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Abstract

The gravity model has long been used for modelling and predicting tradeflows. This paper
generalisesthe gravity model alowing for proper representationof local and target country
effects and aso the business cycle. The new approach is based on a pand dataframework
(instead of asimple cross sectional or time seri esapproach) wherethe additional information
available from using both types of data (i.e. cross sectional and time series) is utilised to
properly mode al the specific effects. The model is applied to apanel of APEC countries.
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1 Introduction

Modellingand predicting foreign tradeflowshaslong been animportant task in international
economics. For well defined areas, or trading blocks, such as the EU, MERCOSUR or
APEC, the central problem isto formalise the hilateral trade flows within the countries of
the area and the rest of the world asa function of the characteristics(sze of the economy,
population, etc.) of the exporting and importing countries, and possibly the business cycle
aswadll.

From an economic modeling perspective, there are severd ways to tackle this
problem. One of the most fruitful ones hasbeen the use of gravity-type models. These have
long been recognised for their empirical successin explaining and predicting different types
of flows. In the case of modelling trade flows, they condstently exhikit high statistical
explanatory power, but havebeen criticized during early gpplicationsfor their gpparent lack
of theordicd foundations (Tinbergen (1962) and Poyhonen (1963)). Later Linnemann
(1966) and Aitken (1973) judtified such modes by a multi-equation export supply and
import demand sysem. Thelack of prices in their model, however, at thisstage, washard
to justify. Thursby and Thursby (1987) derived a model using again demand and supply
equations which now included export and import prices. On the other hand, Anderson
(1979), Bergstrand (1985) and Oguledo and M acPhee (1994) derived gravity type modds
wherethe lack of priceswasjustified by theunderlying theoreticd modd. Anderson(1979)
and Oguledo and MacPhee (1994) used a(linear) expenditure systemto derivetheir modes
while Bergstrand (1985) utilised ageneral equilibrium setup for hisderivation. An excellent

review of these modds can be found in Oguledo and MacPhee (1994).

In dal gpplications, such modds were estimated using data from a cross section of
countries (Aitken (1973), Bergstrand (1985), Brad (1994), Oguledo and MacPhee (1994)
and Frankd et al. (1995)), or a country by country time series approach (Thursby and
Thursby (1987)). Only Zhang and Getis (1995) tried aformulaion based on both types of
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data. Unfortunately, the derived modé was badly misspecified from an econometric point
of view, asall locdl (exporting) and target (importing) country effectsweremissingfromthe
specification. One important problem with all the aove gravity models is that they lack
dynamicsand thereforethe possible effect(s) of the busness cycle are completely ignored.
An additional statistical problemwith the purely cross sectional or time seriesapproach is
the lack of degrees of freedom. It is hard to get statisticdly significant local and target
country specific effects, and indeed to separatethese two effectsat dl. For example, if X is
the export volume of country i to country j and Z is the export volume of country j to
country i in the sample and important explanatory variebles are the growth ratesin X, say
a, andin Z, say b, it is hard to separate the effect that a and b have on X from what they

haveon Z.

In this paper we generalisethe gravity modd, dlowing for proper representati on of
local and target country effects and also the business cycle.! The new approach is based on
a pandl data framework (instead of sinple cross sectional, time series or naive Cross
sectiond/time series goproach) where the addtional information avail able from using both
types of dataisutilised to properly formalise al specific effects. We apply thismodd to a
panel of 11 APEC countries.

2 The Model

We use here the bad ¢ form of the gravity model, where no pricesappear in the equation. It
is, however, augmented by some financial variables.

InEXP, = @, +y,+ A, + f,InY, + f,InGDP, + B, InPOP,

(1)
+ B, InPOP, + B InFCR, + B, InRER , + B, InDIS; + u,,

! Some of the theoretical results are presented in Métyéas (1997) and (1998).
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where:

EXP;, is the volume of trade (exports) fromcountry i to country j at timet;

GDP, isthe GDP in countryi at time t, and thesamefor GDP, for country j;

POP, ispopulation for country i at timet, samefor POP, for country j;

FCR, isthe foreign currency reserves of courtry j at timet;

RER;, isthe rea exchange rate between countriesi and j at timet;

DIS; isthe distance between countriesi and j;

i=1,..,N,j=1,.,i-1,i+1,.., N+1 wheretheN + 1-th element hereistherest

of theworld, t=1,..., T;

«; isthe local country effect;

Y, isthe target country effect;

A, isthe time (business cycle) effect, and;

u;, isawhite noise disturbance term.

Froman econometric point of view the o, 'y and A specific effects can be treated as
random variables (an error conponents gpproach) or fixed parameters (a fixed effects
approach). Given that we are specifically interested in these effects, we formalise them as

fixed unknown parameters.

Thetripleindexed mode (1) should be viewed asa gererali sationof any usual panel

data and gravity models (both double indexed). In vector form it can be written as
y=Dya+D,y +D,A+Zf +u 2)

wherey is the vector of observations of the dependent variable EXP
Y = DYz ViarsYisi-Yiar>-Yui--Yars

o Y- Y- Vv Y nr] s

Zisthematrix of observationsof the explanatory variablesin (1), organised inasimilar way

toy, D, and D; are dummy variable matrices (D,, = I, ® 1., D, = 1, ®I,, wherelis
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the vector of ones with its size in the index), o isan (N x 1), A isa (T x 1), y isan
((N+1) x1),Bisa(K x 1) parameter vector with K the number of explanatory variables
and u is the vector of the disturbance terms The structure of the D; ((N* x T) x (N + 1))

matrix is a bit more complex:

7O
D =| : where
7™

I®=(0 I,) ad IP=JOQ],

] md 1= 10®,

@ =( 1
0 I,

](N):(IN—I 0 1] and  T®=]®Q]

This model can be regarded as the generic form of all gravity-type models. When
cross sectional datais used T =1 and implidtly the regriction that A ,_, = 0 isimposed on
the model. When time sriesdataisused N = 1 and the restrictiono ., =0isimposed, while
when panel dataisused there are no such necessary regtrictions. Unfortunately, none of the
previous applications of thismodel took into account thelocal, target and time effects, thus
implicitly imposing the unnecessary restrictionsthat o, =y; = A, =0fordl i, j and t. These
are unlikely to be corred and moreove can be easily tested for in thegeneral spedficaion
of (1).



3 TheData

The AsaPecific Economic Cooperation (APEC) was established in 1989 by the following
12 countries: Audrdia, Brune, Canada, Indonesia, Japan, Korea, Malaysa, New Zealand,
Philippines, Singapore, T hailand and the United States. Since then 9 other countries have
joined thisgroup: China, Taipel and Hong Kong in 1991, Mexico and Papua New Guinea
in 1993, Chilein 1994, and Peru, Russia and Vietnamin 1998. In this study, however, we
focuson the original memberswho, presumably, had relatively stronger economic tiesover
the whole sample period, 1978to 1997. Theonly exceptionisBrunei, for which most of the

necessary international trade data is not available.

All data except DIS;, come from two types of International Monetary Fund (IMF)
publications. the yearbooks of Internationa Financial Statistics (IFS) for 1995, 1996 and
1998, respectively and the yearbooks of Direction of Trade Statistics (DOTS) for 1982,
1987, 1989, 1995 and 1998. As for definitions, country compodtion and classfication in

generd, these publications are consistent with each other.

The data comprise annual measures for 1978-1997 of the following variables:

. EXP; : Export from country i to country j in terms of millionsof 1995 US dallars.
It iscalculated from export in current US dollars on the free-on-board (f.0.b.) basis,
that isby the val ue of the goods at the border of the exporting country, deflated by
the export (goodsand services) deflator. Theonly exceptionis Singapore: the trade
datapublished exclude trade withIndonesia. To fill in this gap we used the imports

of Indonesia from Singgpore and adjusted the total export series of Singapore

accordingly.
. GDP, : Gross Domestic Product of country i in millions of 1995 US dollars.
. POP,; : Population of country i in thousands of people.
. FCR : Foreign currencyreserves (foreignexchange) of country i in millions of SDR.
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. RER; : Real exchange rate between countries i and j, calculated as the amual
average of the nationd currency unit of country j per US dollar divided by the
annud average of the nationd currency unit of country i per US dollar.

. DIS,; : Distance betweencountriesi andj in nautical miles measured as the average

length of the shipping routes between the major ports.?

Besidesthe APEC countries the European Economic Area (EEA) and Switzerland
are adsoinvolved inthe analyss.® Being the most significant economic trading block of the
world, EEA isused as aproxy for the “rest of the world”. Although EEA was established
only in1994, we condder the“rest of theworld” over thewhole sample period asthe group
of Austria, Belgium, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Itdy,
Luxembourg, the Netherlands, Norway, Portuga, Spain, Sweden, Switzerland and the
United Kingdom. For thisblock of countrieswe computed GDP, POP and FCR as the sum
of the individual countries' observations. The exchange rate is with respect to the ECU.

4 Empirical Results

Table 1 contains the smple OL S results for the fully restricted model - no local or target
country effects, and no time effects (Model A). Table 2, augments the model by also
including local effects (Model B). The results of induding local and target effects ae
presented in Table 3 (Model C). Finaly, the resultsof the fully unrestricted modd withlocd,
target and time effects, are presented in Table 4 (Model D).

2 Source http://www.portscom.
3 For the sake of simplicity we shall refer to this group of countries as EEA.
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The Effect of Explanatory Variables

Cruddy speaking, domestic only variables (indexed by it) correspond to the supply of
exports, whilsttarget only variables(jt’ s) applyto the demand for exports. Variablesvarying
by loca and target country (ijt’s) are ahybrid of both supply and demand factors.

Model A

In the simplest restricted gravity model, both domestic and target country GDP are
significant and positive, with theformer effect dominating. Target country GDPisameasure
of the extent that exports are “sucked in’ as the foreign economy grows Local country
GDPissmply ameasure of the size of the (domestic) economy in terms of available goods-
one would expect larger economiesto export more. Smilarly, with population, with now
domesticlevel shelping to define production possi bilityfrontiers, and foreignlevel s, potential
overseas markets/demand. However, in this specification, these popul ation effects appear
to perversely signed, indicating that |arger domestic economiesand larger potential markets,

actually decrease export flows.

The level of foreign currency reser vesof theimporting country, in this specification,
appears to exert a strong positive effedt on export flows. However, the other financial
variable, the exchange rate, appears surprisingly insignificart. Being defined in terms of
foreign currency per unit of domestic currency, it is correctly sgned (that is, adomegtic
currency appreciation is represented by arise in the real exchange rate), but its apparent
insignificance may seem puzzling. It is, however, asure sign of some kind of specification
error, as we are going to show that this model is underspecified. Finally, as expected,
distanceexert sastrong negative impac on export flows. The (adjusted) explanatory power

of this model is at around 50%.



Tablel Model A
Estimation resultsfor the fully restricted model
o, =y;=A, =0fordli,jandt

Vaidble Coefficient Standard Error  t-statistic
Constant 5.5667 0.4232 13.154
In GDP, 0.8947 0.0275 32.558
In GDP, 0.1440 0.0362 3.983
In POP, -0.4792 0.0332 -14.453
In POP, -0.4541 0.0336 -13.496
InFCR, 0.5561 0.0303 18.354
In RERy; -0.0054 0.0102 -0.532
InDIS, -0.8452 0.0440 -19.190
Observations 2420

RSS 5611.481

adj. R? 0.50294

F-teds’ F-gatigic df1 df2 F-crit
AvsB 355.181 10 2402 1.83
AvsC 533.038 21 2391 157
AvsD 291.883 40 2372 1.39

# Model X vsModel Y.

Model B

Whenexporting country effectsareadditional ly included, weimmediaely observethat there
Is indeed, unobserved country heterogeneity. That is, some countries quite clearly have
differing propensities to export, even once we have conditioned on identified observed
heterogeneity of both the local and target country. Individually, all of the exporting country
effectsare grongly sgnificant, with thepossible exception of Maaysia. Moreover, the F-test
clearly rgectsthe null hypothess that theselocal country effects are jointly zero (Table 1).
Of these effects, the U.S.A. and Indones a appear to have the lowest propenstiesto export

to the APEC region (reldive to the omitted country of Canada), and Singapore then



Australia, the highest.

Table2 Model B

Estimation results allowing for local effects
Y;= A, =0fordl jandt

Vaiable Coefficient Standard Error  t-gatidic
Congtant 10.9884 0.2780 39.526
In GDP, -1.96E-07 6.55E-08 -2.999
In GDP, 8.07E-07 1.99E-08 40.518
In POP, 7.79E-05 3.16E-06 24.668
In POP, -5.68E-06 4.47E-07 -12.710
InFCR, -3.23E-06 5.34E-07 -6.045
In RER;, 5.97E-04 8.65E-05 6.895
InDIS, -0.8244 2.92E-02 -28.255
Augrdia 0.8125 0.0984 8.255
Indonesa -12.8383 04777 -26.876
Japan -4.3005 0.2889 -14.885
Korea -1.4306 0.1117 -12.813
Mdaysa -0.104 0.1025 -1.029
New Zealand 0.3562 0.1134 3.142
Philippines -5.1805 0.1538 -33.678
Singapore 1.7970 0.1197 15.011
Thailand -3.5261 0.1390 -25.359
USA -13.3497 0.5927 -22.525
Observations 2420

RSS 2263.891

adj. R? 0.79863

F-tegs’ F-saigic dfl df2 F-crit
BvsC 280.877 11 2391 1.79
BvsD 109.842 30 2372 1.46

Note: Sincethis model includes an intercept term one dummy variable
(Canada) has been omitted.
# Model X vsModel Y.



Including local country effects, does however, appear to cause local country GDP,
the exchange rate and target country population and foreign currency reserves, to have
supeficidly perversdy signed effects. The addition of these effects though, quite

sgnificantly increases the explanat ory power of the moded.

Model C

The perverse signs on these explanatory coefficients are reversed however, when we
additionaly include target country effects. Moreover, the explanatory variables are now
“correctly” signed and strongly dgnificart. All of the local country effectsarenow strongly
significart, but now Indonesia, Japan, the Philippines and the U.S.A. appear to have the
lowest (rdative) propersities to export, and Singapore and New Zedand the highest.

Table3 Model C

Estimation results allowing for local and target effects

A, =0fordl t

Vaiadle Coefficient Standard Error  t-gtatigic

Congtant -47.1178 2.4201 -19.469
In GDP, 0.9100 0.0892 10.205
In GDP, 0.7579 0.0783 9.685
In POP, 1.7903 0.3414 5.244
In POP, 2.0465 0.1807 11.327
InFCR, 0.0760 0.0324 2.347
In RER;, -0.4573 0.0435 -10.512
InDIS; -0.8752 0.0245 -35.686
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Table 3 (cont.)

Vaiable Coefficient Standard Error  t-gatidic
Augrdia 1.3755 0.1591 8.645
Indonesia -6.8533 0.6625 -10.345
Japan -4.7570 0.4014 -11.850
Korea -3.4963 0.2808 -12.451
Mdaysa 1.6042 0.1860 8.624
New Zealand 4.1009 0.6201 6.613
Philippines -3.5879 0.3839 -9.346
Singapore 5.9859 0.7048 8.493
Thailand -2.6736 0.3292 -8.122
USA -3.6098 0.6517 -5.539
Augrdia 1.0996 0.1249 8.806
Indonesa -1.0459 0.1557 -6.719
Japan -1.1937 0.2451 -4.870
Korea 2.1290 0.2202 9.667
Mdaysa 1.8409 0.2291 8.035
New Zealand 4.1932 0.4281 9.795
Philippines -0.5902 0.1520 -3.883
Singapore 6.1121 0.5125 11.926
Thailand -0.1574 0.1355 -1.162
USA -3.9391 0.4575 -8.610
EEA -5.5324 0.5172 -10.696
Observations 2420

RSS 987.651

adj. R? 0.91175

F-tegs’ F-gsatigic dfl df2
CvsD 5.285 19 2372

Note: Since thismodel includes an i ntercept term two dummy variables
(Canada as local and target country) have been omitted.
# Model X vs Model Y.

In terms of the additional target country effects, they are again all highly sgnificant (with
the possible exception of Thailand). Moreover, their inclusion rai sesthe explanatory power
of the model to a very high 91%, and ore clearly rgeds the null hypothesis that they are
jointly equal to zero (Table 2). Those countries that appear to have alow (relative to the
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omitted country of Canada) propengty to import from exportersin the APEC region, ae
the large trading “countries’ of the European Union and U.SA. Those with a high
propensity to import are Singapore and New Zealard.

Model D

Findly, Table 4 contains the results of the fully unrestricted modd, where we additiondly
include time (business cycle) effects. Although the explanatory power of the modd is only
marginaly increased from Model C, dl of the time effects are individually significant, and
moreover one would clearly rgjed the null hypothesis that they are jointly equal to zero
(Tdable 3). All of the time effects are positive, relative to the omitted year of 1978. These
effects are plotted in Hgure 1. The shaded areas represent approximeate periods of growth
recessions in the Pacific Region.* Asexpected, the downturnsin export flowsare generdly

associated with economic growth downtur nsin the region.

Table4: Model D

Estimation results for the unrestricted model

Vaidble Coefficient Standard Error  t-gaidic

Congtant -43.0310 3.9800 -10.812
In GDP, 0.8383 0.0949 8.836
In GDP;, 0.6888 0.0876 7.860
In POP, 1.5804 0.3838 4121
In POP, 2.0072 0.1804 11.124
InFCR, 0.0555 0.0341 1.625
In RER;, -0.4626 0.0428 -10.790
InDIS, -0.8756 0.0241 -36.301

4 Source: International Economic Indicators, September 1999, Vol 22, Na. 9, published by the
Foundati on for Inter national Business and Economi ¢ Research, Inc.
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Table 4: (cont.)

Vaidble Coefficient Standard Error  t-gtatigtic

Augrdia 1.2334 0.1913 6.448
Indonesa -6.6040 0.7094 -9.309
Japan -4.3113 0.5221 -8.257
Korea -3.4845 0.2803 -12.431
Mdaysa 1.3402 0.2473 5.419
New Zealand 3.5008 0.7653 4574
Philippines -3.5861 0.3853 -9.308
Singapore 5.3257 0.8621 6.178
Thailand -2.6681 0.3309 -8.063
USA -2.9669 0.8084 -3.670
Augrdia 1.0472 0.1280 8.182
Indonesa -1.0348 0.1535 -6.741
Japan -0.9162 0.2934 -3.122
Korea 2.1379 0.2168 9.862
Mdaysa 1.6761 0.2487 6.739
New Zealand 3.9333 0.4539 8.666
Philippines -0.7099 0.1641 -4.327
Singapore 5.8855 0.5287 11.132
Thailand -0.2312 0.1403 -1.648
USA -3.6568 0.4861 -7.523
EEA -5.1637 0.5594 -9.231
1979 0.3454 0.0817 4.227
1980 0.5979 0.0827 7.226
1981 0.6082 0.0848 7.173
1982 0.5460 0.0867 6.299
1983 0.4750 0.0899 5.283
1984 0.4683 0.0938 4,994
1985 0.3817 0.0963 3.965
1986 0.2180 0.1008 2.163
1987 0.3766 0.1058 3.560
1988 0.4868 0.1134 4,291
1989 0.5543 0.1209 4584
1990 0.5592 0.1269 4.408
1991 0.5262 0.1325 3.971
1992 0.5237 0.1381 3.792
1993 0.5024 0.1449 3.467
1994 0.5289 0.1519 3.481
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Table 4: (cont.)

Variable Coefficient Standard Error  t-gatidtic
1995 0.6463 0.1593 4.056
1996 0.5900 0.1675 3.523
1997 0.5952 0.1720 3.460
Obsarvations 2420

RSS 947.541

adj. R? 0.91465

Note: Since this model includes an i ntercept term three dummy vari ables
(Canada as local and target country and also 1978) has been omitted.

Figure 1: Time Effects and Pacific Region Growth Recession
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L ocal andtarget GDPand populationcontinuetoexert a strongly significant positive
impact on export flows, with the former having alarger effect in the locd country, and the
latter in the target country. That is, the capecity effect of domestic GDP outweighs the
demand pull effect of target country GDP, and the production posshility frortier effect of
domegtic populationisoutweighed by the potential market effect of foreign population. Due
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to price effects, the exchange rate adversly dfects exports flows, as does the distance
between courtries. Both of these effectsare strongly satisticaly significant. Finally, of the
explanatory variables, only the foreign currency reservesof the importing country do not
appear to be strongly significant. However, this may be because this variable smply

represents the sum of past trade flows, and has little bearing on contemporaneous ones.

The countries which gopea to exhibit the lowed (relative) conditional propensity
to export are: Indonesia, Japan, Korea and the Philippines. Those with the highest are
Singapore and New Zedand. Those countries with the lowest (relative) conditional
propensity to import are EEA and U.S.A., those with the highest are Singapore, New
Zealand and Korea Thus Singapore and New Zealand appear to have the more open
economies, having high propensities to both import and export, once we have conditioned
on business cycle effects and local and target countryrelated fundamentals On the other
hand, EEA andU.S.A. appear to have a somewha closed economy, especially with regard
to APEC exports.

5 Concluding Remarks

From the above F-tests and the individud significance of mogt of the dummy variables, it
isquite clear that Model D isthe preferred specification. It issuperior both from a statistical
and an economic point of view, asit affords a better understanding of the data. Using this
model, we are ade to identify those countries with grong (and conversely weak)
propensitiesto both import and export. Thisisextremely importart for policy stting both
by, and within, the trading bloc. For exanple, APEC members wanting to pursueexport led
expansionary policies, would do well to look to Singapore and New Zealand as potential
markets. Moreover, superficially closed economies may not be so (c.f. Japan), once one has
correctly taken into account busness cycle dfects and local and target country

fundamentals. It is only by specifying the fully urrestricted gravity model, that one can
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adequately answer such questions. Policy could well be misdirected if such efects are

ignored, that is, based upon traditional Gravity models.

In terms of explanatory variades, if we were to (erroneously) focus on the restricted
(traditiona) Gravity model, the effect of foreign GDPwould bevastly under estimated. We
would aso have wrongly concluded that local and target popul ation has adetrimental affect
on exports. The effect of foreign currency reserves on export flows would have been over
emphasized and we would have wrongly conduded that the exchange rate did not affect

export flows.

In summary, it is imperative that policy is s& in accordance not only with the correct
response parameters (based upon the fully specified model), but also that the various
member states propensitiesto import and export aresufficiently, and adequatdy, taken into

acoount.
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