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Abstract: The article concentrates on the application of gravity-type model to explain the volume of agro-exports from
the Czech Republic. The multiplicative exponential function of the appropriate explanatory variables is used to describe
the bilateral trade flows. Gross national product, gross national product per capita and geographical distance between the
capitals of economies proved statistically significant. From regression analysis of the transformed data, there is apparent
the positive correlation between the export volume of the commodity group 0 — Food and live animals SITC, rev.3 and
gross national income. On the contrary, the negative correlation is between the agro-export volume and gross national
income per capita and geographical distance as well. The built model is significant at the 5% level and explains more than
75% of dependent variable variance.
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Abstrakt: Piisp&vek se zabyva aplikaci gravitaéniho modelu na vysvétleni velikosti exportii zem&dé&lskych komodit z Ceské
republiky. Zavislost objemu bilateralni obchodni vymény na ptislusnych vysvétlujicich proménnych je popsana multiplika-
tivni exponencialni funkci. Z pouzitych vysvétlujicich proménnych se jako statisticky vyznamné prokazaly hruby narodni
dichod, hruby narodni dichod na obyvatele a geograficka vzdalenost méfend mezi hlavnimi mésty. Z provedené regresni
analyzy na transformovanych datech vyplyva pozitivni zavislost objemu exportu komoditni tfidy 0 — Potraviny a ziva
zvitata SITC, rev. 3 na hrubém narodnim dichodu a negativni zavislostna hrubém narodnim dichodu na obyvatele a geografické
vzdalenosti. Sestaveny model je statisticky vyznamny na hladiné 5 % a vysvétluje vice nez 74 % variability zavislé pro-

ménné.

Klic¢ova slova: mezinarodni obchod, zem&délsky obchod, linearizovani regrese, obchodni toky

INTRODUCTION

The gravity model declares very good results in empir-
ical studies of bilateral economic relations. The inspira-
tion for the model came from the physical rule of universal
gravity. Generally, the strength of mutual relation de-
pends on the dimension of the object and on the at-
tributes of the environment. So simply the larger and
closer objects show a more intensive interrelation.

When the model is, by analogy, applied to the trade
flow of goods between the countries, it describes the
correlation of trade volumes with the size of both econo-
mies and “closeness” of the economies. The size or
strength of economy is usually characterised by some
aggregate product (GNP, GNI, etc), population or pro-
duct per capita. The objective of the closeness indicator
is encapsulation of all obstacles and advantages of mu-
tual trade. The obstacles are hidden in transportation
cost (geographical distance is usually the proxy), import
and export tariffs, different prices, etc. On the other hand,
positive impact on trade flow have common border, com-

mon language, membership in trading blocs, complemen-
tarity in comparative advantages, the extent of foreign
trade investment, etc.

In this paper, Czech agricultural export is analysed from
the point of view of the gravity-type model. The main
determinants of the gravity model will be derived using
the step regression analyses and the multiple regression
analyses. The model will be derived from the sample of
main trade partners of Czech economy in agricultural
commodities. Assuming the results given by the model
describe the typical level of Czech agro-trade, we can
estimate the potential extent of bilateral trade with the
other countries.

The gravity model in its most general formulation ex-
plains the bilateral flow F' i from economy i to economy j
as a function of a source object S, destination object D,
and the environment characteristics £, (Tinberger 1962;
Bergstrand 1985). The choice of the particular explanato-
ry characteristics varies highly. Mostly, the gross nation-
al product (income) per capita and geographical distance
are used (Bergstrand 1985; Porojan 2000). Other research-
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ers explain the trade flows by population, gross national
product, commodity prices, real effective exchange rate,
foreign direct investments, foreign currency reserves,
import tariffs, etc. (Porojan 2000; Feenstra et al. 1999;
Markusen et al. 1996; Matyas 1998).

The commonly used equation form is inspired by the
Cobb-Douglas production function and is following:

n
Fi =ao XX )xe™ (1)
k=1

where:
Fl.]. — the trade flow from economy i to economy j
X, - the explanatory variable

a, - the model constant

a, - model parameter
n — number of explanatory variables

Uy — normal random error term

The equation (1) can be alternatively rewritten in log-
linear form to estimate the model parameters using the
ordinary least square method. Bilateral trade flows are
then given:

Fi; =BX +uij (2)

where:

F*l./. — logarithm of trade flow from economy i to economy j
B - a vector of parameters

X — matrix of logs of explanatory variables

u; - normal random error term.

The use of ordinary least square method for parameter
estimation is often ignoring the prerequisites of the meth-
od. The appropriateness of the ordinary least square
method is questioned by Anselin (1998). The author
proves the presence of spatial effects in the aggregated
data. It is namely spatial dependence of residua caused
influence of other in the model not involved economies
and secondly, spatial heteroskedasticity resulting from
the heterogeneity in variables. The application of the
ordinary least square method is then misleading.

Anselin et.al (1996), Porojan (2000) suggested two so-
lutions of the problem of spatial correlation. Firstly to
estimate, instead of the equation (2), the following equa-
tion:

Fii =BX+pWFjj +v; (3)

where:

— logarithm of trade flow from economy i to economy j

— a vector of parameters

— matrix of logs of explanatory variables

spatial autocorrelation coefficient

— matrix of coefficients of bilateral influence of economies

— normal random error term.

The matrix W can be constructed in more different
ways. In literature, there is used the specification based
on neighbouring economies. Mostly there prevails the
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standardized contiguity matrix. Its elements are defined
as follows:

Wjj =wi*]- /Zwi*j 4)
i

where
Wy = element of matrix W
w*i/.— 1 for contiguous countries and O for the others.

Secondly, the impact of spatial dependence can be
decreased by adding the dummy variables among the
explanatory variables. This way the influence of member-
ship in trading blocs or presence of common language,
historical relations (e. g. former colony) explains part of
the bilateral trade flow.

The heteroskedasticity in the data can be removed by
Park procedure (Brennan et al. 1987) based on assump-
tion of correlation between residua e and explanatory
variables X in the form:

e 2 - ax X If by (5)

Rewriting the equation (5) in the log-linear form and
applying the ordinary least square method give the esti-
mations of parameters a and b,. Transforming the data
by weights X, * —b, , they become homoskedastic (e.g.
Brennan et al. 1987).

Authors usually involve more explanatory variables in
the gravity model to prevent the underspecification of the
model. The main disadvantage of this approach is very
often the increase in multicolinearity, that destroys the
estimations as well (Feenstra et al. 1999, 1996; Matyas
1998).

METHODS AND DATA

The modelling of trade flow will be based on the equa-
tion (2), that is the log-linear form of equation (1). To im-
prove the estimation of log-linearised equation, the
weighted ordinary least square method that does not give
asymptotic biased and consistent estimations of param-
eters is used. The used weights are square of dependent
variable (Seger 1998).

To avoid the underestimating, the larger set of explan-
atory variables will be used from the beginning. The for-
ward stepwise regression analyses identifies the
significant explanatory variables with conjunctive regard
to its multicolinearity. The estimations from the ordinary
least square method will be verified from the economic
and statistical points of view. In the statistical part of
model verification, the stress will be laid on tests of het-
eroskedasticity and multicolinearity. The spatial correla-
tion will be decreased by involving the appropriate
dummy variables from the very beginning. All calcula-
tions will be done by Unistat 5.1 Data Processor.

Since analysing the trade of Czech economy, the cha-
racteristics of the first object — the Czech Republic — are
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always the same for all bilateral trade flows. Their cumu-
lative impact mirrors in the model constant.

The agro-export is identify as export of commodity
group 0 — Food and live animals, Standard International
Trade Classification SITC, rev. 3. The data in the territo-
rial structure in USD were collected from the Central Bu-
reau of Customs database, the averages of years
1999-2001 were used to eliminate the year unstability in
data.

The set of explanatory variables was made very wide,
involving the eight determinants in the following order:
gross national income (GNI) per capita in USD computed
by the Atlas method (World Bank 2002), gross national
income in USD computed by the Atlas method, average
import tariff for agricultural products, total imports of
manufactured products in USD, real effective exchange
rate, two dummy variables describing the membership in
the EU or the EFTA and finally the geographical distance
between the capitals of the countries. All data were col-
lected from the World Development Indicators 2002 or
the World Development Indicators database. The geo-
graphical distances were set by the Distance Calculator
accessible via http://www.indo.com/distance/.

RESULTS AND DISCUSSION

The collected data were inserted into the Unistat Data
Processor and then appropriate function on their loga-
rithm was applied to. The forward stepwise regression
brought the results listed in Table 1.

Table 1. Results of forward step regression

Step Variable R-square F-ratio  Significance
1 GNI per capita 0.5924 47.9682 0.0000
2 Distance 0.7324 27.5233 0.0000
3 Real exchange rate 0.7725 18.5693 0.0000
4 GNI 0.8045 13.5991 0.0000
5 Population 0.8152 11.0234 0.0000

Table 2. Summary of regression results

Standard
Coefficient ~ nC¥¢  value Significance
error
Constant 17.7012  1.3268 13.3408  0.0000
GNI per capita ~ —1.5686  0.1732 -2.6921  0.0056
Distance ~1.8354 0.2132 -1.9746  0.0285
GNI 0.2531  0.0423  1.7707  0.0431
R squared = 0.7652
R squared adjusted = 0.7425
F(3.31) = 0.0952
Significance F = 0.0379
Durbin-Watson = 1.8648
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Conjunctive analyses of the computed matrix of parti-
cular correlations proved the hight degree of statistic
multicolinearity, especially between the real effective ex-
change rate and GNI per capita, secondly between GNI
and population.

It seems, that the best result should be reached by in-
volving GNI per capita, geographical distance and GNI.
The application of ordinary least square method and con-
sequent analyses of residua indicated the heteroscedas-
ticity depending on the GNI. The existence of
heterescedasticity was tested by the Spearman test, the
Spearman ratio reached the value of 0.8845. The he-
teroscedasticity was removed by the Park procedure.

The ordinary least square method was applied again
on the transformed data. Brief results are presented in
Table 2.

The regression analyses of the transformed data ex-
plain more than 74% of variance of food export from the
Czech Republic using the three explanatory variables.
The final model was built on the data with removed he-
teroscedasticity, the multicolinarity according the com-
parison of R-squared of the total model and R-squared of
the particular models is not significant. The autocorrela-
tion measured by the Durbin-Watson statistic is positive
but not significantly.

The regression analyses resulted in following model of
Czech agro-export:

17.7012 —1.5686 -1.8354

export = e x GNI per cap. x distance

x GNJ*2531

where export is in millions of USD, GNI per capita in thou-
sands of USD, distance in kilometers and GNI in millions
of USD.

From the economic point of view, the signs of the coef-
ficient are correct. The GNI describes the size of the econ-
omy and the correlation should be positive. On the other
hand, the geographical distance characterizes the obsta-
cles to trade, its higher value leads to decrease in bilater-
al international trade. The variable GNI per capita can be
interpreted as the level of economic development. Its
negative coefficient corresponds with the relative lower
competitiveness of Czech export into more developed
economies.

Comparing the computed model with other researches,
we can learn that exports are usually negatively correlat-
ed with the size of the economy (e.g. Matyas 2000). But
the size is measured by total population and the nega-
tive correlation characterizes greater self- sufficiency of
a bigger economy. Other researchers construct model
using only two explanatory variables: GNI per capita and
distance. (e.g. Porojan 2000; ITC Market Analysis Sec-
tion 2000) Then GDI per capita characterizes both the
level of development and the level of consumption and
the correlation with the export volume is positive.

The calculated model explains the bilateral trade vol-
ume of the group 0 — Food and live animals, using three
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explanatory variables. The basic dependency trends cor-
respond with the models of total trade flows. The minor
disparity can be given by the different choice of explan-
atory variables in each of the models.

REFERENCES

Bergstrand J.H. (1985): The gravity equation in international
trade: some microeconomic foundations and empirical evi-
dence. Review of Economics and Statistics, 67: 474-481.

Brennan M.J., Carroll T.N. (1987): Preface to quantitative
economics and econometrics. South western Publishing,
Cincinnati.

Feenstra R.C., Markusen J.A., Rose A.K. (1999): Using the
gravity equation to differentiate among alternative theories
of trade. NBER Working Paper no. 6804.

ITC Market Analysis Section (2000): TradeSim: ITC simula-
tion model for bilateral trade potentials. ITC Backgound
Paper, Feb. 2000.

Markusen J.R., Venables A. (1996): The theory of endow-
ment. Intra-industry trade and multinational trade. NBER,
Working Paper No. 5529.

Matyas L. (2000):The gravity model: some econometric con-
sideration. World Economy, 21: 397—401.

Porojan A. (2000): Trade flows and spatial effects: the gravi-
ty model revised. Review of University College London, 4:
168-173.

Seger J., Hindls R., Hronova S. (1998): Statistika v hospo-
dafstvi. Praha, Manager podnikatel.

Tinberger J. (1962): Shaping the world economy: suggestion
for international trade policy. The Macmillan Press, Lon-
don.

World Bank (2002): World Development Indicators 2002.

Arrived on 23" May 2002

Contact address:

Ing. Marcel Sevela, Ph.D., Mendelova zem&d&lska a lesnicka univerzita v Brng, PEF, Ustav ekonomie, Zem&d&lska 1,

613 00 Brno, Ceska republika

tel.: +420 545 132 956, e-mail: sevela@mendelu.cz, sevela@atlas.cz

466

AGRIC. ECON., 48, 2002 (10): 463-466



