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Introduction 

Researchers today are encountering overwhelming econom~c 

and methodological problems in specifying, estimating and 

simulating commodity models in an attempt to adapt them to our 

These problems in fact 

beco6e amplified when dealing with international commodity markets 

where the uncertainties of political ~nd economic behaviour 

increase as do the variety of shocks to the syste~. Since our 

means of coping with these problems are limited, a substantial 

' 
complexities of international markets. ,,._ 1--. J ,. _, l. s p a p e , 

provide a bac~ground on methodology and problems; 

offer suggestions as to how model builders can c~rc a~cortlinJly. 

Background 

B~ a commodity model is me~,t a quantitative representation 

of a commodity ma~ket or industry; the empi=ical relationships 

included reflect demand and supply aspects of price determination 

as well as other related economic, political 2nd social phenomena. 

------•·••-------·--
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' The methodological approaches taken to construct such models can 

differ considerably. Of the major methodologies described in 
i 

Table I, econometric market models, spatial equilibrium models, 

and system simulation models are applied most often to inter-

national commodity makrets. 

Common to these methodologies is a·structure represented 

as follows 

(1) D = d (D _ l' P, Pc, A) 

(2) Q = q(Q_{, p 
-e' ·r, Z) 

(3) p - p(P_l, I/D) 

(4) I = I + Q D 
-:-1 

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

prices of one or more sub,.;tituta corumoditi_iu1 pc, ,and 

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

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

variable z. A lagged price variable is included since the supply 

process is normall~ described using some form of the general class 

of distributed lag functions. These prices are also linked to the 

inventory/consumption ratio I/Din the price equation~ Th~ model 

is closed using the world market clea~ing identity which equates 

inventories with lagged 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 refe·rs to 

national commodity behaviour, the inclusion of trade relations~ips 

gives it an international character. For example, if commodity 

exports are determined.~ndcigenousiy iJd imports are given, the 

identity (4) would be replace~-J~y two equations. 
¼: 

f . 
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(5) X = x(X_ 1 , P, A ) 
X 

(6) I = I 
-1 + Q + M D X 

The econometric description of such models as further explained 

in Labys (1973) is of the form 
k 

(7) AY + L A0 y + ex = u 
G=l -9 

where Y is a vector of endogenous variables, Y_ 0 is a vector of 

lagged endogenous variables, Xis a vector of exogenous variables, 

U is a vector of stochastic disturbances, and A and Care appropriate 

parameter matrices. 

Many of the problems encountered recently in applying and 

adapting these models pertain to international as well as dom~stic 

commodity models, but our focus is on the former. Forecasting of 

commodity quantities and prices since 1972 has been a maJor problem 

for internationa.l models. Not only did forecast and actual values 

differ _considerably but forecasts in nominal rather than real 

terms proved impossible because of rapidly increasing inflation, 

the rates ot which varied considerably among nations. Relevant 

to this problem is that fact that the market structures underlying 

international models change more rapidly than do the structures 

inherent to domestic or macro models. The impact of this 

structural instability is the ready obsolesence of model parameters. 

Iu~ernatio~al models also suffered from specificatica error, 

particularly in t~e omission of monetary and speculative factors 

which incr~ase in importance during periods of uncertainty. 

Fluctuations in exchange rates made price and income forecasts 

difficult, most models excluding these factors. Speculation 

,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 ~lso 

because of hedging against exchange rate instability and general 

uncertainty. Models embodying £ree trade also were hampered 

because of actual or expected movements towards producer cartels. 

Finally, the widening of price differentials between 

countries led to substitution patterns which most models could 

not duplicate. either because of improper specification or of a 

failure to link the model in a multicommodity framework. Inherent 

to these problems was a shift in the technological-ecological 

availability of commodities. International commodity inventories 

were. ~xtremely low; models which now had to ~x~lain supply 

independent of inventory adjustments failed because of their 

inability to explain production in terms of the climatic or other 

factors responsible for reduced output. 

In discussing contributions which can help in solving some 

of these problems, a general !eview of comm6dity modeling develop­

ments has been avoided. This has been provided 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 meet. 

Improving Model Forecasts 

Not much progress has been made in improving forecasts 

with international commodity models. Al though characteristics .of 

macro models which contribute to their forecasting efficiency have 

been examined on a contlpp~us bas ~-0 similar approach bas been 

taken for commodity m6dels. en has compared the forecagting 



performance of prices for five models describing the V.S. beef­

cattle market, but the contra~ts drawn have been mainly with 

respect to times series or unobserved component forecasting 

methods. Of the results obtained whi~h might be ~f interest, 

he found that forecasts from the commodity models were not 

superior to those based on the no-change or naive forecasting 

method (using monthly, quarterly, and annual data). This would 

confirm the results of Labys and Granger who not only compared a 

number of times series forecasting methods including that of 

Box-Jenkins (ARIMA), but also attempted to fit the price forecast 

equations optimally using spectral analysis to decipher the under~ 

lying price behaviour. Howeveri we should remember that commodity 

models.are sriperior for explaining maiket behaviour, while the 

time series methods are valuable for pioviding forecasts of a low 

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

with the ch~nges encountered during a period of uncertainty. 

Updating Model Parameters 

A ~roblem often responsible for poor forecasting perfor­

mance in international models 1s that ~tructural adjustments in 

the underlying markets result in changes in the 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 1n technology or in tastes 

and preferences. Similarly, they can stem from the approximati6ns 

used for macro relations. Here changes in the relative importance 

of groups consti~uting bhi ~icro uhitsA~f such a relation can upset 

the given weighting pattern an4~lence the assigned parameters. 



One approach taken to counteracting th~se difficulties 

h~s been to assume ~hat the estimation process will improve ;as 
I 

~ore information is added. As an application of time~varying 

parameter methods~ Freebairn would combine Bayesian estimation I· 

strategies -ith adaptive control th~ory. 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 

depe~dent variable .from the econometric model (7). 

( 8) + = 

the parameter adjustment function would be of the form 

(9). B 
t+l 

where His a cri~fficient transition matrix and w is~ stochastic 

:vector. Integrating these factors inbo the model according tri 

adaptive control theory, Freebairn ~nalyies the selection of 

optimal beef import quotas. While some of these outcomes are 

-

reported in terms of control policies by Rausser artd Fteebairn, 

it would be u•eful to learn how the updating procedure could be 

us~d to\improv~ basi~ model forecasts since 1972. 

Other approaches to the time-varying par~meter problem 

include·systematic (rion-random) vari~tion methods and random­

coefficient methods. Within the first _category, Goldfield and 

Quandt as:;ume that' a model I s para~IL::::ers can change discontinuously; 

suggesting a solution which involv_es "switching regressions". 

For .commodity applicaticins, it is probably more relevant to conside~ 

the work of Cooley artd De(fapio based: on continuous pBra.1ruoJ;Jt!._ · J 
a~u-s-.t~ Here the par,f.un~ters ax;e\:t;l~nsidered as being divided 

in to permanent and tr ans i tor y f.fJ,;;b-qiponen ts 
?'.:~J,z~·: 



(10) B = BP 
t t 

(11) BP = BP 
t t-1 

where 

cov (u) = 

cov (v) = 

+ ut 

+ V 
t 

2v 
{ 1 - a) s "~ 

u 

2 -
as "' . /-1. V 

For forecasting,· the parameter process can be considered one 

period past the sample 
T+l 

(12) 
p BP + ~ V BT+l = 

t L...-. C 

s=t+l~ 

T+l 
(13) B = BP > V" 

+ u 
t T+l t= t + 1 "' 

Some results obtained by the authors in dealing with supply 

functions for cotton and wheat have implications for commodity 

modelers. 

discovered which could be explained. And secondt this approach 
·-~--=-~--, ,. ' ---·-~--~-------- -·---<=·-------~-~-~-~ ----- ~ ~ - ------~--~=-~-~ ~··----<.=,-0,=-- ---~-----

provided a means to test the expectations formation by farmers 
-·-----· ~ ·- --- ~,-=-.,--~---~--·------~---- ~- - --~.----·------~- ~--------.-.<-.--. -~~--~--~-----~•-------- ··--··"<....._,',__, __ -'-"" ..• , _____________________ • ____ . ______ .,,._,_,, -"-~--~-.~--- .. 

which would be valuable for making annual forecasts. 
' -. ·•""• "" "-•~ "•--•• -._-a~-----,.·,~--• •--- ~-. -- . ' ',L--· ; ~":~--•-•-.,------' • - _, •----. ,--,~ , ""' • -·.•-/"'•·-·-c-·•-•·~- -:-

Dep,~nd i ng 

whether the aggregate supply of a country is a minor or a major 

portion of world output, the expectations formation is further 

reflected in the permanent and trans:i.t'ory components of price 

variation. 

on 

The second or random-coefficient method also has received 

commodity applica~ion. In particular, Ong has used it to improve 

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



Including Monetary Factors 

Another problem of international ~odels relating to "-------,...----· ------. ----------~'--~ C'i·~ 
specification has been their frequent-_omistlon of monetary factors, 

----··-- --- -- - ---- I 

namely intlation and exchange rate~~ 
~-~_.....,.,_.,_=>.,s~·,~..,,,, .. ____ ~-~•~___...=.,,._-.-•~-=--· -- -- -· 

The accepted procedure for ._J 
incorporating the i~fluence oi inflation in a commodity model has 

be.en to deflate ·commodity prices by an index reflecting movements 

in th~ general price level, P/Pi. 

constructed and predictable. Recently Popkin has provided some 
-~~--.~·"''°'"""'~-'"-=-==-",L=----·--- .-,- --·-- - c¢.; --· - ---~ 

guidelines for formulating such an index based on primary commodity 

activity. 

Lovasy, however, has argued that the price index should b 
~~~~ 

included directly into a given commodi~y price relationship, for 

example 

(14) P = p(Pi, I/D) 

This implies that commodity prices do not vary in a one to one 

fashion with the general price level but only in proportion. Yet 

a full determination of the influence of the general price level 

~ould require examining inflationary (actors that shift demand as 

well as .supply. Ori the demand side, inflation forces portfolio 

managers to switch from monetary to physical or more tangible 

assets. :;:>,co me d i's tr i but ion can a ; , o be influence s in a way that 

~ould lead to a shift in patterns of commodity consumption. 

However, these phenomena cannot be easily modeled; 

influence on supply be easily specified. 

nor can their 



A better eossibility exists for including the impact of 

exchange rate changes, since the latter can be introduced directly 

.in demand, supply, or trade equations (leaving aside commodity 

feedback ~ffects.on the economy). These equations typically 

feature national price series and hence national currencies. 

Equilibrium model solutions are obtairied by converting the price 

series to a common currency prior to estimation. In doing this, 

Bjarnason ~•~• argued that one should use a base year exchange 

' 
rate (and base year deflater if necessary), because yearly rates 

do not satisfy the "purchasing power parity theory" 1 i.e. that 

exchange rat~s should vary directly with the purchaiing power of 

a nation. 

Elliott, however, prefers estimating the equations in 

national currencies and then converting the equations to a common 

currency by multiplying the price patameter by the assumed exchange 

rate. For example, the demand equation for country i, would include 

the exchange rate e .. relative to country j 
1J 

(15) D. = d(e .. P., A.) 
l. 1] 1 l. 

where e .. can vary annually. 
1J 

Inflation could also be included by 

~eflating the national price series stated in national currency 

prior to •stimation. A related empirical study by Lamond has 

shown that cocoa consumption for different countries coul~ possibly 

change by as much as '15% as a result of exchange rate adjustments. 

Domiriguez also has constructed a general arbitrage incentive model 

for cocoa, which measures tbe interspatial price r~lationship 

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

'd'eva lua. t ion, 



Integrating Speculative Phenomena 

Speculative and futures market activity which normally 

increase during periods of economic uncertainty can influence 

price behaviour and hence price forecasts. Evidence of this 

influence since 1972 has been furnished by Labys and Thomas, 

who studied the speculative and price behaviour of nine 

commodities traded on futures markets in London and New York. 

This would demand an integration of futures market 

behaviourial relationship~ with those typically contained in 

a commodity model. In fact, such an integration can be based 

on two notions prevalent in received theory : (1) that futures 

maikets accommodate the intertemporal allocation of commodities; 

and (2) that they also provide a fo~ward pricing function. 

Both of these are consistent with the supply of storage theory, 

whereby futures prices can be substituted for expected prices in 

(16) FF - P ~ P:l - Pg f(I/D) 

with inventory ~overage providing a link between the two. 

Among recent empirical work confirming this relationship, 

Kofi has shown that the forward pri~ing function is more evident 

for markets with' inventories of an annually continuous rather 

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

for the latter, 'Peck has shown that the pricing function 

improves as producer utilization of a futures market increases. 

Based on work by Peck as ~ell as by Labys and Granger, 

the commodity model (1)-(4) can easily be exp&nded to incl11de 

futures market activity. The price eqcation would new fnc!ude 

the futures price PF of contracts for delivery ink. 



(17) P = p(PFk, I/D) 

The ·demand and supply of futures contracts would be rou~hly 

equivalent to the level of net long specu\a.tive commitments• 

Sn and net short hedging commit-ents Hn, respectively 

(18) = s(PFk, R) 

(19) = h(PFk, P_Fk-P, I) 

where R is an appropriate interest rate. We still await 

evidence regarding the performance of such a model. -For 

those international futures markets where speculative and 

hedging commitments are not reported, Wymer has devised an 

alternative approach based on his riontinuous disequilibrium 

model of the world sugar market. 

Linking Models 

What the previous two sections reveal .,is .. --t-h-e._qeed to J y('f­

relate commodity models to the broader- ~con·o~-ic enviro~::~~ ------:------~~---~----·---~---------------~ 
During the recent period, errors in macro forecasting as well 

as micro or commodity forecasting occurred because of a failure 

to relate the two. 

which h.!!§.~_t.a...k_~_n p 1 ace sJ!_gges ts tha_t _ _tJ:1e re i s ___ m~:L~ .t.h~t1 011e __ 
-~----~- --.---~-·-·:--,..,.____...-,_-·:·~------- ...... ---=----___.,.-,.•--· ---------~---- - . 

philosophy to be followed._ As an example, a class o.f "commodity 
- __, - --------- ----- --.,:,-_,,....,, __ ..,...- =· ~ .. , ..... ~~ 

oriented development modelsfl proposed by Labys and Weaver 

would interrelate a macroeconometric planning model for a 

developing country with several commodity models. For a 

country which is a major producer of one nr several commodities~ 

th~ impact of changes in related domestic investment strategies 



could be evaluated by linking the export sector of the macro 

model to commodity models which generate prices based en 

world market conditioris. 

More germane to the forecastipg problem is the linkage 

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

commodity models in an international context. As envisioned 

for the LINK model, Adams would relate commoditv demand with . -'-"':o-=-~-~-·c:~:~,=,.,-- ... ~ .... , .. ...,., .. ,,~-,."""" .. ~~~ ........... ~ -,~-- -- ·_;, 
economic activity in the develo ed countries; commodity 

models would yield prices determining export and import prices, 

and the resulting commodity export patterns would define 

foreign exchange earnings for the developing countries. An 
,,.- ~--· -·.- ✓----- -~---=---------

iterative procedure would assure consistency between the macro 
r--·------ - -··----- ------... -· ... 

mqdel variables such as in~ome and the commodity quantities 

and prices. Since this project would require a substantial 

number of _commodity models, Behrman and others have begun 

constructing minimum standard commodity models. That is, mini 

models de~igned to emulate market activity by including only 

the major international commodity characteristics. 

Such models also have provided the basiR for work by 

Hicks at the IBRri pertaining to the SIMLINK model system. 

than 20 commodity models have been integrated with a macro-

economet~ic regihnal income determination -framework. Imp:.: tt 

demand for the commodities stemming from economic activity in 

the developed regions is compared with commodity exports from 

the developing regions, price levels being a function of the 

imbalances between the two. Not only can commodity prices be 

forecast 1n this broader context but multicommodity substitution 

patterns can be explored. 
'¥"\ 



commercial policies. The latter can include fixed import duty, 

ad valorem import duty, variable import levy, fixed export' 

subsidy, fixed import quota, percentage import quota, bilateral 

quantity agreement, and domestic price support or'acreage 

allotment. Examples of the impact of such policies on long 

term forecasts-can ~e found in the spatial equilibrium trade 

models of Bawden related to wheat, feed grains and beef and 

of Schmitz and Bawden related to wheat, No results have 

appeared concerning how the forecasts of such models have held 

up over the recent period. With respect to suE~~~--~-~ P!ice "_§1...:J..9:J. 

I 

. ··""--------------=-c,,••~--------•---------,- --,---- - I 

~-~re ~g ·--r"~t ~i~~~~~ ~: 1 i :_i e: • ~~ck_:".:~ h a"n h £."!LhnR to_ I ><l?!t/ 
combine these policies into an "effective support price" ·,'\/ · 

~' 

variable. The impact of these policies as related to soybean 

support prices as well as to crops competing with soybeans 

are evaluated in the soybean model constructed for this purpose. 

A second approach would consider government intervention 

which has continued for a sufficiently long time that it 

exhibits certain regularities. These can be described as 

behaviourial relationships and integ!ated into the model. -In 

this case, the go'v.ernment or policy variables become endogenous. 

Amon the theories available. f.or explaining f:,_11_i_~.- be1:_~yJqur,qne 
--,.----- _,..,,. 

assume fi ~~-~J;_-_J:;J1e 'po_! f.ti ca 1 re gu 1 :- ""it~ e S Jl:t:_~ _, I!l§t1Jf est at ions o-f 
,,,,==,~---------,:.--"""=----- -

optimizin behaviour on the part of pqlicy makers. This approach 

has been contained in simulation studies which attempt to 

maximize some social welfare function. An approach advocated 

by Zusman (p.2) as being more realistic would v1ew 1'political 

behaviour as a a1non g conflicting 



interests, where the attained political-economic equilibrium 
~•~•~·· -..,=.- .~="'•"=cc -

represents a .simult.aneous solution to the economic s stem and 

the associated political conflict''. To illustrate this view, ~__:.,, __ .. ..,.....,,,,~· - ~ ... --··-="""=-"--•--.-,,. 

he further presents a sugar model embodying the political 

relationships according to the theory of cooperative games, 

with implications given for Isra•l's sugar import policy. No 

forecasting results-of applying this method have appeared. 

Conclusions 

This paper has focussed upon a numb•r_of econometric 

approaches which can be taken in constructing and applying 

international commodity models during a p~riod of major economic 

change. We have thus examined the assumptions underlying the 

models as well as the responses that modal builders can make. 

But the underlying premise has been that su_ch models will 

remain useful for explanatory and forecasting purposes. Given 

present limits, this paper could not d~al with a number 0£ 

~Cher important factors. For exa~pl~, it wotild bj useful to. 

st~dy the integratfon of puhlic forecasts~ the use of communi­

cations technology for more rapid updating, the benefits of 

~odeling climatic conditions, tbe specifica~ion of non-

co~petitive market adjustments, the. introduction of better 

measures 0£ risk and uncertainty in~luding disequilibrium 

conditions, the analysis o-f intercommodity substitution, and, 

the effects of changes· in regional trade groups. But the 

approaches discussed here should offer immediate and practical 

possibilities for model revision. 
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