered during a period of uncertainty.

" Updating Model Parameters

A problem often responsible for poor forecasfing perfor-
mance in international models is that %tructura} adiustments in
the underlying markeﬁs result in changes in Ehe level of model
parameters (as distinct from def%ciencies in specification).
’ ' . ’ ‘
These‘changes can arise from adjustments in the response of
economic.decision units such as shifts in technology or in tastes
and preferences. Similarly, théy can stem from the approximations
used fér macré relations. Here changes in the relative importance
of groups constituting tﬁé@ﬁiero uﬁité@of such é,relation can upéet

the given weighting pattern and; hence the assigned parameters.



- into permanent and transitory:

One approach taken to counteracting these difficulties
has been to assume that the estimation process will improve as

more information is added. As an application of time-varying

‘parameter methods, Freebairn would combine Bayesian estimation Sk

strategies with adaptive control theory. The updating relations

used in his model of the U.S. beef market would thus be defined’

.as recursive functions. Based on an equation containing a single

dependent variable from the econometrid,model,(7)a

, + =
(8) Ve Bexe = th

the parameter adjustment function would be of the form : .

)  B_,. = HB_  + w

t+1 tr Tt

where H is a coefficient transition matrix and w is a stochastic

vector. Integrating these factors into the model according to

adaptive control theory, Freebairn analyzes the selection of

!

optimal beef import quotas. While séme‘of these outcomes are'
reported in tefms of control.pdliciés by Ragsse; and Freebairh,
it would be uSeful';o learn how the‘updétingrprocedure could be
used to improve basic model fofecasts since 1972.

Other approaches to the time-varying parameter problem

include systematic (mon-random) variation methods and random-

coefficient methods. Within the‘first_category, Goldfield zand

Quandt aszume that a model's param-ters can change discontinucusly,
suggesting a solution which involves '"switching regressions".

For commodity applications, it is probably more relevant to consider

N o ’ . }: ‘, "'- : > - r N
the work of Cooley and DeCan 9 basedwggmgggt;guous parameter

a%j@&tQQEEL Here the parameters aggyjénsidered as being divided

mponents




(10) B = Bp + u

t t t
P. _ gP
(11) Bt Bt."l * vt !
"where
cov (u) = (i "a)82§1
L2
cov (v) = as” >}

For forecasting, the parameter process can be considered one

pericd past the éample

T+1
P - p
(12) B,“1 = Bt + }_\_ v,
s=t+1
_ ' > T+1
(13) Btv = BT+1 - >i lvs + u

Some results obtained by the authors in dealing with supply

functions for cotten and wheat have implications for commodity

!

modelers. 1 rst., ”yscematlc varlat on_in parameters was

_dlscovered whlch could be explalned And second, this ap rroach

RN e et At s e s o e e Bt St ez i,

prov:ded a means Lo test che Pxpecfatlbns tormat'on by farmers

o i e S S v e i e

whlch w0u1d be valuable Fgr maklno annual forecasts. Depending on

B —— N s 5 st

" L

whether the aggregate supply of a country is a minor or a major
portion of world output, the ezpectations forﬁation is further
reflected in the permanent and. transitory components of price
variatiop;
The second or random-coefficient method also has received
’ 5

commodity application., 1In particular, Ong has used it to improve

forecasts of daily quantities and prices in the U.S. hog market.



Including Monetary Factors

| c

Another problem of international nodels relating to

e RO
s sk i A =TT

7

opec1f1cat10n has been their frequent 0m1551on of monetary factors,

- et l

g

namely inflation and exchange rates, The accepted procedure for

incorporating the influence of inflation in a commodity model has

been to deflate commodity prices by an index reflecting movements

. . ol o . .
in the general price level, P/P". Such an index as represented in_

the GNP deflator or the wholesale prlce 1ndex should be well

— e
constructed and95341etaelel' Recently Popkln has provided some

guidelines for formulating such an index based on nrimary commodity

activity.

Lovasy, however, has argued that the price index should be

o »ﬂmmmj

~included directly into 2 given commodity price relationship, for

G/:(-)g':,-w
example. 5@"
(14) P = p(P', I/D)

This implies thaebcenmedity prices do not Qary in 2 one to one
- fashion with the general price levelnbut‘only in:proportionu Yet
a full determination of the influence of the'general'price level
would require exemining inflationaryiiac;ore thet éhift demand as
welleas supp1§u oﬁ the'denand siee,yinfletion forces portfolio

' managers to‘switeh from mbnetary to nnysical'er more tangibiev
.assets.  Encnne distribution ean al30 be influences in a way that
would leed to a shiff'in peteerns of eemmodi;y consumntionf
However, these phenomene cennot beneasilf'modeled;. nor can tneif'

influence on snpply be easily specified.




A better possibility exists for including the impact of
exchange raﬁé changes, since the latter can be introduced directly
in demand, supply, or trade equationé (leaving aside commodity
feedback e¢ffects on' the economy). These equations typicaliy
feature national pxice series and hence national currencies.
Equilibrium model solutions are obtained by converting the price
series to a common currency prior to estimation. In deiﬁg this,

»Bjarnason et.al., argued that one should use a base year exchange

P

raté (and base year deflator if neceésaryi, because yearly rates
d§ ﬁo; satisfy fhe "purchasing power parity theéry", i.e. that
‘exchange rates shouid vary directly with the purchasing power of
a~6ation.

Eiliott, however, prefers estimating the quations in

| nétioual cdrrenciesvand then converting the equations to a common

cufrencyvby multiplying the ﬁriée parametei bylthe assumed exchénge
rate. .For e%ample, the demand equation fér country i, would inclqde

“the exchange rate e relative to country j

i

[

d(e jP s Ai)

(15) D, ;3%
»wﬁeréeij can‘vary annually.  Inflation coul@ aléo éé iﬁclgded by
deflating the national price series stated in national §ﬂrrency
prior to estimation. A related empificél stﬁdy by Lamond has

shown that cocoa cénsum?tioﬁ for different countries cduié possiE1y
chéngé by as mu;h asilSZ as a result‘of exchange rate adjustmeﬁts.
:Domihguez also has cbnstrunted a general érbitrage-incentive model
for cocoa, which measures thevinterﬁpatial préce relgticnship

between London and New York as a consequence of the 1967 pound

‘devaluation.



Integrating Speculative Phenomena

Specﬁla;ive and futures markét activity which normally
increase during periods of economic uncertainty can influence
price behaviour and ﬁence érice forecasts. Evidence of this J
influence since 1972 has been furnished by Labys and Thomas,
who Etudied‘the speculative and price behaviour of nine
commodities traded on futures markets in Lenddn and New York.

This would demand an integration of futures market
behaviourial relationships with those typically contained in
a commodity model. 1In f#ct, such an. integration can be baged
on two notions prevalent in received theory : (1) that futures
markets accommddate t%e intertemporal allocation of commodities;
and (2) that they also provide a foqéard pricingvfunction.

‘Both of ﬁhese are consistent with the supply cf storage theory,
whéreby futures prices can be substituted for expected prices in
e

(16) PF - P = P+1 - P = f(I/p)

i

with inventory coverage providing a link between the two.

Among recent empirical work cqnfirming this relationship,

Koii has shown that the forward pricing function ié more evident

for markets with inventories of an annually continuous rather

than a discontinuoﬁs nature, e.g. wheat versus potatoes. And

for the latter, 'Peck has Shown‘t%at the pricing function

improves as producér utilization of a futures market increases.
Based on work By Feck a#kyeil as by Labys and Gfange:;

the cdmmodity model (1)-(4) can easily be ex§&hded ts»intiﬁd@

futures‘market é?tiviﬁy;,‘Th& prﬁae equation would neow fnclude

the futures price PF of contracts for delivery in k.



(17) P p(PF,, 1/D)
The demand and supply of futures contracts would be roughly

equivalent to the level of net long speculative commitments

n . . L n .
8 and net short hedging commitments H , respectively

(18) s s(PF,, R)

n
k

(19) H h(PFk, PF, -P, I)

k

= o

ot

where R is an appropriate interest rate. We still awai

]
o
5]

evidence regarding the performance of such a model.
those international futures markets where speculative and
hedging commitments are not reported, Wymer has devised an

alternative approach based on his continuous disequilibrium

model of the world sugar'market.

Linking Models

o

T

What the previous two sections ?evea?,1s,£hehneed to f/}\%:ﬁ
“‘,fj ;

relate commodity models to the broader econcmic environment.

— hMWM

TR e o e

During the recent period, errors in macro forecasting as well
as micro or commodity forecasting occurred because of a failure
to relate the two. Resear chmanﬂ*mnkxng -MACYO and micro models

which has_ taken place suggesta that there is mere than one

As an example, a class of "commodity

phl;osophy to. be followed

pm— 3

oriented development models"»proposed by Labys and Weaver

would interrelate a macroeconometfic planning model for a
developing country with several cammodlty models. ch»a

country which is a major producer of one or several commoditiés,

the impact of changes in related domestic investment stracegies



'

could be evaluated by linking the export sector of the macro

model to commodity models which generate prices based on
world market conditions.

More germane to the forecasting problem is the linkage

of a number of macro or regional models with a number of

for the LINK mode1

commodity models in an international context.

As envisioned
A
Adams would relate commodlty demand with \
- Ty
economic actlv1ty in the developed cougtr!es, .commodlty : J}.
models would yleld prices determining export and import prices,
and the resulting commodity export patterns would define
foreign exchange earnings for
T T e

the developing countries,
‘iterative procedure would assure cons 1stency bptween tae macro

An

qodel varlablns such as 1ncome and the commodlrj quant
and prices.
S

'

i ies
Since this project would require a substantlal
number of commodity model

8, Behrman and others have begun
constructing minimum standard commodity models. That is, mini
modeis designed to emulate market activity by includiag only
the major international commodity characteristiecs.
Such models ;lso have provided the basis for work by
Hicks at the IBRD pertaining to the SIMLINK model system. More
than 20 commodity models have been integrated with a macro-
econometvic regional income determination framework Impest
demand for the commodities stemming
the developed regions is

from economic

o

activity in
compared with commodity exports from
the developing regions, price.level
imbalances between the two.

being a2 function of the
forecast in this broader
pattern

Not only can commodity prices b
context
can

be exploréd. N

but multicommodity

subs ?'] t‘dtLOTl
W LA

<
e &8 U



cdmmercial policies. The latter can include fixed import duty,
ad valorem imbort duty, variable import levy, fixed export
subsidy, fixed impoft quota, percentage import quota, bilateral
quantity agreement, and domestic pfice'support or acreage
allotment. Examples of the impact of such policieé on long
term forecas;s~can be found in thg spatial equilibrium trade
models of Bawden related to wheat, feed grains and beef and

of Schmitz and Bawden related to wheat. No résults have

appeared concerning how the forecasts of such models have held

up over the recent period. Wlth respect to support price and |

e - AN o A
Houck EE’EE' have shown how to /%@ﬁ 4

cémblnevthese p01161e:%1hfo an "efﬁective support price' '\\\

variable. The impact of these policjes as related to soybean

support pfices as well as to crops‘competing with soybeans

are evaluated in the soybean model c;nstructed for this purpose.
A second approéch would consider go#ernmeﬁt intervention

s

-which has continued for a sufficiently long time that it

s

exhibits certain regularities. These can be described gs
behaviourial relationships and integrated into the model. .In
thiSucase,vthe go?grﬁment or palicy variables become endogenous.
Among the theories avallable for explalnlng thl” behaviour, one ﬁ“\/ﬁ

S mp«mb,ﬁ,ﬁ__ﬂ.‘m_w

~assume¢ that the’ polltlcal reaul"“itles ar.

PP

s

has been contained in simulation stuﬁies which attempt to
maximize some sccial welfare function. An approach advocated

by Zusman {(p.2) as being more reslistic would view "political

R

behaviour as a process 0‘ accammod an among conflicting

o e SR -



T et

'yﬁpterestsy‘whtre'the'attained political-economic equilibrium

. . . M“W“ﬂ’w}
represents a simultaneous solution to the economic system and

i

the associated political conflict". To illustrate this viéw,

he further presents a sugar model embodying the political

: relationships according to the theory of cooperative games,

with implications given for Israel's sugar import policy. No

forecasting results . of applying this method have appeared.

Conclusions

: This paper has focpséed upon a number,of'econometric.
approachés‘which éan be»takén in constructiné”aﬂd applying
international commodity models dufing a pefiodvof';ajér economic
chgnger We have thus examined the_;ssumptidnsbunéerlying»the
wodels'as_well as the responses that model builder#’can make.
But ﬁhe undeflying premise haé been that suéﬁ models will
remain useful f;r éxplanato;y and forecastingvpufposes.. Given

present limits, this paper could not deal with a number of

TOther‘impo:tant,factors. For example, it would be useful to.

study the integration of public forecasts, the use of communi-

‘cations technology for more rapid updating, the benefits of
modeling climatic conditions, the specification of non-

Lcompétitive market adjustments, the introduction .of better

measures of risk and uncertainty including disequilibrium

conditions, the analysis of“intércdmmbdity substitution, and,

the effects of changes in regional trade groups. 3But the
approaches discussed hére should'offer‘immediate andbpracticél

possibilities for model revision.
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