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TRADE BALANCESAND THE TERMS OF TRADE IN G-7 COUNTRIES:
PENAL COINTEGRATION APPROACH
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Abstract

This paper empirically analyzes the long-run efuilim between trade balances and the
terms of trade using the nonstationary panel daddysis. Empirical results indicate that
trade balances and the terms of trddenot have cointegrating relation for G-7 courstrie
This implies that the deterioration in the termstraide will not necessarily improve a
country's trade balance in the long-run.
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1. Introduction

Changes in the exchange rate impact the tradedmtanchanging the terms of trade. The
relationship between terms of trade and the trad@nbe is ordinarily analyzed using the
Marshall-Lerner condition (ML condition). The ML kdition holds that deterioration in
the terms of trade is to improve a country's tradince, provided that the sum of the
country's price elasticity of demand for exportsl amports must be greater than one in
absolute value. The principle is named after thenemists Alfred Marshall and Abba
Lerner. As a devaluation of the exchange rate resitiee price of exports, the demand for
exports will increase. The price of imports, meaisyhwill rise, and the demand for
imports will decrease. The net effect on the tdaalance will depend on price elasticities.
If exported goods are elastic to price, their dednaifl increase proportionately more than
the decrease in price, and the total export revevilieancrease. If imported goods are
elastic, the total import expenditure will decreaBee trade balance will improve in both
cases.

To examine the ML condition using actual datasinecessary to estimate both the
import function and the export function. Such aprapch has been taken in past research,
i.e., Arize (1990), Goldstein and Khan (1978), Haktker and Magee (1969), and Warner
and Kreinin (1983). In such research, it was regmbthat the ML condition was fulfilled.
However, there is a problem with this approachorter to estimate the export function
and the import function, it is necessary to colttatia such as world income, world export
prices and effective exchange rates, and to spéeifiing partners. For many countries,
however, it is difficult to collect such data.

Haynes and Stone (1982) attempt to address thie iby directly analyzing the
relationship between the trade balance and ternradé — an alternative approach. They
analyze the impact of terms of trade on the traalartte by looking at the estimated
coefficients of terms of trade using a distribulegl model. Haynes and Stone (1982), on
the other hand, conduct their analysis within tlaenework of regression analysis and are
thus unable to avoid the spurious regression ofi@maand Newbold (1974).

With the recent development of time series analgsisitegration analysis is now used
for analyzing long-run relationships among variablarize (1996) uses cointegration
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analysis to empirically analyze the long-run edpiilim between the trade balance and the
terms of trade using quarterly data on sixteen tw@smfrom 1973 to 1992, i.e., the G-7
members (Canada, France, Germany, ltaly, Japabnited Kingdom, the United States),
Denmark, Finland, the Netherlands, Switzerland,fargdnewly industrializing economies
(NIES: India, Korea, Malaysia, Mexico, Sri Lankkljs empirical results indicate that, for
a majority of the countries, there exists a positand significant long-run statistical
equilibrium between the trade balance and the tefrtrade. Thus his approach adopted is
found to be an acceptable substitute for testiegvarshall-Lerner condition of stability.

This paper extends the Arize (1996) approach byirgrafly analyzing the relationship
between the trade balance and the terms of tra@e7rcountries. A distinctive feature of
our research is the use of panel unit root andlgamategration analysis, an approach not
attempted by Arize (1996). The individual nonstatity time series analysis is known to
have low power for short span of the data. We guwtata of G-7 countries in the hopes of
adding cross-sectional variation to the data thihtrwerease the power of panel unit root or
panel cointegration tests.

2. Basic model

Following Haynes and Stone (1982) and Arize (1996¢ can write the long-run
relationship between the trade balance and thestefiinade as follows:

TB, =a + fTOT, +u,, 1)

whereTB, is the trade balance at tintg TOT, is the terms of trade at tinte, and u,

is a disturbance at time. If trade balance and terms of trade are cointedrahey have a
long-run equilibrium relationship. If the ML conulih is satisfied in the long-run, then an
increase in the terms of trade can be expectedd®ase the trade balance, and thus

£>0.
3. Data

This paper analyzes G-7 countries using annualfdatie period between 1971 and
2003: Canada; France; Germany; Italy; Japan; theetdKingdom; the United States. The
data were obtained from the World Development lagics (The World Bank). The real
trade balance and terms of trade are used fomtipérieal analysis. The real trade balance
is obtained as follows: exports of goods and ses/{ constant local currency unit) minus
imports of goods and services (in constant locateticy unit). Note that the real trade
balance is measured as a share of real GDP forieai@nalysis. The terms of trade are
obtained as a ratio of export prices to importggim the local currency unit. The data are
balanced panel data without any missing observation

Tables 1 and 2 present data for some selected.yEarles Al and A2 in the Annex
present yearly data for 1971-2003.

Table 1. Terms of trade and trade balance/Gdp ma@a, France, Germany and Italy.
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Country| Canada Frande Germany Italy
Series tot tb/gdp tot tb/gdp tot tb/gdp tot
1971 0.9305( 0.03243678 1.2501 -0.021195158 1.03790.021099562 1.117%
1975 1.0654| -0.030481738 1.11y1 -0.009219p39 0.99250.01365184 | 0.9231
1980 1.0553| 0.002459327 1.01p9 -0.016245p42 0.91430.023434917 0.853b
1985 0.9772| 0.025317854 0.9648 0.000540335 0.87p9.008802514( 0.8928
1990 1.0092| -0.0018807716 1.05p4 -0.020332838 0.99430.000627395 1.0693
1995 0.9773| 0.039232459 1.0288 0.004568623 1.05850.009075291 1.0228
2000 1 0.057731904 1 0.009029585 1 0.003515145 1
2001 0.9839| 0.063514739 1.0063 0.009977287 0.9989.020868698| 1.0058
2002 0.9593| 0.06093980% 1.03R7 0.009362304 1.0192.03903327 1.021(
Table 2. Terms of trade and trade balance/Gdpganlahe UK and the USA

Country| Japan UK USA

Series tot tb/gdp tot tb/gdp tot tb/gdp
1971 1.3534 -0.002165884 0.987061749 0.011057722| 1.384672287-0.015738214
1975 1.0014 -1.68877E-05[ 0.8475240990.015581488| 1.1424622440.000561153
1980 0.7305 0.016624474| 0.9446395980.024358341| 0.918526629.002457102
1985 0.823(Q 0.033400907| 0.954036359.014718084| 1.035868836-0.023540174
1990 1.0379 0.004573434| 0.953946835-0.011210381] 0.9630177450.007739193
1995 1.1307] 0.003778246( 0.9405651930.01024476 | 0.980741038-0.008892734
2000 1 0.0143031068 1 -0.020566812 -0.03886408
2002 0.9779 0.014648414| 1.0215993716:0.038240165 1.030628404 -0.047099312

4. Empirical analysis

4.1 Pand Unit Root Tests. To begin with, we need to perform unit root tesidlee trade

balance and the terms of trade. Levin et al. (2@0@)gest that individual unit root tests
have limited power against alternative hypothessgecially in small samples. Panel unit
root tests help us to overcome the problem.

We use two types of panel unit root tests fopigical analysis. One is the LLC test
proposed by Levin et al. (2002) and the other ésBheitung test developed by Breitung
(2000). Breitung (2000) finds that the LLC testfets from a substantial loss of power if
individual-specific trends are included, and pragms test statistic whose power is
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substantially higher than that of LLC.

For LLC and Breitung tests, we use the followinga@fication:
- B
A/ _ayi,t—l+zj:118i,jAyi1—j 0y + Oyt + &, (2)

wherei =1,2--- N are the cross-section series observed over peticds, 2,--T, ;

9,; are fixed effects,g;t are individual time trendsA is the difference operator, i.e.,
Ay, =Y, Y., and the errorsg, are assumed to be mutually independent
disturbances.

The null and alternative hypotheses for the testshe written as:
H,:a=0,andH, :a <0

The null hypothesis holds that each individual tiseeies has a unit root. The alternative
hypothesis holds that each time series is statjonar

Table 1 shows the results of panel unit rodistéBhe LLC test statistics, the Breitung
test statistics, and their respectipevalues are included. The SBIC was used as the
criterion for selecting the number of lags ) in EqQ. (2). Individual constant and time trend
are used for the deterministic component. Fromigkalts in Table 1, we find that the LLC
test statistic and it -value are -0.620 and 0.268 for the level of traakance, and -9.184
and 0.000 for the first difference of trade balar'\te obtain the similar results when we
use the Breitung test. Thus, the trade balance las root.

Table 1 Results of Panel Unit Root Tests

Variable Method Test Statistic p-value

TB, LLC test -0.620 0.268
Breitung test -1.365 0.086

TOT, LLC test -0.392 0.347
Breitung test -1.066 0.143

ATB, LLC test -9.184 0.000
Breitung test -5.127 0.000

ATOT, LLC test -9.450 0.000
Breitung test -8.562 0.000

Note: Null hypothesis is no unit root. LLC testlicates the Levin, Lin and Chu (2002) test.
Breitung test indicates the Breitung (2000) tAstis the difference operator, i.eQy, =V, —VY,_;-

Table 1 also shows the results of panel unit restistperformed on the terms of trade.

The results indicate that the LLC test statistid &s p -value are -0.392 and 0.347 for the
level of the terms of trade, and -9.450 and 0.@0®He first difference of the terms of trade.
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Here too, we obtain the similar results for theiBirgg test. Thus, the terms of trade has a
unit root as well. We can say that the trade balamd the terms of trade are nonstationary
variables with a unit root.

4.2 Panel Cointegration Tests. The two series were unable to reject the null efuhit
root. Our next step, therefore, is to perform tlntegration test. We start with the
following equation:

TB, =a +BTOT, +u,,i=12--N,t=12-T (3)

In a bivariate context, Pedroni (1999) developsmastgtic and finite-sample properties
of the test statistic to test the null hypothesis@cointegration in the panel. While both
the homogeneous and heterogeneous panel modgisssible, the heterogeneous model
such as Eg. (3) is consistent with the class of ghedhen parametersgr and S are

allowed to vary across countries. Having no reasdelieve that all of the parameters are
the same across countries, as is assumed in thegemmous model, we employ the
heterogeneous model in our analysis.

Pedroni (1999) derives the asymptotic distributsord explores the small sample
performances of seven different statistics. Of éhsgven statistics, four are based on
pooling along what is commonly referred to as thaHin-dimension" and three are based
on pooling along what is commonly referred to as thetween-dimension." Pedroni
(1999) describes the former and latter as "paniet@gration statistics" and "group mean
panel cointegration statistics."

The first of the simple panel cointegration staisstthe "panelv -statistic”, is a
non-parametric variance ratio statistic. The secahd "panel p -statistic”, is a panel
version of a non-parametric statistic analogousthe familiar Phillips and Perron
p-statistic. The third, the "pangl-statistic (parametric)", is a non-parametric stiti
analogous to the Phillips and Perronstatistic. The fourth of these simple panel
cointegration statistics, the "panel-statistic (non-parametric)", is a parametric stiatis
analogous to the familiar augmented Dickey-Futlestatistic’

The other three panel cointegration statisticsdhased on a group mean approach. The
first, the "group p -statistic", is analogous to the Phillips and Peryo-statistic. The last
two, the "groupt -statistic (non-parametric)" and the "groupstatistic (parametric)", are
analogous to the Phillips and Perran-statistic and the augmented Dickey-Fuller
t -statistic, respectively.

Table 2 shows the results of panel unit cointegretiests on the trade balance and the
terms of trade. The test statistics are as folldws47 for the paneb -statistic, -0.476 for
the panel p -statistic, -0.033 for the non-parametric pamektatistic, -0.529 for the

parametric panet -statistic, 0.605 for the group -statistic, 0.688 for the non-parametric

! See Table 1 of Pedroni (1999, p.660).
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group t -statistic, and 0.198 for the parametric groupstatistic. This table clearly
indicates that the null hypothesis of no cointdgrais accepted for every case considered.
Thus, the trade balance and the terms of tradeatreointegrated in G-7 countries.

Table 2 Results of Panel Cointegration Tests

Method Test Statistic
Panelv -Statistic 1.547
Panel p -Statistic -0.476
Panelt -Statistic (non-parametric) -0.033
Panelt -Statistic (parametric) -0.529
Group p-Statistic 0.605
Group t -Statistic (non-parametric) 0.688
Groupt -Statistic (parametric) 0.198

Note: All reported value are distributed N(0,1) endull of no cointegration.
Panel statistics are weighted by long-run variance.

4.3 Sub-Sampleanalysis. In this section we carry out a sub-sample anatgsthieck the
robustness of our empirical analysis. The wholemans split into two sub-samples: the
period between 1971 and 1986, and the period betd887 and 2003. We just split the
whole sample period at the midpoint. Through tipisraach we can check for any shift in
the cointegration structure over time.

Table 3a shows the results of panel cointegraget for the first sub-sample. The test
statistics are as follows: 0.793 for the panebtatistic, -0.496 for the paneb -statistic,

-0.572 for the non-parametric parntelstatistic, -0.949 for the parametric panektatistic,
0.731 for the groupp -statistic, 0.091 for the non-parametric grougstatistic, and -0.215

for the parametric group -statistic. The table indicates that the null hyyesis of no
cointegration is accepted for all cases at the eotiwnal significance level. Thus, trade
balances and the terms of trade are not cointefjfateG-7 countries over the sample
between 1971 and 1986.

Table 3b shows the results of the panel coiategr test for the second sub-sample. The
test statistics are as follows: 0.319 for the panedtatistic, 0.495 for the paned -statistic,

0.427 for the non-parametric pantelstatistic, -1.040 for the parametric parektatistic,
1.353 for the groupp -statistic, 1.023 for the non-parametric grougstatistic, and -0.688

for the parametric group -statistic. The table indicates that the null hyyesis of no
cointegration is accepted for every case considaréide conventional significance level.
Thus, the cointegrating relation between traderuas and the terms of trade does not
exist over the sample between 1987 and 2003.

The evidence indicates that the rejection ofntegrating relation between trade

balances and the terms of trade is robust eveneifsplit the whole sample into
sub-samples.
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Table 3a Results of Panel Cointegration Tests (1971-1986)

Method Test Statistic
Panel v -Statistic 0.793
Panel p -Statistic -0.496
Panelt -Statistic (non-parametric) -0.572
Panelt -Statistic (parametric) -0.949
Group p-Statistic 0.731
Group t -Statistic (non-parametric) 0.091
Group t -Statistic (parametric) -0.215

Note: All reported value are distribute(DN) under null of no cointegration.
Panel statistics are weighted by longvanance.

Table 3b Results of Panel Cointegration Tests (1987-2003)

Method Test Statistic
Panelv -Statistic 0.319
Panel p -Statistic 0.495
Panelt -Statistic (non-parametric) 0.427
Panelt -Statistic (parametric) -1.040
Group p -Statistic 1.353
Group t -Statistic (non-parametric) 1.023
Group t -Statistic (parametric) -0.688

Note: All reported value are distributeddN() under null of no cointegration.
Panel statistics are weighted by long-rariance.

5. Conclusion

This paper has applied the recent development pfstationary panel data analysis to
examine the long-run relationship between the ttadance and the terms of trade for G-7
countries. Using the methodologies of Haynes amheS(1982) and Arize (1996), we
directly analyze the long-run relationship betwéeastwo variables. This is an attractive
and practical approach which requires no estimatimithe import and export demand
function.

Arize (1996) found that, for a majority of the caumes, there exists a positive and
significant long-run statistical equilibrium betwethe trade balance and the terms of trade.
The major finding, based on Pedroni (1999)'s paongitegration test, however, suggests
that the trade balance and the terms of tradeaireomtegrated. This result holds even if
we split the total sample into two sub-samples.sTihplies that there is no long-run
equilibrium relation implied by the Marshall-Lernawndition for G-7 countries. Thus, the
deterioration in the terms of trade will not neeeig improve a country's trade balance.
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Annex

Table Al. Terms of trade and trade balance/GdpainFe, De, It: yearly series

Country| Canada Frande Germany Italy

Series tot tb/gdp tot tb/gdp tot tb/gdp tot

1971 0.9305| 0.03243678 1.2501 -0.021195158 1.03790.021099562 1.117%

1972 0.9443| 0.022446358 1.2583 -0.024236[/15 1.05630.023230189 1.1340

1973 1.0029| 0.014046084 1.28Dp8 -0.030099[792 1.04220.015440799 0.9984

1974 1.0929| -0.0196606Q05 1.08f1 -0.021569832 0.96yD.000787715| 0.888p

1975 1.0654| -0.030481738 1.11y1 -0.009219p39 0.99250.01365184 | 0.9231

1976 1.0980| -0.028028338 1.09p6 -0.021641{108 0.97460.015083479 0.863

=] 0| 0|0

1977 1.0541| -0.013672141 1.06p3 -0.011746p43 0.97yY60.015240221 0.880

1978 1.0101| 0.000587376 1.10p5 -0.007834p13 1.01130.019421314q 0.8916

1979 1.0493| -0.006727434 1.091 -0.012723871 0.97870.027101464 0.875P
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1980 1.0553| 0.002459327 1.01p9 -0.016245p42 0.91430.023434917 0.853b
1981 1.0212| 0.000588372 0.9451 -0.006589B38 0.86f50.006927053 0.8262
1982 0.9982| 0.03293949% 0.94f0 -0.013204493 0.883D.000180472| 0.8628
1983 1.0067| 0.02681645]1 0.96p8 -0.002104B76 0.89850.00514481 | 0.8810
1984 0.9898| 0.032808024 0.9581 0.004165Q85 0.8745.001©31017| 0.8828
1985 0.9772| 0.025317854 0.9648 0.000540335 0.8759.008802514| 0.89238
1986 0.9548| 0.01939425% 1.05p4 -0.010439p46 0.97695.79976E-05 1.0092
1987 0.9863| 0.013940779 1.05p0 -0.018009618 1.01580.00764397q 1.0368
1988 1.0109| 0.004080048 1.0747 -0.01925196 1.01490.008050744 1.0226
1989 1.0313| -0.008917847 1.0503 -0.017410p58 0.988060.005193657 1.019p
1990 1.0092| -0.001880776 1.05p4 -0.020332B38 0.99430.000627395 1.0698
1991 0.9880| -0.0038838(01 1.03P3 -0.014816P6 0.9812.000843829| 1.1050
1992 0.9737| 0.00313390% 1.0519 -0.007845p63 1.01270.007254 1.1025
1993 0.9560( 0.01375196¢6 1.031 0.002585827 1.03270.00743084q9 1.0598
1994 0.9498| 0.028995242 1.0287 0.002287025 1.04280.008322512 1.044p
1995 0.9773| 0.039232459 1.0288 0.004568623 1.05850.009075291] 1.022B
1996 0.9938| 0.04273009% 1.02B9 0.009168453 1.05{20.0033451 1.0632
1997 0.9872| 0.02449848%2 1.01f2 0.023934585 1.0283.005071973| 1.0516
1998 0.9492| 0.040175901 1.02p8 0.018918426 1.0449.001807997| 1.0761
1999 0.9613| 0.053032644 1.02Pp9 0.013905262 1.05p60.005973371 1.074%
2000 1 0.057731904 1 0.009029585 1 0.003515145 1
2001 0.9839| 0.063514739 1.0063 0.009977287 0.9989.020868698| 1.0058
2002 0.9593| 0.06093980% 1.03p7 0.009362304 1.0192.03903327 1.021
2003 1.0173| 0.03590568% 1.03p9 0.002448Q99

Table A2. Terms of trade and trade balance/Gdpjrad, UK and the USA: yearly series

Country| Japan UK USA

Series tot tb/gdp tot tb/gdp tot tb/gdp
1971 1.3536 -0.002165885 0.987061749 0.011057722| 1.384672287-0.015738218
1972 1.4103 -0.005309002 1.001836501 -0.001033544 1.35152678 | -0.01807762
1973 1.3061 -0.015054409 0.903262516 0.000471491| 1.3035791680.012056311
1974 1.0444 -0.006415933 0.796074011 0.010085175 1.122826346.006862102
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1975 1.0014 -1.68877E-05 0.8475240990.015581488| 1.1424622714-0.000561153
1976 0.9709 0.005619551| 0.83814304%0.022215371| 1.1453897380.008209453
1977 0.9723 0.010450683| 0.8516745170.030427082| 1.0954193§ -0.012953]
1978 1.0808 0.005790338| 0.8889532390.027220451| 1.0859661G70.012424981
1979 0.9155 0.000718147| 0.9073019920.018885474| 1.038419311 -0.007976(
1980 0.7305 0.016624474| 0.944639598).024358341| 0.918526629.002457102
1981 0.7456 0.023953366| 0.9505781290.027765839| 0.9360063240.001578728
1982 0.7495 0.022796407| 0.9498371920.021230062| 0.972955048-0.00244489
1983 0.7673 0.026545492| 0.9545126140.013407213| 1.01522678§40.011176502
1984 0.7993 0.030463409| 0.9441392420.008638502| 1.033176616:0.021198478
1985 0.8230 0.033400907| 0.954036399.014718084| 1.035868836-0.023540174
1986 1.0415 0.026218616| 0.9155935440.010367837| 1.01976532 -0.025156(
1987 1.0958 0.017445246| 0.9196463380.007401494| 0.98552837120.023096919
1988 1.1198 0.009724844 0.93011136 -0.01449769 903#B94| -0.015964124
1989 1.0953 0.005287047| 0.9442968730.020533985 0.983859641 -0.011434671
1990 1.0379 0.004573434| 0.9539468350.011210381 0.9630177150.007739193
1991 1.0691 0.008459197| 0.9661724190.001950964 0.979642464 -0.002073478
1992 1.0981 0.012019131| 0.9820993§7-0.007070345 0.97418705] -0.002185209
1993 1.1181 0.01294042¢6 0.9838687100D.004894655 0.982611887 -0.00697269
1994 1.1342 0.010190237| 0.96510511] 0.002130681 0.98455289/010211563
1995 1.1307 0.003778246| 0.9405651930.01024476 0.980741038-0.008892734
1996 1.0720 -0.001537691 0.951771777 0.008436044| 0.9852594290.009623517
1997 1.0247 0.00791151 0.9829543060.005694283| 1.0040550570.0120958471
1998 1.0604 0.011771109| 1.0032132960.010584639 1.037247755 -0.022613029
1999 1.0608 0.010146001| 1.0090419230.020340325 1.0245311 -0.03145341
2000 1 0.01430310 1 -0.020566814 -0.03886408
2001 0.9753 0.008463189| 0.99427194 -0.026662{91.021859307 -0.040563481]
2002 0.9779 0.014648414| 1.0215993716-0.038240169 1.03062840§ -0.047099317
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