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PRIMARY COMMODITY PRICES: 
A TIME -SERIES ANALYSIS OF TRENDS AND CYCLES 

John T. Cuddington and Carlos M. Urzua 

Abstract 

This paper has two objectives . First, i t uses t ime series techniques to 
re-examine the Prebi s ch -Singe r hypothes is that the r e lative prices of primary 
commodities in terms of manufac tured goods a re character ized by secular 
deteriora t i on. It considers 26 individual conunodity prices over the period 
1.900 t o 1983. Second, it studies cyclical behavior of commodity pr ices. In 
the cases where pric.~ series are found to be difference stationary ( ra the r 
than time stationary), t his is done by using the Beveridge and Nelson (1981) 
me thod for decomposing those economic time series into pe r manent (or 
II secularll) and cyclical components. 



1. Introduction 

Primary commodity price movements have important implications for both 

produce r and consumer countries . For example, many LOGs con tinue t o de pend 

heav ily on commodity exports for the bulk of their foreign exchange earnings , < 

a lthough this dependence has declined during the post World Wa r I I per iod . 1/ 

Economic activity in industrialized countries is also a f fected by changes in 

commodity prices , as was amply demons trated by the s upply -s i dE' shocks of r.ho 

1970s. 

Interest in commodit.y price move ments focus es in part on t hei r long-term 

t r ends , i.n part on the ir cyclical behavior , and i n par t on t heir unpredic table 

volatili y (i.e., t he residual noise after taking trends and cycles into 

account). Re garding long-term trends , the hypothesiS of Prebisch ( 1950) and 

Singer (1950) that there has been a secular de teriorat i on in the net barter 

terms of t rade (NBTT) between primary products and manuf,1ct ures has fosce,- .' d 

perhaps more empirical s t udie s than any othe r hypothesis i n deve lopment 

economic s . (For r ecent examples, see Spraos (1980) and Gr illi and Ya ng 

(1988).) The presluned validity of the l'rebisch -Singer hypothesis has provideO 

a strong motiva tion for export diversi fica tion away from pr i mary commodities 

t owards ma nufactured goods in many deve loping count r ies . 

For policy purposes, reasonab l e es timates of the mf.lgni t ude, dura cion, <1 '1(1 

shape of commodity price cyc les are as important as es imat:es of the ir 

1/ According to t he World Deve l. opi~ent Report, 1987 (Pi'. 222- 22:1), the 
rat io of prima r y commodity exports to t heir total merchandiso expo r ts was 80 
percent i n 1965, and fe ll to 60 percent i n 1985 for LDCs taken as a group. 
For the "oil expor t ers" subcategory, however, t he r a tio f ell only slightly , 
fr om 95 to 91 percent, while for the sub -Saharan Afr ican countr i es it rose 
from 92 to 94 pe t'ce n t ove r the same pe riod. 
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underlying l ong-term trends. A good understand i ng of the cyc lical behavi.or of 

conunodity prices is, for example , essential when deciding "hen (or whether) to 

implement countercyclical stabilization policies in countries whose exports 

are domina ted by one or two key cOlllll1odities. The advisability of policies 

affecting production or export incentives i n the agriculture or min i ng 

sectors, for example, hinges on ,,,,.pec ted world price performance . The 

financial viability (or bUdgetary costs) of national commodity stabilization 

funds, as well as the potential benefits and costs of internat'onal market­

sharing agreements and multilateral arrangements such as t he HIF 's 

compensatory financing facility also depend critically on the nature of bo h 

long-term trends and cyclical movements. 

This paper has two interrelated objectives. Firs t, it uses univ a riate 

time series techniques to re-examine the Prebtsch-Singer hypothesis that the 

relative prices of primary commodities in t e rlng of manufactured goods are 

characterized by s ecular deteriorat ion . Second, it decomposes various primary 

commodity pri ces into permanent (o r IIsecular") and cyclical e omponen s in 

order to study t he ir cyc lical behavior. Being based on univarL3te techntques , 

our results should be interpreted only as staciscical descriptions of the 

daca. They leave open the question of the underlying economic causes of the 

trends and cyclical movements, although our characterization of che styl ized 

facts is , of course, a prerequisite for such work. 

As both Spraos (1980) and Grill i. and Yang (1988) have emphas i zed , 

empirical conclusions regarding che Prebisch -Singer hypothes i s depp-nd 

importantly on the choice of price indices for capturing LDGs' te rms o f trade. 

To explore the possibility that our earlier ernp it'ical findings [Cuddington and 

Urzua (1989)J and those of ochers are sensitive to the choice of a particula r 
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primary commodity price index, t his paper takes a disaggrega ted approach . It 

studl.es the individual price movements of twenty-six commodities. The 

underlying nominal pric e data used in this study are free··market quotations 

compiled by the World Bank covering the period 1900-83; each nominal price is 

deflated by a manufactures unit /value (MUV) index from Grilli and 

Yang (1988). 2/ These 26 commodities, which comprise tbe bulk of ,.odd 

commodity trade, include the 24 non - fuel commodities tn a new primary 

commodity price index constructed by Grill t and Yang (198R) plus two P-llitr.E.Y 

pJ;oducts: oil and coal. 3/ The non - fuel group includes eleven food 

commodities : bananas, beef , cocoa, coffee, lamb. maize. palm oil, rice , sugar, 

tea, and wheat; seven non-food ,,~ricultural commoditi.es: cotton, hides, jute, 

rubber I timbe r, tobacco and wool; .and six meta ls: aluminum, copper I l ead, 

silver, tin and zinc . 

Section 2 bri.efly summarizes recent research on long- t erm t rends in 

primary commodity prices to put our study Into context. Sec t i on 3 dis cusses 

the statistical issues involved in estimating trends in economic time series . 

Of particular importance is the issue of whether there a r e unit roots in the 

stochastic processes generating commodity prices . The pres ence or absence of 

a unit root determines whether real commodity prices are morEl appropriat.e l y 

modelled as so-called trend stationary (TS) processes , as Virtually all 

previous research on commodity pr ice trends implicitly assumes, or as 

2/ This series corresponds to the MUV index compiled by the United 
Nations Secretariat except for n"o gaps: 1914-20 and 1939 . 47, whi. ch Grilli 
and Yang filled by interpolation. 

3/ In a companion paper, Cuddi ngton and Urzua (1989), >'e use the S;:l ,ne 

methodological approach taken here t o study the trends ill t be terms of t.rade 
be tween primary commodities and manufactures, as measUl:ed by the new commodity 
price index constructed by Grilli and Yang (1938). 
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difference stationary (OS) processes INelson and Plasse ,- (1982 ) J. Unless th ~. 

appropriate model is chosen , consis tent eBtim"tf>s of the secul ar trends in 

r eal commodi ty prices will not be obt.ained . Based on the unit root tests 

carried ou t in Section 3, Section 4 uses the TS and OS models as r equired to 

ra -examine the empirica l evidence on the long-term trends in primary commodity 

prices. 

Section ~ discusses the decomposition of price mOVem~n ts i nto trend Dlld 

cyclical components . This decomposition, too, depends cr itical ly on tho 

choice of the TS or OS model . In situations where the DS model i s chosen . we 

use the Beveridge and Nelson (1981) technique for decomposing economic time 

serie.s into a permo"nent . trend, or secular component, on the one hand. and .'i\ 

t ('.mporary or cyclical component, on the other. Section 6 summarizes our 

conclusions. 

2. A flrl e f R!,wl.ew of Recent Empiriea l Evidence 

Spraos (1980) pres ents a detailed analysis of the Pr"b isch-Singer 

hypothesis using a number of a l ternative commodity price indices . Comparing 

the index used by Preb i sch (19 50) and Singer (1950) to others now availab le, 

he concludes that evidence supporting the Prebisch-Singer hypothesis of a 

secular deterioration in real commodi ty prices is s tronger wi t h the i ndex th~y 

chose than with the other indices he considered. Using his preferred index, 

Spraos found (somewhat weaker) supportive statistical evidence for the 

seventy-year per iod end ing with t he outbreak of WOl: l d War II . When he 

extended his analysis to include t he post World War 11 period, however, ehe 

hypothesis was open to doubt . In a comment on Spr aos' pape r. S"psfor d (19850) 

found evidence of structural break in the data in 1950. Af te r allOwing fo r 
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this break using dummy variables and correcting for f irst ·orde r 

autocorrelation , he concluded that a significant downward trend prevails in 

the post-war period as well. 

Noting shortcomings with existing commodity price indices, Grilli and 

Yang (1988) constructed several new indices . Following earlier authors, they 

estimated a simp le log - linear model and found a signif i cant down"a rd trend i n 

the NBTT, as well as t h ree sub - indices of t he indiv idua l commodity pl:ices. 

This conclusion was robust to correc tions for both 'first -orde r autocorre lati.on 

and structural i nstability. 

Thir1wall and Bergevin ( 1985), using United Nat i ons quarterly data from 

1954 to 1982, also fit l og-linear models to indices for diffe rent commodity 

groups and individual con~odity prices . For all commodity groups and 

individua l commodities, the terms of trade were found to be e ither trendless 

or deteriorating. Apparent l y, they did not examine the e r ro r t e rms o f the 

fitted models for evidence of serial correlation . As i s welJ. -knoW11, hi gh 

seria l correlation can lead t o e rroneous statistical i nf erences . 

3 . Estimating Trends in Commodi t y Pr ices 

Existing empirical tests of t he s ecular de terioration of commodi ty p r i c('" 

examine the sign of the time coe ffi c ient fJ in a log- Hncar model of t he 

form: 

( 1) 1y(t) - a + fJ*TIME + e (t), 

where 1y(t) is the natural l oga r ithm of th" r eal commodi t y price. The 

residuals in such regres s ion equat ions typically exhibi t h igh ser i al 
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correlation. It is well-known that failure to account for t his se rial 

correlation when estima ting the time trend fJ produces inefficient estimates. 

More importantly , the standard errors on the r.egression coefficients, On which 

hypothesis tests regarding the trend are based, are inconsis t ent unless the 

error process in (1) is adequately modeled . 

Most previous work on commodity price behavior has as sluned that e( t) 

follows a simple AR(l) process. That is, 

(2) (1 - pL) e(t) - u(t) 

where u( t) is whi te noise. The error process is assumed t o be stable (1. e . . 

p < 1) and the Cochrane-Orcutt or other method is used to con:ect for fir st .· 

order serial correlation when estimating (1) . 

A more general procedure, which eliminates the potential misspecifica tion 

involved in assuming (2) when there is hl.gher order serial co rre.lation, would 

be to model e(t) as a mixed autoregressive moving-average (ARMA) process: 

(3) C(L)e(t) - D(L)u(t). 

The model (1) and (3) can then be identified and estimat"d us ing standard Bo,, -

Jenkins techniques. 4/ 

In recent years, estimating tim" trends has become somewhat of a growth 

4/ Although long lags are often disregarded in time se ries modeling On 

the grounds of "pars i mony", there is a common belief in the cormnodity price 
li terature that medium and long .. te rm cycll.cal movements lO"y 1:>e important. For 
this reason , we consider longer lag spec i.f l.cations in our l!Iodels t h"n would 
typically be used in Box -Jenkins methods. The text repor ts mode ls wi t h lags lip 
to 12. Cuddington and Urzua (1986) reports estimated moeleis with lags a s hi gh 
as 30. 
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itidustry in the macroeconometrics lite rature, becaus e o f J:'\ numbe r of 

inte res ting conceptual am! statistical issues ,that arise. I See, e. g., Stock 

and W~ tson (1988 ) .1 The key statistical issue is whether the error process in 

t he general model r e presented by (1) and (3) is in fact stable o r whethe r it 

h"s a unit root . As we disc'uss below, this has important implic ations f or th n 

estima tion of trends as well as the charactcrizacion o f cycle s abou t the s e 

tre nds . [s e e, e.g., Beveridge and Nelson (198l).J 

To facilitate the discussion be l ow, it is useful t o fac to r (3) t o iso l al e 

the r oo t p with the largest modulus . The 'node l (1) - (3) c an t.he n he wr itte' n: 

(4) ly( t ) - a + il*time + e ( ) 

(5 ) ( 1 - pL) A(L) e(t) = B(L) u(e). 

It is assumed that : (i) the lag po l ynomial A(L) is inver t ible, (E ) B( L) a nd 

he nce A-l(L)*B(L) are stable polynomia l l a g ope rators , a'nd (i ii ) t he 

innovat i o ns u (e) in (5 ) a!:e white no ise. As long a s Ipl < 1, (4 ) - (5) is just 

t he trend stat ionary (rS) model on wh i. ch previous analy ses of t he Preb isch -

Si nger hypothe sis were based. 

If there is a unit root (p-l) in (5) , on the other hand, the e r ror 

proces s i s nonstationary and difficult statistical problems a ri s e in the 

est ima tion of (4)-(5) . For example, the sampling dis tribution o f t he o l'dina ry 

l ea st squa re s (OLS) estimator of il in (4) i s not well behaved. This c a n lead 

to OLS es timate s that are not onl y biased J.n fin i te samples bu t , in ma.ny 

a pplica tions, also inconsistent. 5; Nels on and Kang (19 84, p. 80) e mpha s iz8 

5; Although the OLS estimator i s always biased , Plosse r and 
Seiwert (1978) show that it turns out to be consistent · i n he s pe cia l case 
where TIME i s t he only regressor (as it is in many of t he emp iri.cal studies o( 
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the alarming size of this bias: 

A conventional .1; statistic for the least squa res coeffic ient on t ime i s " 
very poor test for the pres ence of trend i n the s ense of " dependenc e on 
time . Such tests l ead to re j ection of the null hypothesis of no 
depende nce in 87% of the cases fo r a sampl .. l engt;:h of 100 a t a nominal 5~ 
level, when in fact there is no dependence on t i me . Attempts to correct 
for ser ial correlation in the residuals only partially correct this 
effece. An investigator applying first order AR cO l'J;ection bas ed on 
sample autocorre1ations of t he residuals would still r e j ect the t rue 
hypothesis at a nomina l 5\\ level >lith 73% probabil i ty . (Ne l s on and K"l1l~, 
1984, p. 80.) 

Thus, the presence of a unit root in the error process e(t ) in the t ypica l 

specification (1) would l ead to misl eading statistical in f~renc es. In 

particular, it is extreme l y like ly tha t resear chers would conclude that 

comnlodity pric e s exhibit trends ev~n if, in fact, no trends exist. 

In the presence of a unit root, t he correc t p rocedure i s to f i. rst 

difference the regres sion equation (4) , thereby eliminat i ng the uni t root and 

achieving stationarity of the error process . The resulting mode l i.s t he 

di f ferenc e stationary (DS) mode l : 

(6) dly( t) - ~ + e(t). 

Since dly(t) - (l-L)ly(r), d1y (t ) is s imply t he grO\.th rate of y(t). The mean 

growth rate ~ is the same as the coefficien t on TIME in (/,) . The e rror 

process is ARMA: A(L)e(t) - B(L)u(t). 

Just as under-differencing (i . e. failing to recognize t he presence of a 

unit roo t) can lead to incorrect s tatis tical inferences , s o can over ~ 

diffe r encing . If, in fact , there i s no unit root in (5) , it is inappropriatl' 

to first-difference the mode l prior to estimation. Doing so wi.ll in t roduce a 

8 



\ln it root into the error process of the first-dtfferenced f orm of t he mode l in 

(6) even though none existed in the original specif ication (4)-(5). I t is 

cl early ess ential to tests for the presence of a unit root prior to est imati on 

of the time trend if reliable evidence on t.he Prebisch-Singer hypo t hesis is to 

be obtained. 

Before carrying out unit roo t t ests, the time series 6f the real 

commodity prices were plotted and examined for any maj or breaks in the da ta 

that could not plausibly be attributed to the stochastic process gene ra t ing 

t he r est of the data series . Th i s seemed to be the ca. e f or t wo of the 

commodities, coffee and oil, where l evel shifts i n the series occurred i.n 1950 

and 1974 respec tively . As Perron (1987, 1988) has shown , such shifts render 

standard unit root tests invalid . He suggests a gElne r al i zat ion of the. Said -

Dickey unit root test to deal wi t h this situation . The Said -Dickey and Pe aon 

tests are briefly reviewed below before turning to our results. 

Th" Said - Dickey and Perron Tes ts for Unit Root.s 

The issue of how to test for t he presence of a unit roo t is comp licated, 

particularly if the unde r lying error proces s in (5) doe s not cake the ve r y 

simple AR(l) form in (2) . (See Dickey, Bell , and Miller, 1986 , for a s urvey of 

recent work in this area.) Said and Dickey (19 84 ) have proposed a t est for 

t he presence of a unit root i n gene ral ARMA mode ls, which is based on a 

regression equation that approximates ARMA error processes with higher-order 

AR models. 6; Perron (1987, 1988) has recently extended the Said-Dickey 

procedur e to allow for situations where there is ass umed to he an exogenous 

6; Schwert (1989) s ugges ts t hat th i s test i s conSide rably more robust 
against specification e rror t han othe r tests in the lit~ra ture . 
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., 

shift in the ~ of the data series after time period T[, ( wher~ 0 < If\ < T) , 

As Perron stresses, the Said-Dickey test statistic is inconsistent when ther,' 

is a break in the data. Using Monte Carlo simulations, Perron computes 

ompirical cumulative density functions for unit root t-test statistics given 

var ious assumptions about where the break occurs in the data series. As A -

TB/T approaches zero or one, Perron's critical values will app r oach those for 

the Said-Dickey t-test, Thus we will discuss the Perron tes t , l eaving tho 

Sa id-Dickey test as a special case. 

Let DUM be a "leve l" dummy variable that takes the va lue zero in all 

pe riods up through TB and unity for all t from T8+1 to T. DDUM is a "spike " 

dummy defined as the first-difference of DUM. Hence it takes the value zero 

in a ll period except TB+l. Perron' s genera liza tion of the Said-Dickey unit 

root t est [henceforth, the Said-Dickey-Perron test] is based on the following 

r egression equation: 

(7) d1y I' + <>*ly(-l) + b*TIME + c*DUM + d*DDUM + C(L) dly(t) + lI(t) 

where C(L) is an lag polynomial of high enough order to r ,nder the residual s 

u( t) white noise. Under the null hypothesis that the timo series proc (,ss .cor 

l y(t) in (4) -(5) has a unit root, Q - 0 in (7). The t-test statistic TO -

0: / 0, where" is the standard error of the OLS estimator 0:, is ill!..!; distributed 

according to the usual student! dist ribution. The empir i cal cumulative 

distribution of T was calculated by Dickey and Fuller fOl" the case where ther0 

are no breaks in the data. This empirical d istri.buti'on can be shown to bo tIlt · 

same as that r epo r ted in Fuller ( 19 76, p.3 71-3). The appropriate distt'ibut iol1 

in Fulle r depends on whether a constant: term I' and TUl.E are or are not 
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included among t he regressors in ( 7) , implying different alternative 

hypotheses . The inclusion . of TIME results in confidence int erval s that are 

considet'ab ly wide r than those in the case where the mode l includes a nonzero 

constant but TIME is in fact inSignificant. Thus if the price series is in 

fact stationary around a constant mean (no trend), the inclusion of TIME wil l 

reduce the power of the unit root test . Whp.n in doubt , however, the inclusion 

of TIME is advisable according to Schwert (1989, p.l50): 

Including a time trend in [regression 7] even when the t . end coefficient 
a-a, makes t he distribution of the autoregressive parameter estimate 
independen t of [the unknown intercept] 1". In empiri.cal applica tions in 
which knowledge of the value of t he intercept I" is unavailable. inclusion 
of a time trend is probably a prudent d"cision in per f orming unit r oot 
t ests. 

As we we,e par t icularly interested in the alter.na tive hypothesis of a trend 

stationary model , the Said -D ickey - Perron test based on regression (7) 

i nc lud i ng both a constant and a time trend was used. We experimen ted with 

altarnet've l ag s pecifications for G(L) rangin" from 4 to to l ags and examined 

the Clu t ocorre l ation and partia l autocorrelation fun"tion of the res i dl1"ls for 

evidence of serial correlatioll in each case , because premature truncation of 

the lag distribution will render the es timate of Ta - a/a incon,:isten t. 

Exce ssive lags, on the other hand, will reduce the power o f the test . 7/ 

Table 1 reports the lowes t TO s tatistic from the various lag 

specifications 4 through 10 for each of the commodities _ This is the t est 

stat istic least sympathetic to the null hypothes !.s that the r e is a uni t root. 

As t erisks (* ) in t he Tob l e indicate r ejection of t he null hypothe s i s at t he 

10% significance l eve l . According to Fulle r (1976, Table 8 .5.2, p. 373 ) , the 

7; Lack of power against al te rnative mode ls where th" ln rgest root is 
nea r unit.y is a well-known problem with exisfing unit roo t tes ts . Thus one 
sho'uld not be cavalier in the choice of lag l ength. 
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T"ole 1 

Tn lA.s.lL-

Aluminum -2.1.8 4 
BanrJnas -2.29 9 
Beef -2.95 4 
Coa l -3.88* 7 
Cocoa -2.51 7 

Coffee l -4.3U 10 
Copper -2.39 6 
Cotton -2.52 7 
Hides -3.82" 4 
.lute -2 . 58 4 

1." mb -3.16* 10 
Lead -3 . 20* 4 
Naize -3 . 73* 4 
Oil 2 -3.16 10 
Palm oil -3.83* 4 

Rice -4.8 2* 7 
Rubber -2.62 4 
Silver 0.87 4 
S ltga r -2.79 6 
Tea - 2 . 18 4 

Timbe r -3.75* 4 
Tin -2.82 4 
Tobacco - 2.21 7 
\,hea t - 3 . 73* 5 
Wool -1. gO 4 
Zinc -3 . 75* 4 

1 The unit root test for coffee i ncorporated l evel shift in the datA in 
1974 . Thus the test statistic was obtained by estimating a Said-Dickey ­
Perron r egressio n and comparing the t-sta tistic to the empi ri cal distribut.io ll 
in Perron (1987, Tabl e 4I1) for the d.1ta breakpoint at A = 50/83 - .60 i n t lw 
sample . The crtical value at the 10% significance leve l for A - . 60 cqu~ls -
3. 1, 7 . 

2 As in the case of coffee, the Said - DIckey- Perron test was used to 
nccount for a level shift in the oil price data in 1974 (i.e . at A = .89 in 
t he sample). From Perron (1987, Tab l e 4B), the crit ical value at the 10% 
Significance level for A ,- .90 equals -3.38. 



hypothesis of a unit root would ba n'jected at the 1.0% l eve l nf sign ificance 

whenevnr the value of ta is less thnn· -3.18, -3.15,01: -3 . 12 f Ol: sample sizes 

of 50, 100, and infinity respect ively. For the two cOllcnoditie. with 

structural breaks, Perron (1987, Table 4B) calculates the asymptotic 

distributions of the t" statistic in the model with a TIME trend for various 

values of ,. 

Turning to the results of the unit root tes ts in T,)ble I, the aste risk,·: 

indicate rejection of the unit root hypothesis fo r 11 of Lh" 26 commodily 

prices , suggesting that these prices are best modelled as TS processes. For 

the remaining 15 commodities, the unit root hypothes is could not be rejec te d 

ot the 10 percent level. Hence, t he OS process is appropriate in these 

caseS. 8; 

I.. Empirical Findin~s on the Deteriorating Trend (Prebisch-Sinl>e, ) Hypothesi.s 

TS Models. For the 11 cooonodity prices where the uni t root hypothesis is 

rej ected , TS models were identified and es tima ted. The .esulting models an' 

reported in Table 2 . Examining the coefficients on TIME, we find that in 3 

cases TIME is statistical l y inSignificant at the 10 percent significance 

level. In 3 other cases, there are signific antly positive price trends . The 

remaining 5 commodities (of the 11 commodities best modeled as TS processes) 

have statistically significant negative trends a. conjectured by Prebisch and 

Singer . 

The Box-Pierce statistic Q(12), reported in colwnn 6 of Table 2, suggests 

tha t the error processes have be,en adequately modelled . , It is distributed ' IS 

8; It might be noted that it i s pOSSible to have both a unit root and D 

log -linear time trend in (4) - (5) , For the 26 commodities in this study, 
however , none appears to exhibit this characteristic. 
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Table 2 
Estimated Trend stationary (TS) r·lodels 

Corrrnodi t~ Constant Q!!!!!!I! Time err or process !illll ~ 
coa l -16_454 ola .01)9> (1 - .716L)et=ut 7.285 . 769 

(-3_854) (4 .057) (-9.423) 

coffee -1.473 .557D1950 . 000 ( 1 - .646L )e,"( , .• 479L I I )u, 4.132 .779 
('0.134) (3.1 00) (0.060) (-6. 120 ) ( -3.660) 

hides 23.436 o/a - . 012* (1-.S 63l )et=ut 8.303 . 669 
(-4.924) ( '6 . 150) 

lead 1.226 ola ' . 001 (1· . 730Ll","u, 7.578 .483 
(0.237) ('0.278) ('8. 580) 

I ani> '37.045 ola . Oi 9* (1 - . 78ZL)e,"{1+.335L)u, 
('3.811) (3.713) ('7.293) (2.942) 7.376 .867 

ma i ze 13.507 o/a o • .007* (1' .514L)et"ut 9 . J40 .497 
(3.743) (-3.620) (-5.614) 

palm oi l 12 . 164 ola - .006* (1-. S18l+ .240L2 )et=Ut 3.688 .606 
( 3.074) (-3 . 036) ('7.372)( 2 . 145) 

rice 12 .475 o/a o .01)6111 ( 1- .937l +. 599l 2)et=Ut 12. 008 .666 
(3.930) (-3 .835) (-9.0W)(3.792) 

t i r;.ber -21.886 o/a . 01'* (1- . mL)e,=u, 8 . 328 .&3 
(-4 . 329 ) (4 . 235) (-10 . BBS) 

wheat 14.781 ofa - . 007 (1-.846L+.221L2+.172L4).,=U, 7.269 . 733 
(5 . 759) (-5.603) (- 7.674 )( 1. 905)(2.117) 

z inc -0 .258 o/a _000 ( 1' . 639t. }et=ut 7. 2C4 .410 
(- 0 .059 ) (0 .062 ) ( -7. (.52) 



a Chi - squar e with 12 degree s of freedom under t he null hypo hes i s of no se r ia l 

cot"relation from orde r one to 12 i n t he i nnovat ions u(t ) oj 1'1 t he ~ stim:lt:e d 

mode ls. 9 As Table 2 illus tra tes , t he r e 1s cons iderable V;l r i e ty in t he 

spec ification of the erro r proces s acros s commodi ties. It: j s certa inly no t 

t rue that the simple AR(l) model is gene rally appl icabl e. 

DS Mod .. ls. For each of the 15 commodity pric es " he r e the unit r oo t 

hypothesis could not be rejected , the time series l y (t) " " s fi r s t- dif f e renc<)(1 

to achieve sta tiona rity . A low-order model for dl y( t ) wa " t hen i d" n i H ed and 

estimated using Box-Jenkins techniques. The results a re repor ted in Tab le 3 . 

Note that in the case of oil, a II spike ll dummy tha t t akes th t:1: va l ue of 0 i n 

eve ry year except 1974 (D1 974 ) is inc l uded t o accoun t fo r t he one -ti me shif t 

in the level of the data in that year . 

Recall that esti~ated cons tan t t e rms in Table 3 r epre.erlt es tima t ed 

(s t ochas t ic) time trends under the DS spec ifi cation . Scanni ng these 

est imates, i t is i nte rest ing to nO.te that t he t i me trend is ins ign i.f icnntly 

diffe rent from ze ro i n all. cases except fo r the rea l price ot tobacco , whe re a 

s t!ltis t i cal ly significant pos itive tre nd of 1 .5 pe rcen t pc r yea r i s f ound. As 

was the cas e with the 1'S model r epor ted in Table 2, t he e rror proces s in t he 

OS mOde ls va r ied conSiderably across commod ities, but t h is t i me ~1A pr ocesse s 

appear more often than AR processes. 

Recapping the findings from t he TS mode ls i n Tabl e 2 and t he DS models i n 

Tabl e 3. we conclude that, out of our 26 commodity price s , five commo dit i e.' 

9 The r e siduals from all reported mode l s we re "" ami.ne d (i ) visua l l y . (iL ) 
using autocorrelation and partial au t ocorr(l l a t ion f unct ioH", and (iii ) us ing 
t he Box - Pierce Q stat istic to ins ur e tha t e rror proces se 9 .,er e adequate l y 
mode lled. 
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Table 3 

Estimated os Models 

Ccxr:r.cd i t y Coostant ~ error process !!illi ~ G~in Function 

a llltl i null · . 015 nla .,:( 1+.355l ' . 286l2 .. 23bL 5 )u, 5.17' .192 dly('): ·.015+83lu, 
( •. 945) (l.138) (·2.504) ('2 .037 ) 

bananas .004 nla .,:(I·.278l2· . 273l1O )U, 6.131 .116 dty( t)~ .OO~+.444ut 
(.375) ('2.436) ('2 .362) 

beef . 019 nl. et~Ut 7.422 . 000 dly(t)= .Oi9+ut 
(.726) 

co:eoa · .001 n/a .,: <1·.359L2)U' 4.821 . II . dly('): ·.001+.641u, 
(' . 035) ('3 . 199) 

c:::;:per · .005 nl. et=Ut 10.003 .000 dty(t)= -.OO5+ut 
('.l06) 

cotton '.002 nla et=( 1+-.254l- .424l2 - . 2b9l3 ) Ut 4.252 .234 d!y(t)= -.OO2+.S61ut 
(' .174) (2.230) ('l.697) ('2 .l44) 

jute ' . 001 n/a et=<1- .343l2·.257lS
)Ut 5.141 .1 73 d l y( t): - .G01+ .400ut 

(' .052) ('3 .0l2) ( '2 . 235) 

oil .003 1 .2.64 *'D 1974 328tfll e,:(1'.215l '.2 )u, 2. 952 .4sa dlye') : .00l •• 501u, 
(0.203) (8.342) ('1.874) ('2.309) 

rubber '.025 0 / . et=Ut 9 .667 .000 dly(t): '.025+u, 
( .. 753) 

sit ver .010 nla e,:(1 .• l71l 2 •. 306l2·.294l8) 6.921 .191 dly(,): . 01 0+.641u, 
(.537) ('3.252) (2 . 247) (· 2. 13l) 

sugar ' .008 n/ e .,:(1 .. 481l2·.262l 5+.26al6 ) U t 6.160 .240 d t y(t )= -.OO8+.S19ut 
( ' . 211) ( ' 4. 195) ('2 . 201) (2.7.61) 

~ ·e3 · .005 'lla 
, 

. , :( 1· .280l -lu, 6 .1S1 .072 ~ly{t}= - . OO5+.720ut 
( '.309) (-~. 478) 

t i r. . 012 n/a et=C1+.23SL3 .. 244L5
)Ut 5. 238 .135 dly{t)= .O '2+.991ut 

( .680) (2.094) ('2 .190) 

to!>ac~o .01S· n/a (1+.35ll4 )e,:u,S.I07 . 140 dl y<t )= . 015+.781 ut 
<1 .928) (3.535) 

woo l • . 010 nl a et: ( 1-.208l- . 4~9l 2 )Ut l.136 . 196 dt y{t) = - . 010" .343'Jt 
( . . 485 ) ('1 .862)( ' 4.013 ) 



(hides, maize, palm oil, rice, and wheat) have negative trends. Thus t he 

estImated trends for these commodity prices provide suppo' r for the Prebis ch ­

Singer hypothesis. Four commodity Rrices exhibit· positive trends (coal, lamb. 

timber, and tobacco), while the rem.1ining 17 real commodity prices are 

trendless (i.e. statistically insignificant). 

5. Cyclical Movements in the Commodity Prices 

As mentioned in the Introduction, a knowledge of the cyclica l behavior o f 

commodity prices is at least as important as theil: long-term trend." fo r pol icy 

purposes. Furthermore, the characterization of cycles depends critically on 

whether the TS or OS model is most appropriate. 

TS Models The traditional approach for determining commodi ty pri"" cycles is 

to fit a TS model like (1) above . As emphas i zed in Section 3, this apP J; oach 

is appropriate in the absence of uni t roots in the stochast i c processes 

gene.rating prices . The cyclical component of ly(t), deno t ed lyc(t), is found 

by calculating the deviations between ly(t) and the exponential trend line . 

Since the error process e( t) in (1) is assumed to be stationary , the 

innovations i n prices u(t) have no persistent (i.e. steady state) effec t. 

Tha t is, the TS model, implicitly as sumes that the permanent compon<i'nt of 

ly(t) is comple t ely dete r ministic (a + tJ*time) and shocks to prices are 

entirely cyclical in nature. 

As an example of the TS Model, consider maize, which according to Table 2 

follows a simple AR(l) process around a time trend of -0 . 7 percent per yeaI.' . 

The natural logarithm of the real price of maize and its p"rmanent (i. e. top. ­

linear trend line) and cyclical components are shown in Figure 1. Devia tions 

14 
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1),' l W0C ll the actua l price and the tre nd line, of course , rppres ent cyc l ical 

tJ Itc tulltions , which can be quite pers istent as the figu~e i llustra tes , 

, , , . . ,Insert FIGURE 1 here. .. , . , 

pS Models If the error process in the general model (4 )-(5 ) has a unit 

root however, a hypothesis that we f a iled to reject using t he Said -Dickey-

Pe rron t est for 15 of the 26 commodities , it 1.5 inappropria t e to est ima t" t h " 

log-level form of the model. Not only will this lead to e r ron(\ous conclusi.ons 

about the secular drift in prices , it will also distor t our view of cycles, 

As Plosse r and Nelson (1982 ) explain, when there i s a unit root so that the DS 

mode l is appropriate, the growth r ate in (4) i n effect become s stochastic 

r " t he r than deterministic. In this tramewo, k, stochastic shi fts in the l e" e l 

of the growth path are interpreted as permanent (secular) e f fe'cts, while 

fluctuations around the (shifting) growth path are cycl'cal effects . Since 

t his mo de l al lows for changes in the l evel of the growth pa th, i t "'ill 

typically reduce the r elative impor tance of t he cyclical compon~nt in 

commodity pr i ce data, 10/ 

The innovations u(t), which may reflect shocks to supply and/or demand 

for the commodity, may cause the growth rate to be above or be low of its me an 

rate for a period of time, with the length of t his per iod depending on t he 

process followed by e(t) in (3), Given that the error process is stationa,y, 

t he effect of the shock dies out over time, so the growth r a t e reverts to its 

mean rate a fter the shock is dissipated. The shock, however, permane ntly 

10/ However, as shown i n Cuddington and \.l i nters (1987), there are. sOme 
Cases in which the cyclical componen t gets b igge r, relat ive to the permanent 
component , ra her than smaller. 
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alters t he level of ly(t). 

Following Beveridge and Nels on ( 1981), it is possible to decompose p ~ i cc 

shocks into permanent and cyc lica l components. An i mpl icit assump t i on in 

their procedure is that the same fraction of each and every i nnovation is 

viewed as pe rmanent; the remainder is cyclical. 11/ III order to determine. t he 

permanent and cyc1ic:"l components of the price series, begin with the OS 

models identified and estimated in Table 3. To understand t he movements i.n 

the permanent component, it is useful to look at the changes in t he perm~nc ll t 

component of ly(t), dlyp(t) . This amounts to calculating t he stochastic 

steady state of the model after t he current roalization u(t ). As CUddington 

and Winters (19 87) show, this is e"sy to derive using the so -called ga in 

f unct ion, which is obtained by setting the lag operator L equal to 1 in t he 

estimated OS model in Table 3 . (The gain f unction from each mode l is reporte d 

in the righ t mos t colwnn of Table 3 .) It indicates the functional re lationship 

be tween price shocks or innovations and changes in the level o f 1yp(t ) . In 

the absence of any price shocks (u (t) - 0). the permanent component of 

rela tive commodity prices grows at i ts his torical trend r ate fi . 

Diagranunatically, this assumption means that the growth path of ly( t) has the 

slope p; each innovation shifts the leve l of the growth pa th by an arno"nt 

indicated by the gain function . 12/ 

The consequences of an i nnovation u(t) at period t are twofold . First. 

11/ A decision must be made on how to trea t the dummy va riable i n the 
case of oil . The working asswnption made here is to cons i der the entire 
impuls e to be a change in the permanent component of the pl: ice series in t he 
year when it occurs. 

12/ The inclusion of ODUM(l974) in the gain func t ion for oil insures 
t hat lyp jwnps by the additional amount ODUM ( 1974) in t he yc a r wll E'n he 
structural break occurs. 
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the g rowth path of ly(t) is s hlf t<, d by the amount fl + Bf,n -l"A(l) u (t) . 

causing the change in lyp( t) in pedod t to be somewhat greater 0,- le ss than 

it ~ trend rate of fl. dependi ng on the sign and magn itude of t he coeffi ci.ent ,>I , 

u (t) in the gain function. Second, the innova ion sets in motion a cyclical 

movement in prices around the shifted trend path . The nature of these 

cyclical deviations of actual pr ices from their per.manen t level de pends on the 

nature of the ARMA error process describing prices. 

As an example of how to interpret the informa t ion in Table 3, cons ide r 

cocoa. The constant term in the DS model indicates a po i n t est imate of the 

trend in cocoa prices equal to .. 001 (although thi s value is not significantl.y 

different from zero) . The extent to which a shock should be viewed as 

permanent (secular) as opposed to temporary (cyclical) can bo determined from 

the coefficient on u(t) in the ga i n f unction . For t he cocoa gain f unc t ion , 

this coeffic ient equals .641, indicating that 61..1 pe r cent o f t he typ ica l 

COCOa price shock is perma~ent; the remaining 35. 9 perc ent. is cyclical . 

The e rror process in the model is MA(2), indicating t hat cocoa p r ice 

s hocks are dissipated in two years. In the absence of further i nnovat ions, 

the re are no further shifts in the pe rmanent price path , a nd actual prices 

eventually converge to the (new) permanent level . lie infor from the MA(2) 

er r or process that an innovation o f u (t) unit s, which "h i f ts che. trend line l IP ' 

by .641 u(t), leaves ly(t) above its trend by (1- .61.1) u( t) i.n t he curren t 

period t. In the follOWing period t+l in the absence of f ur t her innovat ions. 

the price r emains this amount above trend (because the est ima t~d error process 

has no MA(l) term), as both the actua l price and the pormanent component gro" 

at the rate f3 - - .001. In period t+2, e(t+2) changes by the amount f3 . .'359 

u(t), as reflected in two - period lag (i.e. the MA(2 ) term ) of t he error 
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process. This returns ly to its new stochastic trend "p"th . ,\ s mentioned, ' i.1') 

the case of cocoa, price shocks persist for a total of two per iods ; they 

follow a humped pattern rtlther than an oscilla tory movement unt il the l ong - run 

equilibriwn is restored. The Beveridge-Nelson decomposi t i.on of real cocoa 

prices is illustrated i n Figure 2 . . 

. . . . . insert Figure 2 here .. . . ·. 

The estimated models in Tables 2 and 3 indicate that tl'" dei\ re" of 

pe rmanence of price shocks varies gr.eatly across commodi.lies . Fo r a li 11 
. . 

commodities in Table 2. all shocks' should be viewed as complete ly trans itory. 

At the othe r extreme , there are commodities like bee f. copper. ruhber. and ri.n 

where the gain equals one . The first t hree of these time seri es follow a 

random walk, implying that all innovati ons should be vie>l"tl '''; p" r manent. "tell 

no cyclical effect. In the case of tin, the innovation i s ul tima t ely 100 

percent pe rm,ment, but t here are s\101't - term fluctuations about the new · t rend 

level for five years. The remain i ng commodi1;ie s in Table 3 (the DS cases) 

have permanent components ranging from . 343 of the innovation (wool) to uni ty 

(as just discussed). Although it is technically possible to have gain 

functions with u(t) coefficients in excess of one, no such C8ses occurrpd in 

our sample of 26 commodity prices. 

6. Conclusions 

This study has re -examined the empirical validity o f t he hypothes i s eh ' iI' 

the relative prices of primary commodi ties in terms of manufactures are 

characterized by secular deterioration. Apply ing time ser ies' tp chniques to 26 
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i.ndividual commodity prices (deflated by the L;:lfv~ and allo",ing for the 

possibiU.t:y of structural breaks and the presence of unit roots, He conclude 

that the ma.l ority (17) of the 26 prices are best characterb,ed as trendless. 

Our analysis demonstrates that there is a tremendous di.vorRity 1n bo t h 

tJ:cnd and cycl ical behavior acros s commodity prj cos , s up:f'"nr.inLl th,~t b lrnk"t 

statements about commodity price trends and cycl.es based on i1C;r;1:o811te indicns 

may be quite mis l eading i f one i s trying to say somethinG about the prospects 

for specific commodi ty prices, or the plight of primary commodity ,mporters in 

Gcneral ("typical developing countries", for example). 

Some commodity prices were best modeled as trend 5 t il t i onary, whil" others 

wo."o difference stationarity . In the TS model, the trend l i ne f o!: any 

commodi ty price is compl.etely d(\terministic - - 1. e. t he gro,·,th rat a of. real 

commodity prices is inalterably fixed; all innovations a. e ent irely c)"c-.lic[\l . 

In the OS model, on t he other hand, each and every innova tion is deemed t " be 

l<% pcrl'lanent and (l-x)% cyclical. In ehe spec ial OS oasn of a rande'In !-lalk, 

every innovation is 100 percent permanent, with no trans i tcl1:y component:. Any 

of these asswnptions seems a prior i to be very restrictive. Of: t he var i ous 

(real and nominal) shocks that impact the supplies and d.emands for cO!Dll!odities 

over time, some presW!lably reflect permanent shift s , such a s resource 

discoveries or technological changes (e.g. the development of synthe t i c 

substitutes). Others r eflect cyclical phenomena, such I').s crop failures or 

monetary shocks, which may indeed have real. effects in t he short rlln eVe' n 

though they are neutral in the long run. 

These latter reservations lead to our earlier caveat : Tho analys is of 

trends as well as the trend-cycle decompositions in th i s paper are based on 

univariate techniques . Thus they ignore additional informaCion about the 
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pl"i.:~ ci..e;e cauSe of parti cular innovattons or "shocks" cb .'.~~ ·, r_~.:ly be· l'"' ,'\ r ~'; J ,..,h l 0 tc 

cOlllllloditIes analys ts and market partic ipants. In princ ip le. such inform.'tion 

c ould be incor.porated into mul t i vm:iate generalizations of the rnod,~ls usecl i n 

Lhts p"pcr. Detailed structural econol'letric models may ."'l1s o be uB"fu l in 

Db t ailling more s oph i st i r.ated characterization,; of tre rons and crc le". Tn onr 

v ie\-, , th i r;; is an i ntere s ting direction for fut uro resel.lrch. ... 
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