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General economic activity and industrial production (IP} are two metfor
Jactors in determining commodity demand. In this paper, the interrelationship
benween general economic activity and IP is examined for a number of the
OECD economies. The results indicate that there is a long term cointegrating
relationship benween general economic activiry and IP in many of the OECD
economies. IP is also found to contain short term leading information Jor
general economic activity. These relutionships would be useful in the
Jorecasting of general ecanomic activiry and 1P, which, in wrn, conld lead 1o
improvements in commodity forecasts in both the short and longer term,
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General economic activity and industrial production (IP) are two important economic
variables in determining commodity demand. One important consideration in the
forecasting of these two economic variables is their interrelationship. An improved
understanding of this interrelationship would benefit the forecasting of these two
economic variables, leading to improvements in forecasts of mmxmduy demand in both
the short and longer term,

Itis widely believed that there is a long term cointegrating relationship between general
economic activity and IP. A better understanding of this long term relationship would
improve longer term forecasts for both general economic activity and IP (see Engle and
Yoo 1987 and LeSage 1990). In addition to the long term relationship, there may also be
some short term relationships between general economic activity and IP. These short term
relationships, if identified, would also be helpful in improving short term forecasts for
these economic variables and. hence, lead to improvements in the short term forecasts for
comumodity demand.

Gross domestic product (GDP) is generally conceived as a superior miBre of general
economic activity, but some have chosen to use IP instead. For fexam,p!e; the OECD has
used its indices of IP as the reference series for general economic acti vity in constructing
its leading indicators. In an OECD study by Nilsson ( 1987), the QECD composite leading
indicators were found to provide good leading information for IP for about six months
ahead. Nilsson presented two reasons for using I%2 rather than GDP. as the reference series
for general economic activity. First, the indices of IP are more readily available than the
indices of GDP in most of the OECD countries. Second. and more importantlv. [P and
GDP are so closely related that the composite leading indicators of 1P could serve well as
leading indicators of GDP.

However, Nilsson also notes that the movements in IP are much more cyclical than those
in GDP and that in some periods, the movements of these series diverge quite significantly
talso see figures | to 6 presented later). These movements question the assumed closeness
of the relationship between IP and GDP in the OECD countries. Since the OECD
composite leading indicators are specifically constructed to forecast IP, but not general
econpemic activity, the usefulness of these leading indicators in predicting movements in
general economic activity, or more specificatly GDP, is doubtful, if the interrelationship
between IP and general economic activity is not verified for the OECD economies.
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) 1y of examining the interrelationship between economic les has
mainly been based on the visual examination of turning points or the similarity of cyclical
movements in data series. However, recent .ﬁevempnims in geonometrics have provided
mare precise methods for such investigations. In this study the interrelationship between
general economic activity, measured by gross domestic (or nationaly produet, and 1P ina
number of the major OECD economies is examined using time series techniques. The
prasénw of a long term cointegrating relationship between general economic activity and
1P is examined first, followed by an investigation for the existence of short term lead-lag
relationships between general economic activity and I In this study, the Jead~lag
relationships are defined in such a way that if the lagged IP variable is found to enter the
equation for general economic activity with the expected sign positive in this case), then
1P is said to be a leading indicator of general economic activity. This definition is consistent
with the “causality * defined by Granger (19691, which is based entirely on the
predictability of the objective variables. If movements in IP contain 'eading information
v nich helps to predict general economic activity, then IP is said to *Granger cause’ general
econoic gctivity, or. to be a leading indicator of general economic activity. For a more
detailed discussion of the characteristics of leading and lagging indicators, please refer to
Stock and Watson (1989

In the next section, the integration properties of the data series used in this swudy are
analysed. This invoives both visual examumnation of the data movements and testng for
the presence of unit roots for each individual series. The test results for unit roots form
the basis of the testing for cointegration berween IP and general economic activity
presenied in section 3. The investigation of the short term lead-lag relationships is
presented in section 4, Concluding remarks are given in section 3.

2. Integration properties of IP and general economic
activity in the OECD countries

Data series

In this study. quarterly data series of gross domestic for national) product and I[P were
analysed for six major OECD countries — the United States, Japan, Germany, the United
Kingdom, France and Ttaly. The data series were obtained from the OECD (19931 and
covered the period from 1960111 w0 1993(1) for the United States, Japan and mrmauy and
from 1968(2) to 1993¢1) for the remaining countries. All data are seasonally adjusted and
are i logarithms in this study. These data sertes are presented in figures 1 1o 6.
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Figure 5: French GDP and [P
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p mdst mxbved inavery mmuar pattern, pa&sxb)vmdma{mv aclose relationship betwecn
the two variables for these economies. The movements in these indices were particularly
similar for the United States and Japan.

Second, for most of the European countries ¢xamined, there has been a slowdown in the
growth of IP since the late 1970s, compared with that in GDP. In Germany, the United
Kingdom, France and Italy, the IP index moved from above the GDP index before the Jate
19705 to below the GDP index thereafter. This patteen is particularly obvious in the case
of the United Kingdom (figure 4). These movements suggest that the contribution of IP
to GDP growih has weakened over time and that the contribution of service industries to
GDP growth has increased significantly in these economies over the past decade.

An examination of the data presented in figures 1 10 6 also suggests that these series are
likely to be characterised as integrated of order 1 — that is, 1t1), rather than stationary.

10). An 1{0) series has a mean and there is a tendency for the series to return to that mean,
so that the series will fluctuate around the mean. In contrast, an I{1) series will move
widely and rarely return to an earlier value. Recent empirical research in time series
analysis has demonstrated that the relative success of time series modelling depends
importantly on the issue of integration or stationarity of the variables under investigation.

For example, if an I(1) system is cointegrated, then the commonly used vector
autoregressive { VAR ) models. in levels or first differences, will be misspecified. Granger
(19861 and Engle and Granger (1987) showed that if two vanables are cointegrated of
order (1, 1), thenr they should be modelled by an error correction model (ECM). The
findings of Granger (1986} and Engle and Granger (1987} strongly support the use of a
pretesting strategy to analyse the integration properties of the data series under
investigation, both individually and jointly as a system. and to consequently determine
the appropriate specification for time series analysis.

In this study, such a pretesting strategy is followed. That is, before forming a system for
the mvestigation of the interrelationship between IP and GDP, testing for unit roots is first
undertaken for each individual data series. If the presence of 2 unit root is detected in each
of the data series, testing for cointegration will then follow. Based on these test results. an
appropriate specification will be determined for the examination of the interrelationship
between IP and GDP.




he presence of | ‘ |
The approach generally used to test the m:m&ar of unit roots in a series s to first test for
the presence of a unit root when the series is expressed in levels, If the hypothesis of the
~ presence of o unit Fool is not rejected, then westing for the presence of a unit root in the
first-difterenced series follows, and so on, However, if the series contains rxmﬁzﬁm one
unit root, then testing in this sequence would be inappropriate because the commonly used
tests such as the augmented Dickey and Fuller (ADF) test (see Dickey and Fuller 1979)
are based on the assumption of the presence of, at most, one unit root, To correctly test
for the presence of unit roots, Dickey and Pantula (19873 proposed 2 test procedure which
uses a different testing sequence. They suggest that test should start with the largest
number of unit roots under consideration and then work downward; that is, decrease the
number of umit roots to be tested by one each time the null hypotbesis of the presence of
& unit oot 15 rejected.

The testing for the presence of more than oue unit root is necessary and important because
it forms the basis for the selection of a test procedure for comtegration. It must be noted
that the procedures for testing for cointegration in a system. including higher order
integrated series. are very diiferent fram thase for series which are only integrated of order
I If any series in a svstem being tested contains more than one unit root. then the test
results for cointegration in this system which uses a procedure swictly designed for
utegruted series of order | will be misleading. For the procedures of testing for
cointegration involving higher order integrated series, refer 1o Stock and Watson ¢ 19913
and Johansen (1990,

In this study. the testing procedure developed by Dickey and Pantula ( 1987 was followed.
To undertake this test procedure. the following equation was estimated for each of the
series:

, . kot
(1 {dﬁX}f =g Z I;,(a"x”)’ + ¢,
t:‘.":—«} -

where: d'X denotes the i-th differenced series of X, k is the order of the underlying
autoregressive (AR) process: and j is the number of unit roots under test. Foi edch of the
hypothesised number of unit roots, equation (1) was reestimated. The null hypothesis of
the presence of unit roots was tested using the “t-statisue’ for the coefficient b,_,. although
this test statistic is not t-distributed { Dickey and Pantula 1987). Critical values of the test
distribution are presented in Fuller (1976). |




test results for two unit roots or ieﬁf‘; are premncad intable . For each of the series msxed
the resuis sugae:,t the presence of only one unit raot,

However, if the specification used forunit root testing is incorrect, 50 that the deterministic
components, such as a linear trend, are not completely pureed from the variable under
Cf:m\xdc‘.mlmn then the test statistic obtained will be biased towards aceepting the null
hyg;:mthcsns of o unit root. Hence, the test results for one unit root with the presence of 2

linear trend in the specification are also presented in table 1. These test statistics are ali
higher than the associated critical values at the 5 per cent level, geeepting the null

hypathesis of one unit root in these series. Given that the test results for unit roots ean
sometimes be influenced by the assumed order of the underlying AR process in the testing,
this test procedure was repeated for several different orders. The hypuinesis of one unit
oot was accepted in every case at the 5 per cent level. These results consistently support
the presence of only ane unit root in both the GDP and IP data series in the OECD
ecopomies examined.

Table 1: Dickey and Pantula test results for unit mdts

Variable Twounit roots One unit root

Urited States Gop — 69> “2.20 286
iP ~5.37 <160 1330
Japan GNP 3 TE* ~XHE =150
P -3 1* =37 130
Germany GNP 3 g =1 TE sl A2y
P -4 1% w19 ] Ty
Unuted Kingdom GDP L =1 =23
P -3 53 «P H 27T
France GDP -~3.63* =224 12661
P -3, 82% <24 285
haly Gpp -3 25¥ ~1 83 fu] B
» ) IR -1 ﬂ =254

The tiest stanstcs for uant ronts are based o an assunpuon ot an undcm ving AR5 process s levels Thi test statises for qoe snst
mot weluding a hnear trend are pressated o brackeus.
- Bies that 15 sigmiffcant st the S per cent fevel accorling w the assoened cntiwal value i Fuller « 197




3. Cointeg |
economic activity in the O

Following Engle and Granger (1987). a set of n time series variables, X, with no
dererministic components is said to be cointegrated of order (L, 1), if each series is
integraied of order 1 and if there exist r, where r < », linearly independent vectors, f', ...,
Fand B= (B, .. B ) so that Z, = B'X, is stationary. The ' vectors are called the
cointegrating vectors and Z, is the vector which contains the error correction terms.

Evidence that cowmtegrating vectors exist provides strong support fur long term
relationships among a set of vartables. However, testing for the existence of cointegration
gives rise o non-standard testing procedures because the asymptotic theory of regression
in integrated systems is very different from the conventional theory for stationary series.
For testing cointegration in a bivariate system, a number of approaches have heen
developed by Engle and Granger {1987, Their major recommendution was to apply the
ADF test o the residuals of the cointegrating regression. In this procedure. the ordinary
least squares technique is utilised first to regress one variable against the other (the
cointegrating regression). The test for cointegration is then based on the residuals of this
regression. If the residual series is found to be stauonary. then the null hypothesis of no
cointegration can be rejected. The coefficient estimates obtained in the cointegrating
regression can be used as estimates for the cointegrating vector.

In this study. the Engle and Granger procedure was utilised because 1t is computationally
stmpler for bivarsate systems. This procedure depends on a particular normalisation for
the coimegraung regression . Engle and Yoo 119871 indicate that the test statstics have
the same distribution for all possible normalisauons. They also suggest that, empiricaily,
the test statistics should be insensitive to the chorce of normalisauon. However, conflicting
conclusions between different normalisations have been reporied 1 some empirical
studies 1see Krol and Ohanian 1990,

In rable 2. the test results for the two possible normalisations are presented. These results
wdicate that, for muny of the major OECD economies. the hypothesis of no cointegration
between GDP and IP can be rejected at the 3 per cent level in both of the normatisations.

fra Briamate sstem wy 4 s XX ath the g # 6F 4 omntegring elationstip sy Fed w3 ¢ =3 A
SR L chere age ta pesilily snrmatsaens shich can be ddapted o 1he comiggeilng rearesien, i ¥ s [FL 7 S CREd
atd X m e B X e T The eumated comtegeatsog seor o these fen possdle nommatiations w01 4. @ o i 1

et ot gxanipdty, wop tabip 3
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Table 2: Engle and Granger test for cointegration

c«wmr}; Normalisation ‘ ADF test b
United States GDP,=0.56 +D.88 1P, ~3.27%
(16.053 ¢ 10.18)
IP=-058 + 1.13 GDP, -3.55*
(12.97) (10.18)
Japan : GDP, = 125 + 063 [P + 001 T ~398*
(37.76) (52.64)  (27.78) ‘
IP=~1.81+ 1.53 GDP - 001 T ~412#
(L8 (506 (177
Germany GDP, = ~031 + 1.06 1P, 216
€5.28) (81 0
IP=-1.76 + 1.47 GDP, -2.38
(12.66) (41,30
United Kingdom GDP,=-233+ L51 1P, ~3.26"

{13,100 (3833

IP=1.73 + 0,62 GDP, -3.47
(23.7038.53)

France GDP, =179+ 055 1P, + 001 T )
(32900 (43611 161 1)

P=-289+173GDP - 0N T ~b14*
(17 50 14361 hl 1y

[taly GOP, = -1 11+ 123/P, -3 3
94751047 (s

P=105+0.78 GDP, =303
(14351147 By

# A hnear trend was included m the testing for Japan and Franes For the rempnng tountnes, meluding 3 hogar read or aot i the
resting dows not mflueace the conciusions b ADF tesr Jenotes the test procedure for smit mots sdeveloped by Dickey and Fuller 119794
* Jenates a test stateuig that s sigmiicant w the 5 per cent tevel according to Engle and Granger 11987 or Plubhips and Cuhians

+ 1990y The crireal values at the § per cent level are -3 8D and -3 17 respectively for sheluding nr notineluding a lnear wend

T denotes 2 tinear tend t-statisues” are 1 brackets, dithough seme of these statstics are not t-distrbuted «see Engle and Granger
[R5 4]

Germany is an excepuion to this finding because the hypothesis of no cointegration
between GDP and IP cannot be rejected at the 5 per cent level in either of the
normalisations. The resulting residuals from the two different normalisations are
presented in figures 7 and 8. These two figures show that the failure to reject the null

1
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hypothesis of no gointegr tion between GDP and 1P case of Germans s
related to the rapid growth in German IP in the early 1970s. This could led to
significant changes in the corresponding residuals of the cointegrating regression,
resulting in the acceptance of the presence of a unit root in these residuals series. To clarify
these results for Germany, the test procedure for cointegration developed by Johansen
(1988) was also applied to German GDFP and 1P data series. Similar results were obtained
with no-evidence of cointegration between GDP and 1P,

Another interesting case is Ttaly. Inconsistent results were obtained in the two different
normalisations used in the testing. In the normalisation in which GDP was regressed
against IP, the ADF test statistic on the resulting residuals is lower than the critical value
of ~3.17 at the 5 per cent level reported by Engle and Granger (19877, indicating thar the
nyll hypothesis of no cointegration can be rejected. However, in the other normalisation

- in which Italian IP was regressed against GDP, the associated test statistic of ~3.03 is
slightly higher than the critical value at the 5 per cent Jevel, but Jower than the critical
value of ~2.84 at the 10 per cent level. The Johansen procedure was also applied 1o the
Italinn data series of GDP and IP. From the results obtained, the presence of a cointegrating
relationship between Italian GDP and IP were found and accepted.

4. Testing for short term lead-lag relationships

Model specification

With the exeeption of Germany. the test results presented in the previous secuon dicate
the existence of 4 long term cointegrating relationship between general economic actvity
and IP in most of the major OECD economigs. [n this section, the short term fead-fag
refationships between GDP and IP in the selected OECD economies are exantined. The
existence of cointegration between these two econonuce variables has unportant
implications for the testing for lead-lag relationships. [t implies rank red ucing restrictions
on the coefficient matrices of the vector moving average representation in the first
differences and on the coefficient matrices of the VAR representation in the levels. Granger
(11988) argued that if these restrictions are not imposed, then the testing for lead-lag
relationstips usimg a VAR representation could draw incorrect conelusions. Engle and

“eein be argud ot the observations on Geeman todustal provluciion i the 14705 could be ombions and. of removed. the hspritiesss
af oo comepration between Cerman mdustoat peadusion angd general goonnmic oy sould be aesied However o shonld be
awted that, in demg so. i tamber a¥ohservanons avadable fartesting winld reduce significantly o amund 555, syl g problom
Sf msafficient sample size.




Grange: ed tf
wansform the VAR under test into an ECM®

How can a suitable specification for the resulting ECM be determined, 50 that efficient
estimation and testing can be carried out? A stanting point commonly used by researchers
ls to assume that this ECM is of full order — that is, there are o zero cocfficients (or zero
entries) in the coefficient matrices of the ECM. However, recent empirical research has
shown that it is impraetical to ignore the possibility of zere coefficients in error correction
modelling and that the estimation and test results could be very different if the presence
of zero coefficients is allowed (Penm and Terrel] 1993).

To incorporate zero coefficients into the error correction modelling, a procedure which
uses the order selection procedure developed by Penm, Penm and Terrell 1993}, was used
to determine the “optimal” speeification for an ECM. Penm, Penm and Terrel! ( 1993
provide a method for the recursive fitting of a subset VAR with exogenous variables
(VARX). They suggest the use of ascending recursions m conjunction with an order
selection criterion to choose an “optimal’ subset VARX and this procedure can be extended
to the selection of a subset VARX with zero coeificients. Since an ECM is in fact a VARX,
the order selection procedure developed by Peam. Penm and Terrell ¢ 1993) can be applied
to an ECM for choosing an “optimal® specificanon®. For details of this procedure,
interested readers are referred to Penm, Penm and Terrel! 1993 and Peam and Terrell
(1993),

In this studv. this procedure was applied to the ECM systems formed by GDP and IP for
the OECD economies. In applving this procedure. the maximum order of the VAR part of
the ECM was assigned to be eight, eight quarters or two vears. In each of the ECMs, the
residual series generated by the cointegrating regression i which IP was regressed agamst
GDP was used for the error correction term. Following Penm and Terrell 1 1993, the order

n g comsegrated VAR sepresentatian oy ArLe X 2. whese Al s apolsnonmt and L denstes the fag operator, the sp-mtegranng
relationsiips generate astochans which maki 413 ungular and $11 = o where 3 15 0 o matees formed by the comtagranng
veglors and o w3 axr manx of constants Because any AU san by rearrangid as Al s A Dy ML thes VAR con be
transfonmed into ap eror corceston model, s AL L1 X s alF ¥ st ur AML X, » o, s, whers o andtes thee first difference
and 2., = X, s the logged error cormetion torm. 1t can he seen that the erme comeanon mpded inclodes 3 VAR w fisst differences
and alevel teom, X or a2, by which the comtearation restactions ane wnposed. For deguls see Engle and Grange 19875

b A time senes model of the torm P Ve LR, = £ o Known o by a VARY swho t msodves an ax reavesson sector ¥ and 4 eyl
rmgressnr vegtor B, Suppose Pl 45 -0, Voo X o Qila s al and B, = & « § X, then P ¥« AR = ALY s f n
&, Theretore. an BOM besomes 2 VARX Singe all of the rerss  the BTN e statromary and s eepresentation o faet § WARX,
the ander selection provedure develuped by Penm, Penm ang Temel! (194 3 can be apphied to the BUM tor choosing ar vptanal
spegsiicansn for extmatn and forecastng
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selection criteria developed by Schwarz 1 1978) was used to select the specificatons for
the ECMs. In the case of Germany. where no cointegrating relationship was found hetween
GDP and IP, the order selection procedure developed by Penm and Terrel] (19845 was
used to determine the specification for the corresponding VAR. These identified
specifications were estimated using the generalised least squares technique and are
presented in table 3.

The short term lead-lag relationships

Several interesting findings are evident from table 3. For the United States, Jupan and
France. the specificatons determined for the associated ECMs are identical in structure.
For ltaly the determined specitication is slightly different and for the United Kipgdom it
is significantly different.

5



tbe equation fcw dIP, where <f danmw the first mﬁ‘emnu, wuh t,he gxpected sign on the
estimated c:mfi‘icmm (a negative sign), This indicates that, for those OECD eeonomies,
if [P, ; exceeds the long term relationship with GDP,_, then there will be a negative effect
- ondlP,which adjusts 1P, towards the long term relationship and vice versa. In other words,
the lagged error correction term, generated by the Jong term cointegrating relationship
between GDP and [P, represents a constraint on dfP, restricting movements i IP 1o
maintain the long term relationship with GDP. |

It is interesting to note that the lagged error correction term is not included in the equation
for dGDP, in any of the determined specificauons, This indicates that for each of the
economies investigated, the level of IP will adjust according to the level of GDP, but nen
the other way around. Forexample, if P, ; exceeds the long term refatsonship with GDP,, "
then there will be no significant effect on JGDP, nor on GDP,, to reestablish the Jong term
relationship. The adjustment wall mainly oceur on dIP,, and hence on /P, to restore this
long term relationship between GDP and 1P, These results could reflect the fact that IP is
a component of GDP. Therefore, as disequilibrium oceurs in the long term relanonship
between GDP and IP. it is IP. rather than GDP. which would adjust accordingly to
reestablish this long term relatonship.

With the exception of the United Kingdom. the determined ECM spe<ifications
consistently indicate that IP 15 a leading mdicator of general economic actvity. That s,
the lagged IP vartable consistently enters the equation for generad economic activiy It
should be noted that to begin the selection for an optimal speeification 1 the uulised
procedure, the maximum order of the VAR part of the ECM was assigned to be erght. that
15 eight quarters or two years, However, in most deternuned specificanions, only dfP, | 15
included in the equation for dGDP,. This indicates that for the United States. Japan, France
and haly. only movements in one-period lagged IP contains significant leading
mformation for movements i current-peniod general economic acuvity.

There are some exceptions to thss relationship. In Germany, up to three-period lagged
movements un IP are included in the equation for general economic activity, indicating
that, in Germany. movements m IP have prolonged influences on movements general
SCOROMIC delivity.

In contrast to other magor OECD economies, 4 sigmificant short term relationship between
[P and GDP could not he found for the United Kingdom. This would mdicate that lagaed
i s s : ;
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P dms not contain lea ”na mformatmn for ge : ‘
indicator system for 1P svould not provide usef ul information in I‘erez:astmg GDP for the
United Kingdom. Although there is a cointegrating relationship between IP and GDP, the
long term relationship does hitde to explain short term movements in GDP (that is, the
lagged error correction term does not enter the equation for dGDP,). These results raise
serious doubts about the use of IP to approximate general economic activity in the case
of the United Kingdom.

5. Concluding remarks

In this study, the interrelationship between IP and general economic activity has been

examined for a number of major OECD economies using econometric time series
technigues. This study forms part of the ongoing research at ABARE which is
investigating the usefulness of various leading indicators in forecasting general economic
activity. These leading indicators, if identified, will provide useful information for the
assessment and forecasting of the economic environment faced by the commodity sector.

The results of this study show that the interrelationship between OECD IP and general
economic activity, measured by gross domestic (or national) product, is complex and
varies between countries. However, a long term cointegrating relationship between IP and
general economic activity in many of the OECD economies was detected + sich will be
useful in explaining the movements in IP in these economies.

The results also show that movements in one-period lagged IP provide useful information
for predicting movements in current period general economic activity in many of the
OECD economies examined. That is, IP was found to be a leading indicator of general
economic activity ip many of the OECD economies.

In the case of Germany. the results of testing for cointegration between general economig
activity and IP contradict the common findings for other major OECD economies. This
lack of support for cointegration could be due 1o structural change in the German economy
during the 1970s which s demonstrated by much faster growth in IP,

It is also interesting to note that no short term lead-lag relationships were found between
GDP and IP 1n the case of the United Kingdom. This is inconsistent with the general
conclusion that IP is 1 feading idicator of general economic actvity. Further nvestigation
of these inconsistencies for Germany and the United Kingdom would have some merit,
especially when testing for evidence of structural changes in these economyes.

e : 3 ‘
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