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The gravity model reconsidered 

Introduction 

The gravity model consists of one basic equation. This equation is: 

X.. = f(GNP.. GNP.. D..) (1) 

ij i J ij 

in which X.. is a flow (of goods/ or persons) between nlaces i and i. 
1 1 o ir . j 

GNP.,.-. stands for a push (pull) factor of i(j). The push indicates 

the number and amount of possible flows from i and the pull indicates 

the attraction of place j upon the flows originating from i. D.. 

indicates a resistance factor: eg. the distance between i and j. 

Sometimes more equations are added which represent restrictions upon 

the nuraber of flows originating from i or arriving at j. The model 

is used in geographics as a spatial interaction model and in economics 

as a trade model. See Nijkamp(1975), Linnemann(1966) and Bennett(1985). 

The gravity model of international trade, in which X.. stands for trade 

in goods,'GNP for gross national product and D.. for the distance between 

i and j, is seen by Linnemann as a reduced form equation. The supply 

and demand for internationally traded goods are set equal in an equilibrium 

equation. Later Alonso(1978) provided a more general derivation, which 

can be utilized for other movements. Traditionally the gravity model is 

estimated using OLS. In this paper it is shown that this technique 

can yield biased results. Therefore another estimator, the Tobit estimator, 

is utilized, which provided unbiased results. In literature, different 

procedures to compute the Tobit estimation are suggested. In this paper 

two different procedures are presented: those of Heekman ard Fair(1977). 

Another element dwelt upon, is the explicit formulation of the balancing 

factor. In trade models prices are normally used as a balancing factor. 

In the reduced form prices are substituted by other variables. However, 
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explicit formulation shows that an assumption about the price 

elasticities is needed in order to estimate the parameters of the 

equation when the equation does not include a price variable. This is 

shown by Linnemann and Alonso. 

Review of literature 

In this paragraph, some estimations are presented in which the gravity 

equation was used to measure properties in international trade. 

Linnemann's thesis can be regarded as a starting point for the use 

of the gravity equation in international trade. Referring to his 

research many authors used the gravity equation after the publication 

of his thesis. Some basic features of his equation are: (1) the use 

of a cross section procedure, (2) the use of a least squares estimator 

(mostly OLS), (3) the inclusion'of gross national product (Y) 

and the population (N) of the trading countries and the distance (D) 

between the trading countries as independent variables, (4) the use of 

dummies to describe deviations from the normal pattern and (5) the transformation 

of the variables into natural logarithms. 

Linnemann estimated merchandise trade (X..) as: 
ij 

X.. = 0.12 + 0.98 log Y. + 0.86 log Y. - 0.21 log N. - 0.14 log N. 
1J (0.02) x (0.02) J (0.03) L (0.03) J 

TTTTP "PT̂ C B 
- 0.77 log D.. + 1.27 log P.. + 2.57 log P. . + 6.89 log P.. 
(0.03) 1J (0.14) 1J (0.26) 1J (0.67) 1J 

P,. = 2 if both countries (i,j) are members of the British Commonwealth 
. FFC X " 

and associates; P.. = 2 if both countries are members of the French N 

ij • B Community and associates; P.. = 2 if the two countries belong to the 
group Zaire, Belgium or to the group Portugal, Mozambique and Angola. 

Data connected with zero trade flows were omitted from the estimation 
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procedure. 

Standard errors are written between parentheses. 

The suffix i stands for the exporting country and j stands for the 

importing country. Linnemann regarded 80 exporting countries and 80 

importing countries, so in principle 6400 trade flows could be estimated. 

The year for which estimations are made is 1959. 

Hirch & Lev omitted the population variable (N) and they included a 

variable which indicated the difference in per capita income (pci). 

They wanted to test the Linder hypothesis, which states that trade in 

manufactured goods is enlarged if both countries have an overlapping 

demand structure-.for which the difference in pci is a proxy. 

The dependent variable X.. stands for food, textiles and clothing, 
IJK 

machinery other than electric, chemicals, electrical equipment, electronics 

and miscellaneous manufactured articles. The number of exporting countries 

(i) was four, the number of importing (j) countries was 111. The 

year for which estimates are made is 1966. The results: 

log X. ... = a + 1.74 log Y. + 0.76 log Y. - 0.74 log D. . & ijk ° ï ° j ij 

Y./N. Y./N. 
- 0.448 log ( min((-^—i), (-J—1))) 
(0.06) Y./N. Y./N. 

3 3 ii 

Fortune estimated 23 export relations. He explains manufactured exports 

from 1967 in relation to the GNP of the importing country for 1966 

by the difference of pci in 1966 and the distance between the trading 

countries. He did not use a loglinear model. His results were: 

X. . Y. Y. 
-itó = a. + b.(|-l - — I ) + c. D.. i = 1,2, .. 23 
Y. X X N. N. X XJ 
i J i 
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parameter mean number of 
positive 
estimates 
insign. sign. 

at 10% 

number of 
negative 
estimates 
insign. sign. 

at 10% 

b. ' -7 .47 2 0 14 7 
J 

c . -4 .53 0 0 9 14 
J 

Yamazawa used average data from 1960-'62. He considered 15 groups 

of countries and allowed for trade within the groups. His results were: 

X../ X. 
log(- ij 1. 

X ./ X 
-J 

D. . 
) = -0.2556 + 1.6534 log G.. - 0.5052 log( ^ 

(0.2394) 1J (0.0684) 14/D . •D. 

+ 0.0146 P1 + 0.5042 P + 0.7974 P + 0.2588 P 
(0.1296) (0.0860) (0.1950) (0.0687) 

C. . indicates whether "countries" i and i are more (C. above unitv) 

or less complementary (C. below unity). 

X. = IX.. and so on. 

P are dummy variables; P, is 1 if both i and j belong to the EEC, 

P1 is also 1 if if both countries are members of the EFTA; P„ is 1 

if both countries belong to the British Commonwealth or the French Community; 

P~ is 1 if both are socialist; P, is 1 if i is socialist (capitalist) 

and j is capitalist (socialist). 

Sharma estimated 13 export equations. Each estimation was based upon 

54 trade flows of manufactured goods. His results tried to establish 

a relation between the difference in pci and the trade flows. His 

estimation was based upon 1968 figures. The results were: 
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Y. Y. 
log X. .. = a.. . + a_. log( I—i - —<M ) + a„. log D. . + a. . log Y. 

ijk li 2i s 3i 5 ij 4i 5 j 
N. N. 

+ a,.. log (—*•) 
N. 
J 

parameter mean number of number of 
positive negative 
estimates 
insign. 

sig. at 
10 % 

estimates 
insign. 

sign. at 
10 % 

a l 
3.77 

a 2 
- 0 . 0 1 4 1 7 1 

a 3 
-0 .66 0 0 2 11 

a 4 
0.63 0 13 0 0 

a 5 
0.10 5 6 2 0 

Pelzman estimated trade flows within the CMEA and between CMEA countries 

and other countries. He used pooled data from 1954-'70. His results 

were: 

log X.. = 6.72 + 0.788 log Y. + 0.954 log Y. - 0.177 log N 
ij (0.03) J (0.03) (0.04) 

- 0.283 log N. - 1.229 log D. . + 2.788 log P. . 
(0.04) (0.03) 1J (0.10) ij 

P.. indicates whether country i and i are CMEA countries (P.. = 2) 
ij J J 1 3 

or not (P.. = 1). 
ij 

As a last example we present a study from Aitken who was interested 

in enlarging trade within the EEC and the trade within the EFTA. To 

this end he estimated trade equations for the years 1951 up to 



6 

1967 in which dummy variables for the intra EEC trade and intra 

EFTA trade were included. The parameter for these latter coefficients 

showed a remarkable increase. As an example the equation based upon 

1967 data: 

log X.. = 1.067 + 1.052 log Y. + 0.911 log Y. - 0.331 log N. 
1J (0.10) X (0.10) J (0.11) 1 

- 0.369 log N. - 0.349 log D.. + 0.892 log A.. 
(0.11) J (0.13) 1J (0.20) 1J 

+0.887 log P..EEC + 0.572 log P..EFTA 

(0.24) 1J (0.18) 1J 

F"FP 
A.. = 2 if both i and j are neighbours; P.. is 2 if both countries 

EFTA 
are members of the EEC and P.. is 2 if both trading countries are 

EFTA members. 

All authors have used least squares estimators. Most equations resemble 

each other: they are loglinear equations using as dependent variables 

the gross national product, distance and population. Let us discuss 

briefly the inclusion of both population and the gross national product. To 

begin with, we return to the last example of the gravity equation: 

the Aitken research. It has already been said that Aitken estimated 

the equation for all years between 1951 and 1967. Here we plot the 

estimates of' the coefficients to log Y. and log N.. The plot suggests 

a relationship between those coefficients. If the coëfficiënt of log Y. 

increases, the coëfficiënt to log .N. becomes more negative. 
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~ffKM«jt h .c9 yr 

G> athcjttW 

As another example we present two OLS es.timates of merchandise trade 

flows. For 1981 we got two estimates: 

log. X. . -3.647 - 0.726 log D.. + 0.891 log Y. + 0.821 log Y. 6 ij 1 j 

- 0.272 log P 1 - 0.366 log P £ + 0.023 log P 3 - 0.227 log P 4 

+ 0.087 log P 5 - 0.055 log Pg 

R = 0.637 

log X.. -3.120 - 0.696 log D.. + 1.054 log Y. - 0.316 log N. 
ij i ï 

+ 0.877 log Y. - 0.081 log N. - 0.290 log P - 0.351 log P 
J J X i. 

+ 0.077 log P 3 - 0.190 log P 4 + 0.142 log P 5 + 0.009 log ? 6 

R z = 0.662 
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P, .,,., are dummy variables which have value 1 if a certain country 

is a trade partner. (1 stands for Peru, 2 for Turkey et cetera). 

We used 75 countries in the sample, so that the total of trade flows 

is 5625. Here, multicollinearity between N and Y is clearly demonstrated: 

inclusion of population (N) as a variable causes a shift in the estimates 

of Y. 

Another remark can be made about the treatment of zero trade flows: 

trade flows reported by the statistics as zero. A logarithmic transfromation 

is not possible. Linnemann omitted the data connected with zero trade 

flows. Other authors' limited the number of countries in such a way 

that trade flows are positive. Yamazawa adjusted low values of the dependent 

variable. In the following paragraph we show the danger of (perhaps 

unknowingly) omitting data connected with zero trade flows. 

A final remark can be made about the price variable: no author has included 

an explicit price variable. In a final paragraph we will discuss this matter. 

Biased OLS results 

Judge (1980) shows that OLS estimates can be biased when (perhaps) 

undefined values of the dependent variable and the corresponding 

independent variables are not included in the estimation procedure. 

Often, in the gravity equation all variables are transformed in logarithms. 

When the trade flow-is originally zero, no logarithm is defined. In OLS 

estimatipns the undefined data of the dependent variable and the 

corresponding data of the independent variables are excluded. 

As an example several data series are generated. First independent 

data series are set up. The first independent variable (x1) includes 

5500 data in which three different values occur: 0.693, 1.733 and 2.340. 

The second independent variable (x_) includes 5500 data in which also 

three different values occur: 0.693, 1.386 and 1.792. Of course these 

values appear manifold in the actual data series. 
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Then a stochastic term (u ) is generated. This is generated from a 

a normal ((N(05 0.3)) distribution. These variables generate the data 

series of the dependent variable (y...) according to: 

y = a ,a > 0 yt t' t 
y undefined elsewhere (2) 
J t 
a = -1.160 + 0.400 x. + 0.600 x2fc + u , t= 1, 2, 3, ... 5500 

The number of undefined values for y can be thought of as being representative 

for the number of undefined values which appears if trade flows are 

trahsformed into logarithms. 

In the OLS estimation the dependent variable is excluded from the procedure 

when the value is undefined. The corresponding independent variables 

are also excluded in these cases. The results are: 

y = -0.571 + 0.274 x + 0.408 x 
(0.022) (0.007) (0.011.) 

The Standard errors are written between parentheses. The results are 

clearly biased. Thus it is suspected that OLS estimates of gravity models 

are biased. 

Tobit estimators use as a starting point the likelihood function in which 

the values of the independent variable are taken into account even when 

the dependent variable is undefined. The model to be estimated can be 

written as: 

yt - at, afc > 0 

y undefined elsewhere 

at = x t ' B + v ut * I N ( 0 ' CT2) 
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The likelihood function is: 

£( 3, o) = TT ( 1 - 3>(x '3 la )) TT i ip ((y. - x ' 3 )/a ) 
0 C 1 a C Ü 

(3) 

<5((.p) is the distribution (density) function of the Standard normal 

variable. TT stands for the product of those t for which y is undefined. 
0 . < < 

If y. is undefined, we know a^ = 0, hence u = -x '3. From the 
t t ' t t 

distribution function of u we know: P( u < -x '3) = ®( -x '3/cr) 

= (1- S>(x '3/cr)). TT stands for the product of those t for which y = a , 

a > 0. 1 

The loglikelihood function is: 

log £(3, er) = I log(l- 2>(x '3/cr)) - I -i_ (y - x '3 ) 2 

0 C 1 2a Ü C 

n 
*• nv log'ff - -p- log (2ir) (4) 

n. is the number of observations for which y is defined. So we have 
1 J t 

a non linear model. We can estimate (3,er) by maximizing log £ 

with respect to 3 and o. This can be done by an iterative procedure. 

The outline is. let ( ) a nfc step. then (P) ,,'=() + t P y 
' er n r' o n+1 o n n n n 

in which t is a step length, y the gradiënt of log £ and P a positive 

definite matrix. For P it is possible to take I, the unity matrix, 
n 

32(log £) -1 
or [ „ n ] or another positive definite matrix. 

a a 

Some try outs illustrated the need to compute y analytically. 

In literature two different short cut estimation procedures are presented, 
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One, derived by Fair, sets the gradiënt equal to zero. Those first 

order eonditions are used to arrive at an iterative procedure for the estimation 
3 of (ff). In the example illustrated above, we get: 

y = -1.174 + 0.402.x + 0.610 x 
(0.021) (0.007) fc (0.011). 

Another procedure, the Heekman procedure (see AmemiyaC 1984) and 

Judge) starts by rewriting (3) in: 

y t - x
t ' g 

£(3,a) = TT (1- ®(xt*3 /o0) n ( @(xt'3/0)) TT( ̂  o ) ) 

° l l o ® (xt'3 la) 

(5) 

The first two products describe a probit model for which 3/CT 

can be estimated. These estimates are substituted in: 

% n, (p(x '|j/ff) 
,'3 + a( - ) + y = x '3 + CT( 1- ) + e * (6) 

C t ®(xt'3/a)
 Ü 

It can be proven that E(e ) = 0, hence (6) can be estimated, 

using 0LS once (3/c) is estimated. In our example this procedure 

yields: 

y = -1.064 + 0.371 x + 0.573 x 
(0.063) (0.014) (0.022) 

The Heekman procedure yields worse results. The Standard errors are 

bigger and the differences between estimated coefficients and their true 

'values are greater. 

To become more familiar with the Tobit estimator another experiment 

has been undertaken. To this end 100 estimates have been made of (2). 

Because no restrictions vare placed upon 3 and a (such as 3 = 3 
or CT = a) the model in eq (6) is different from the model in (5) 
since (5) does not allow for different a and 3 in the first and last part 
in the equation. 
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To save computer time, the data series have 20 values. Both the procedure 

of Heekman and the procedure of Fair are used to estimate the coefficients. 

The results are: 

Heekman Fair True Value 

-1.057 -1.174 -1.160 
(1.900) (0.132) 

0.361 0.407 0.400 
(0.095) (0.011) 

0.596 0.578 0.600 
(0.231) (0.043) 

The values between parentheses are Standard errors computed from the 

100 estimates of these coefficients. As an overall result, the results 

of the Heekman procedure are worse than the results of the Fair procedure. 

Two procedures (the methods of Heekman and Fair) are thus tested. 

In the experiments the method of Fair yielded smaller Standard errors 

of the estimates and most estimates were closer to the true value than 

the method of Heekman. In both methods the estimates of the coefficients 

were within an acceptable range of the true value. The Tobit estimator 

is a good solution to the problem which occurs when values of the dependent 

variable are undefined. This problem is known in the estimation of trade 

flows when trade flows are modelled in a loglinear gravity model. 

OLS and Tobit estimates 

In this paragraph three sets of estimates are presented in tabIe 1. 

Firstly, OLS estimates are presented. Secondly, estimates are presented 

derived by the method of Fair. Those estimates are derived by maximizing 
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the following loglikelihood function: 

2 
• k - x '& • v yt ~ V 

log£(3j0) = E log( <5 ( £ )) - I ( ) 
0 • o 1 2a" 

T 

n 
- n-^og a - — log(2ir) (7) 

In the first part of eq. (7) the treshold is seen at which flows 

are reported as zero or non zero. The treshold is set at \ . 

Thirdly, the estimates are presented which are derived by using the method 

described by Heekman. Those estimates are derived by maximizing the 

likelihood function with respect to (B/a): 

(8)1 

(8)2 

£(B/a) = TT (1 - <£(x 'B/a)) n ($(x 'B/a)) 
0 C 1 ü 

foliowed by an OLS estimation of (B,cO in: 

^ ^ tp(x 'B/o) 
y » x 'B + o( ) + e,. 

4U 'B/o) C 

Table 1 presents the estimates of 3 and a; an appendix presents the 

estimates of (B/a). 

Due to a somewhat different approach it did not seem necessary to include 

the treshhold value \ . 
The results are based upon the trade flows between 51 countries. Leaving 

out the flows from country i to itself, 2550 trade flwws are utilized 

as data. 

The estimates are made from year 1970 to 1983. 

Data sources: for trade flows merchandise trade was taken as reported in 
"Direction of Trade" by the IMF. The data with respect to GNP were taken 
from the "World Bank Atlas" and the data with respect to distance were 
seen as distance from the economie centre in a country to an economie 
centre in the trade partner country. It was assumed that all trade takes 
place by sea. 
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Table 1 OLS estimates 1970-'83 for bni„- in log X.. = b. + b,log UlZJ ij U 1 

+ b2log Y. + b3log D.. . 

Year s.e. s.e. s.e. 

1970 -2.090 0.650 0.018 0.667 0.017 -0.543 0.028 0.648 
1971 -2.172 0.666 0.018 0.679 0.018 -0.556 0.029 0.648 
1972 -2.177 0.665 0.018 0.692 0.018 -0.565 0.028 0.658 
1973 -2.989 0.735 0.017 0.769 0.017 -0.539 0.027 0.695 
1974 -2.914 0.730 0.018 0.755 0.018 -0.526 0.029 0.659 
1975 -3.318 0.806 0.018 0.785 0.018 -0.567 0.030 0.690 
1976 -3.218 0.789 0.019 0.802 0.019 -0.606 0.033 0.657 
1977 -3.472 0.814 0.018 0.808 0.018 -0.582 0.032 0.685 
1978 -3.850 0.869 0.018 0.815 0.018 -0.576 0.032 0.695 
1979 -3.925 0.853 0.018 0.852 0.018 -0.589 0.032 0.702 
1980 -4.147 0.884 0.019 0.853 0.019 -0.573 0.032 0.684 
1981 -4.178 0.922 ' 0.019 0.825 0.019 -0.601 0.032 0.694 
1982 -3.997 0.931 0.018 0.808 0.018 -0.642 0.031 0.709 
1983 -3.983 0.938 0.019 0.822 0.019 -0.675 0.032 0.697 

Tobit estimates - method Fair lo.g(£(3 

1970 -3.288 0.999 0.022 0.971 0.022 -0.678 0.037 -4022 
1971 -3.529 1.026 0.022 0.994 0.022 -0.659 0.037 -4389 
1972 -3.570 1.010 0.022 1.016 0.022 -0.653 0.037 -4542 
1973 -4.351 1.097 - 0.022 1.109 0.022 -0.638 0.037 -5792 
1974 -4.396 1.117 0.024 1.097 0.024 -0.638 0.040 -5554 
1975 -4.692 1.198 0.025 1.104 0.025 -0671 0.042 -6176 
1976 -4.856 1.195 0.025 1.149 0.028 -0.685 0.045 -6369 
1977 -4.920 1.211 0.025 1.127 0.025 -0.672 0.045 -6537 
1978 -5.158 1.251 0.025 1.131 0.025 -0.675 0.045 -6883 
1979 -5.233 1.244 0.025 1.148 0.025 -0.682 0.046 -7059 
1980 -5.382 1.257 0.026 1.153 0.026 -0.660 0.046 -7413 
1981 -5.506 1.295 0.026 1.142 0.026 -0.685 0.047 -7574 
1982 -5.389 1.296 0.026 1.132 0.026 -0.719 0.046 -7371 
1983 -3.818 1.132 0.032 1.009 0.032 -0.883 0.056 -5438 
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Table 1 cont'd. 

Tobit estimates - method Heekman - ̂ these estimates can be thought of as 
estimates of $ and a in eq. (6) and (8) 

Year b_ b.. s.e. b„ s.e. b„ s.e, 

1970 -3.925 0.901 0.025 0.894 0.025 -0.643 0.027 
1971 -3.790 0.879 0.026 0.872 0.025 -0.625 0.028 
1972 -3.785 0.867 0.024 0.886 0.024 -0.627 0.027 
1973 -4.197 0.883 0.023 0.909 0.023 -0.584 0.028 
1974 -4.092 0.875 0.025 0.887 0.026 -0.571 0.029 
1975 -4.095 0.904 0.026 0.868 0.024 -0.596 0.030 
1976 -4.254 0.913 0.028 0.911 0.027 -0.635 0.031 
1977 -4.222 0.905 0.027 0.884 0.025 -0.605 0.031 
1978 -4.418 0.937 0.028 0.873 0.025 -0.595 0.031 
1979 -4.425 0.913 0.027 0.901 0.025 -0.604 0.032 
1980 -4.971 0.980 0.029 0.933 0.027 -0.598 0.033 
1981 -4.586 0.969 0.028 0.865 0.026 -0.612 0.032 
1982 -4.080 0.941 0.027 0.817 0.026 -0.644 0.030 
1983 -4.002 0.941 0.027 0.824 0.027 -0.675 0.030 

The method described by Fair yielded the best results. As an example 

let us turn to a survey which confronts the trade values with simulated 

results for the year 1978. In table 2 we see the estimates are clearly 

biased if an OLS estimation procedure is used, The best fit is derived 

if the Fair procedure is used. 

Table 2 confronts actual trade figures for 1978 with simulated 

trade (10 Y. Y. D.. ) where b, are estimates obtained by 
i j ij k 

OLS, Tobit (Fair) and Tobit (Heekman) procedures. Each table consists 

of several rows (T. ) in which the first element (T..,) indicates the 
ï. il 

number of actual trade flows which belong to a certain class. Eg. 

T... = 141 indicates that 141 trade flows are reported as amounting 

to $ 1 million. The other elements in the row (T.. . ,) indicate 
ij. 3>l 

the amount of simulated trade flows - assuming that the original trade 

flow is included in the first element of the row. Eg. T„_ - 1 indicates 

that one simulation yields the simulation being $1 million, while the 
actual value was $ 1 million. 
* 

In an appendix following "Data Sources" the probit estimates are 
given. They can be thought of as estimates for (3/a) in the first part 
in eq. (5) and as estimates of (ft/a) in eq. (8)1. 
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Some more estimates were made but are not reported here. One estimation used 

a GLS estimator, allowing for an increase in the variance in trade flows 

if trade takes place between major countries. Those estimates xrere (like 

the OLS estimates) clearly biased. Therefore the GLS estimator did not 

lead to a major improvement in the estimates. 

Another estimate was made, using a computer routine which maximized 

eq. (7). Here the short cuts•described by Fair were not utilized. 

This method was far more expensive in computer time, convincing a 

researcher with a limited amount of computer time of the benefits 

of the method of Fair. Fair himself also reported this result. 

In literature the most frequently used estimator for the gravity 

equation is the OLS estimator. This may be due to the fact that 

Tobit estimators consume much computer time sven when a short 

cut method is utilized suc.h as the Fair method. One example of the 

Tobit estimator can be found in a thesis, written by Bikker (1982). 

His likelihood function differed somewhat because he separated two 

processes: one decision making process ( d = x ' ? + v , v ^ IN(0,D) 

whether to trade ( d > 0 ) or not ( d = 0 ) to trade and a process 
t t 

-given the decision to trade- to decide the amount of trade:(y amount of trade) 

yt - xt'3 + ut 
vt = ( P /a ) ut 2

+ et 

u ^ IN(0, ff ) 

e ^ IN(0, l-p2) 

Both processes are based upon the same set of variables (x )and both 

processes are related (using the correlationcoefficient p ). 

His loglikelihood function is: 
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log£(5,ps3,a) = I log »( -x '? ) + I log 

° X /(1-p2) 

, V ? + g( yt-xfr'3 ^ 

1 2 nl 
K y - x '£ ) - n log a - — log(2Tr) ? Z(r- y<_ - x '3 ) - n. log 

2CT 1 ü C -1 

(9) 

An application of the estimates of the coefficients 

The 51 countries for which the trade flows were estimated were not 

eneaaed in debt negotiations during the period 1970 - '83. If d'ebt 

negotiations are used as a proxy for a situation in which severe balance of 

payments (BOP) problems exist, then ït is feasible to use the estimates 

of trade flows to öbtain an estimate for the amount of trade which 

would have taken piace if no BOP probiem would have occured. To correct 

for the partieularities of an economy under investigation an array 

of estimates is made for the years 1970 up to 1983 to give an insight 

into the development of the estimates. 74 flows between an economy 

and their trade partners are thus simulated. The simulations are 

contronted with 74 actual trade flows, from which a ratio is calculated: 

X . 

(10) ratio = 
b0 bl b2 b3 E 10 V V D„ 

m which b„n „.. are estimates obtained for the trade flow between 
ui/o 

country i and j, derived by the Tobit estimator using the method of 

Fair. For example, in case of Brazil import ratios were calculated. 

See table 3a. 
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Table 3 Import ratios for Brazil 
(actual GNP used) 

Year ratio 

1970 0.83 
1971 0.83 
1972 0.87 
1973 0.71 
1974 1.01 
1975 0.79 
1976 0.58 
1977 0.46 
1978 0.47 
1979 0.51 
1980 0.45 
1981 0.46 
1982 0.41 
1983 0.63 

The array of ratios shows a steady decrease from the mid seventies 

towards 1982 in which year the BOP constraint was severly feit in Brazil. 

But the ratio shows a strange upturn in 1982/83. It seems an improvement 

in imports. 

A closer look reveals that Brazils GNP decreased in 1982/83. Therefore 

the ratio increases, a statement which can easily been verified by 

looking at eq. 10. 

If an estimate of the trade flow is desired as if no constraint had occurred, 

the GNP of the country under investigation must be estimated as if 

no BOP problem had occurred. 

A first attempt is to regress the GNP upon GNP of comparable countries 

during the period in which the country did not experience BOP problems. 

Then a forecast is made for the period in which the BOP problem 

occurred. The latter forecast is then used in eq. (10). This manoeuvre 

yielded better results. This can be seen in table 3 in which the strange 

upturn does not occur in 1982/83. 
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Table 3 Import ratios for Brazil 
(forecasts for GNP used) 

Year ratio 

1970 0.81 
1971 0.78 
1972 0.85 
1973 0.75 
1974 1.10 
1975 0.87 
1976 0.80 
1977 0.60 
1978 0.54 
1979 0.57 
1980 0.56 
1981 0.49 
1982 0.40 
1983 0.39 

Although some good results were obtained by the above method, the method 

is not satisfactory. In future research a more elaborate method must 

be used in order to get a better description of what takes place within 

a country during BOP constraints and why the GNP declines. 

Inclusion of prices 

In the paragraph dealing with the review of literature it becomes apparent 

that no author used a price variable in the gravity equation. Linnemann (p. 44) 

showed in his thesis that this procedure presupposes a constraint 

upon the price elasticity. 

His model from which the gravity equation was derived as a reduced 

form equation will be briefly discussed here. His structural equations were: 

y D = Y ör, Én P 
A. . — v ï. p. TJ. . r • i • \ 
IJ Y J *1 IJ U f j) V S F = Y ar, ^ A. — Cü ï • P • 

(11) 

(12) 

(13) 
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D . . SF 
X.. is the demand for merchandise trade and X. is the supply of 
ij 1 e v 3 

merchandise trade. 

So the price is: 

1 

p. = ( 1 Y.~a X Y.V.P ) *'e' (14) 
1 tü 1 . 1 1 1 

J 

and the reduced form is: 

TT -e -ge - E 

X. . - Y ^ ü) ^"£ Y. ̂  Y. D..P(I Y . S - . P ) ^ 2 

ij i J IJ j J ij 

(15) 
£ 

Only assuming that (I Y. D.. ) = 1, eq. (15) has the same form 

as the gravity equation.J 

Dropping the latter assumption, an iterative procedure yields 

estimates for the parameters. Each step includes a Tobit estimation ( Fair), 

The n iteration is an estimation of X.. by substituting 

/r ,, n-1^ n-1 TT-E n-1 . ,nc, . , • . 
p. = (2. Y. D. . ; in eq. (15; in order to estimate 
1 • • J ij 

J 
ĵ i 

TT -z 
, TT—E TT-E. £g r , £ . 
(Y U ) , - — , 5 j P' >(-—•) n TT-E n n n TT-E n 

The estimates are presented in table 4. 
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The estimates were computed using the method of Fair. Comparing the results 

with estimates obtained in table 1 when the price variable was excluded, 

we see a strong indication for multicollinearity between the constant and the 

prices. 

Some final remarks 

The purpose of this study was to do research on the gravity equation. 

The main finding was that the Tobit estimator yielded better results 

for the coefficients in the gravity equation than the OLS estimator. 

This study was undertaken as a part of a larger project, which tries to 

indicate the influence from BOP problems upon trade flows. As briefly 

indicated in '"An Application of the estimates of coefficients", this 

is only possible when a better insight in the influence from the BOP problems 

upon a country's GNP is obtained. 
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Appendix 

Estimates of the probit model of international trade. These estimates can 
be thought of as estimates of ($/cr) in eq. (5). The estimates are utilized 
in the Heekman procedure in order to estimate the bias in a OLS estimation. 
The bias is estimated by (tp(x '$/a)/$(x '3/a)). See also eq. (8)1 and (8). 

Y. Y. D.. 
i j ij 

1.35 1.24 -0.89 
1.43 1.31 -0.82 
1.37 1.31 -0.75 
1.44 1.40 -0.70 
1.33 1.21 -0.71 
1.40 1.18 -0.69 
1.49 1.31 -0.69 
1.42 1.18 -0.68 
1.37 1.15 -0.69 
1.36 1.08 -0.65 
1.33 1.10 -0.61 
1.33 1.12 -0.62 
1.27 1.11 -0.57 
1.26 1.17 -0.55 

Year const 

1970 -5.84 
1971 -6.76 
1972 -6.84 
1973 -7.85 
1974 -6.96 
1975 -7.38 
1976 -8.38 
1977 -7.70 
1978 -7.51 
1979 -7.45 
1980 -7.64 
1981 -7.80 
1982 -7.72 
1983 -7.94 
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