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1, Introduction. The scope of the report.

Since the late forties, problems of the economic deve-
lopment of the materially less=advanced countries have received
a good deal of attention from economists all over the world.
HBeonomic development has been re-—discovered as both an academi-
cal and a practical subject of paramount importance. This
study of development problems has had a stimulating“influence
also on several related fields of study in the economic discip=-
lines.. A clear example of such a refreshing and stimulating
effecﬁ£of development questions on other areas 1s the increased
attention to international trade which has demonstrated iltself
duriné?the last decade or so., A substantial number of publicas
tions devoted to international trade matters—particularly in
the context of the "developing world" - bears witness of a revivel
interest in this traditional field of economic study.

Most of the work done in this field isj,however, of a
qualitative rather than a quantitative nature. Some of the more
recent studies analyze with a good deal of refinewent and detail
how economic growbh and development might affect the future
growth of world trade, or vice versa how the development of a
country's or a region's exports might determine ites rate of
economic growth, Such analysis is usually concerned with mar-
ginal relationships, and not with average or toval magnitudes.
In contrast to these general tendencles, the present study is
predominantly quantitative in nature, and it concentrates o
average rather than on marginal economlc relalions.

The approach followed in this analysis originates
from a similar but less ambitious study undertaken by a research
team of the Netherlands Economic Institubes this research 1s
reported on in an appendix to Professor Tinbergen's recent book
on international economic policy12 The main objective of the
present study is to explain, in a quantitative way, the value

1) Jan Tinbergen, Shaping the World Economy-Suggestions fo
Econo%ic Policy,N

an Intemational olicy,New Yori: TwentieGh Gentury
Fund.z 1962 e
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of the trade flow between any palr of countries in Gae woxld.
What factors determine the amount (in valueyterms) that countbry
A exports to countrny, and what is the relative importance of
the various factors? And once the role played by the basic
facltors is esbablished, which countries show the most pronounced
deviations from the normel pattern of trade flows, and why ?

TH is obvious that an adequate discussion of all theo-
rebical and practical questions involved in this study surpasses
the scope and size of a simple memorandum, A more elaborate
trestment of these questions will be given in a forthconing
publication. The present memorandum concentrates thersfore on
the emgﬁricél part of the study, it describes the compubtational
procedure and the main results obteained. The first euthor, who
has been working at the Institute of Nabtilonal Plonning for two
years as a visiting expert'on economic planning, has inltiated .
the study and is primarily responsible for its set up and. fox
the economic and statistical aspects of the enslysis, The second
author, who is permanently on the staff of The Operations Research
Center of the Institubte, is responsible foxr the computer pro-
grammes and computabtional procedure in. general :

The authors are greatly iundebted to the Board of Directors
of the Tnsbitute of National Planning foxr thelr permission o
uge the IBM 1620 computer of the Inshitute for the pUrpose of
the present study, Thelr special thanke are due te DX Salan
Hamid, Directoxr of the Operations Resesanch Ceater of the Ingti=
tute, for his generous cooperation and sgsistance and for stimu-
lating support of their work. Unnecessacy TO say thal, without
this support and cooperation firom the side of the Institute's
management and staff, this study could not have been underbaken
and completed. For errors and shortcomings, however, the authors
alone are to be held responsible.

w
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23 Factors influencing the size of international trade flows.

In the subsequent analysis, four different magnitudes,
or "variables", are used in explaining quantitatively the size
of the annual flow of trade between countries., These magni-
tudes are i
(4 ) national income,or gross national product;

(ii ) population size;
(iii ) geographical distance;
(iv ) political economic preferences.

The latter concept is, strictly speaking, not a measureble
magnitude; we will see later on how such a nonsquantitative
concept can be introduced in a quantitative analysis, First,
we will explain briefly the economic significance of the above-
mentioned factors, ' i

The economic magnitude or variable that we want Go "explaln™
agtatistically is the size of the trade flow, measured for an
annual period, between any two countries of the world. The
most obvious Tfactor influencing a trade flow is the ecomomic
size of the trade partners. The United States of America 1s
the world's biggest economic unit as far as the production of
goods and services is concerned. It is not surprising, bthere-
fore that for many countries the United States is the main
supplier of foreign goods. The size of the national produch
of the exporting country is clearly one of the forces thab
pleys a part in explaining the size of a trade flow. On the
other hand, the national product (or the national income) of
the importing country is relevant as well., The exports of
the United States to Italy are bigger in size then those going
to the U.A.R., because the buying power of Italy is largex
than that of the U.A.R, Similarly, the United States exports
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to the U.A.Rs are bigger than those to ILibya because Idbya's
national;pgoauct or income 1B much smaller than that of the
UsA.R, Thus, we find that the G.N.P.'s (gross national products)
of both the exporting and the importing country affect conslie
derable the volume of trade between two countries.

It isy of course, not only national product which is
important, If we compare the two countries Mexico and Sweden,
we find that their GeNoPs '8 are almost the same; yet Swedish
international trade is about twice as high as Mexican foreign
trade, This would seem to be due to the fact that Mexico can
be more seifsufficient than Sweden (without a loss of efficlency
in production), because the opportunities for large-scale pPro~
duction are easier realized 1n a country of 35 millilon people
than in a national economy comprising only & milliion consumers
An analogous comparison could be made between Turkey and Denmark,
having sbout the same total income bub substantlelly different
imports and exports., We may note in passing that equal GoN.P.'s
with different popuiation sizes also implies a difference in
per capita incomes. To the extent that the relative impoxrtance
of foreign trade would also depend on the level of income per
head of the Populationgz it is again through the incorporation
of population size as a trade - determining vamiable thal this
factor is taken care of, Therefore, the population=-size va-
riable brings intoe the énalysis two elements;  (a) the exisbtence
of economies of large-scale production, or at least the idea
of indivisibilities leading to a minimum output level for effi-
clent production, and (b) the possible effect of per capita
income on foreign trade, :

The magnitudes discussed so far are, in a sense, the
general characteristics of a country as a supplier or a buyer

2) There is little empirical evidence on the impact of pen
capita income on the relative importance of foreign
trade,
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on the world market. Thus, the size of the trade flow from
country A to countr& B depends on the general characteristics

of A as a supplier to the world market (i.e. the G.N.P. and

the population of country A) and the basic wariables déscribing B
as a buyer on the world market (i.e., again the G.N.P, and the
population size, bubt now of course those of country B). However,
trade between two countries also depends on gpecific factors,
that is, on factors which take a particular value in each indi-
vidual case of one pair of trade partners. Two such factors

are intreduced in the analysis; the first of them is the geo-
graphical distance between the trade partners..

The distance between country A and country B influences
the trade between these nations in a negative way: the greater'
the distance, the smaller the amount of goods traded between
the partners. This negative influence is due to twe causes.
First of all; and most obviously, the greater the distance
between the trade partners, the higher the cost of transpoxrita-
tion end hence bthe weaker the competitive position of the
exporting country. Secondly, even in our present~day world with
its tremendously improved possibilities of communicatlon,
exporters are still much better informed about business condi-
tions and the market situation in neighbouring or nearby cown-—
tries than about commercial conditions and economic possibilities
at the other end of the globe. The foreign trade statistics
reveal that usually a country's neighbours are among its most
important trade partners. The impact of the factor distance
on foreign trade flows is clearly discernible.

The second specific factor affecting the trade between
a pair of countries is the degree of politicel and socilo=economic
affinity that exists between the two partners. Close political
cooperation, and a thorough knowledge of each otherts culbure,
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language, and institutional setup, will have a stimulating

affect on trade, This is particularly true if the politicalw
economic cooperétion expresses itself in the establishment of
preferential trade areés, Leeo in the lowering cor abolition of
import duties on each other;s'commodities, end the partial or
Gotal remoral of other artificial impediments to mutual trade,

The present study starts from the simplifying assump-
tion that, with a number of important exceptions to be specifis
below, the degree of socio-—economic affinity 1s roughly the
same for all countries of the world. There may be positvive or
negative deviations in individual cases from this "average™
level of cooperation-implying also an “"average" level c¢f trade
impediments like import duties and the like-but these deviablons
are consldered to be random deviations from the statistical
viewpoint. In making this assumpbtion, the necessary @xéeptions
immediately spring to the eye. First of all, the trade with
the centrally-planned economics of Eastern Burope and Asia does
not fit into this assumed normal pattern or level of zooperc-
tionf In spite of the recent trend towards incressed Basi-West
trade, there are stlll numerous embargoes and imporsant resteic-
tions on the trade between communist and non-communist covntries.
In first instance, this prcblem\could only be solved by exclu-
ding all communist countries from the analysis. Yugoslavia
has been included, however, as this counbtry has puwsued for
many yeaers already a more liberal foreign trade policy. A sscond
important exception is due to the Arab Leagus embaorgo on btrade
with Israel, The trade flows between Israel, on the cne hend,
and the nine Arab League member countries included in the ano=
lysis, on the other, were zero for political reasons end have,
therefore, been excluded in the empirical amalysis, For the
year to which the empirical investigation refers, 1959, no other
boycotts or trade embargoes wera. effective as yet (Cuba,Portugal,
South Africa),.



(7

Having thus excluded from our analysis the trade flows
for which the negative deviations from our assumption on “normal®
trade relations are clearly due to systematic forces, and too
pronounced to be considered as a random disturbance, we have
to deal now with systematic positivé deviations. These posi-
tive deviations are found to exist in the preferential trade
agreements originating from past— and sometimes still present-—
colonial relations. Trade between the member countries of ths
British commonwealth is fastered by the so-called " Tuperial
preferences® ( and, of course, by the greater familiarity with
each other'!s economic and political conditionsg). Similarly,
members of the French Community have much easier access to each
other's markets than third countries have, Finally, in 1959
the Belgian and the Portugese colonial "empires', though
dwindling, were still in existence, In all these ce Ses, trade
between member countries was mué¢h larger than usual, as the
follow;ng sections will show. The preferential trade rela=-
tions were taken into account in the empirical analysis by
introducing a so-called "dummy variable". This variable has
the value zero if no preferential trade relations exist between.
the pair of countries under consideration; if both countries
belong to the same preferntial grouping, the varisble bakes
a value (an arbitrarily fixed positive value, say 1) different
from zero. For 1959, the trade~fostering effects of moxe
recently established preferential areas, like the Buropead
common Market, or the latin-American Free Mrade Assccialbion,
were still too insignificamtto warrant the introdwction of
additional dummy variables.

Summarizing the above discussion, we see that the fol-
lowing variables contribute to an explanation of the slze of
trade flows., We introduce sywmbols for the variables, and
denote the exporting country's symbols with a subscript 1
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and the importing country’s with a Js a double subscript
refers to a flow from 1 to je The variable to be explailneds

X, 4= the annual trade flow from i to J.
The explanatory vaxriables:

Yi = gross national product of country i g
Ni = population of country 1 j

Y, = gross national product of country J

J
Dijz distance between country i and country J i

Pi L=

j preferential relationship between country i and

countTy Je

The last-mentioned variable cen be "split up" further,
This is desirable as it is not certain that British common-— '
wealth preference, French Communlty preference, end the Bel-
gian and portugese colonial prefercnces have all of Them an
equally strong trade~fostering effect. Thuse, achtually thiree
preferential variables are distinguisﬂed in the emplrical

exercises
B A
P” = Britilsh Commonwealth preference;
PY = Fronch Community preference j
PC = Belglan and Portugese colonial preferances.

In specifying the mathematical form of the relatilon-
ship we adhered to the well-known principle thalt demand and.
supply relationships are often of a multiplicative rather
than additive character. The relation between the vaniebles
is supposed to be not linear in the absolube velues but
instead logaxithmic-linear. Denoting bthe unknown parameters
of the relationship by the Greek letb&rﬁ7, we have

Z, ;= yozll/ N, ﬂ{ﬂz’ b 5 (P )pG(P ;) 7(.?0 e

o
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After the foregoing discussion it will be clear that the
following values of the nine parameters are to be expecteds

Gy IR Ry SR O AN : Positive
2. 4. .5 t Negative

The constant is merely a scale factor; its value
depends on the cholce of the units of measurement.

The above formula will now be confronted with actual data,
in order to determine (a) how satisfactory or unsatisfectory the
assumed relationship explains actual trades (b) what values the
parameters bake; esnd (¢) what other systematic forces influencing
the trade flows could be traced through studying the "residuals",
i.es through observing the non-explained variaticns in trade
flows, The technique to be used in this empiricel study is that
of or&inary least~squares multiple regression analysis., Before
we g0 more deeply into technﬁcal detalls, howevexr, we have %o
describe the geographical coverage of the study and to mention
the sources of the necessary data.

3. Coverage of the empirical study, and sources of data.

As the trade-flow formula presented in the previous section
is Intended to be of general applicability, it is necessary to
Vverify its accuracy and "prediction power" on the basis of a.set
of data which is as broad and encompassing as possible. The
geographical coverage has been made therefore as wide és the data
permitted. Apart from the Communist states, all countries of
the world have been included except (a) those for which no data
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are avallable, or for which the trade data are sppazraatly
highly unreliable; and (b) those countries for which wost of
the forelgn trade takes the form of tramnsit trade (Hong Kong,
Singapore, Panama, etcg), Because of the first require@pntu
more or less accurate data available— a rather large number
of countries dropped outs We are left with 80 countries
altogether, for our empifical'analysis9 These countriss=— ox
groups of countries, as for instance in the case of Former
French West Africa, comprising eight countries nowadays inde=-
pendent~ are listed alphabetically in Table 3.l; their code
number correspondswith the ranking on a regional basis wihlech

Y

is used in the trade statistics,
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Table 30L
The eighty countries included in the emplrical analyels
(the code number indicated geographical ordering)

65 Afghanisgtan 27 France - 80 New Zealand

53 Angola 28 Germeny,Fed.Rep,10 Nicaragua
13 Argentina 58 Ghana 62 Nigeria

79 Australia 29 Greece : 34 Norway

23  Austria 07 = Guatemala 70 Pakistan

24 Belgium 08 Honduras 17 Paraguay

14  Brazil 30 Iceland 18 Peru

2l British Guiana 69  India 77 Philippines
66 Burma 7% Indonesia 35 Portugal

21 Cambodia 46 Iran - 63 Rhodesia

55  Cameroun 47  Iragq 52 south Africa
02 Ganada 51 Ireland 36 Spain

67 Ceylon 49  Israel - 51 Sudan

15 Chila : 32 - Lhely 37 Bweden.

16 Columbia A1 Jamaica 38. Swi.bzerland
54  Congo (Léop.) 74  Japan - 43 Spria

03 Costa Rica 48 Jordan . 63 Talwan

o4 Cuba. 75 Korea,Repomf 78 Thailand

41  Cyprus 44  Lebanown 12 Trinidsd

25 Denmark 50 Libya o4 Tunlsla

05 Dominican Repe. 59 Madagascar 39 Turkey

06 El Balvador 76  Malaya,Fed.of 42 United Arab Rep.
45 Ethiopia 09 Mexico 22 United Kingdom -
26 Finland 60 Moxrocco Q1 United States
535 FFr.Bquat.Africa 61 Mozambique 19 Uruguey

56 FFr.West Africa 33  Netherlands 20 Venezuela.

72 Viebtnam,Rep.ol
40 Yugoslavia

Nétes ﬁhe following abbreviations are used ?ov impliﬂitya

FFr.Equat.Africa¢ the countries formevly consth 1ting French
BEquatorial Afrlba.

FFr.West Africas the countries formerTJ QQQQti4‘uL%F Frsnch
West Africa.

Rhodesiat: the Federation of Rhodesia snd Nyassland.

South Africa: South Africa and South West Africa together.

Trinidad:Trinidad and Tobago. Ut
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For these eighty countries, the trade flows expressed
in United States dollars can be obtained directly from the pub-
lication Direction of International Trade; a Joint publication
of the United Natbtions, the International Monetary Fund, and the
International Bank for Reconstruction and Development, This
gives us 80 times 79 =,632O trade flows. Some of these observea=
tlons have to be dropped, however, because of the Arab League
embargo on trade with Israel. Nine Arab countries included in
our study are involved in this boycott: Iraqg, Jordan, Lebanon,
Libya, Morocco, Sudan, Syria, Tunisia, and the United Arab
Republie. Thus, 2 times 9 = 18 trade flows are zero for poli-
tical reasons, Moreover, because of the merger between Egypt
and Syria, nowfigures for the trade.flows betwsen them in 1958
and 1959 are published. For these reasons 20 trade flows have
to be omkitted from_thefanalysis; our study is based on the
remaining 6300 observations of the variable to be explained,
the trade flow between a palr of countries. Together These 6300
trade flows account for about 83 percent of total world trade
in commodities, excluding trade with and within the Communlst
bloce

In order to reduce the effect of incidental transactions
of unusual sizey; and of incidental difficulties in trade contacts,
all trade flows have been taken as three=yecar averages fox L1950
1960, rather than as direct observations for 1959, On the whole,
the trade-flow values were not greatly affected by this proce=
dure,'but certain irregularities could be eliminated oxr ali least
moderated in this way.

It is an inevitable shortcoming of this approach that the
trade flows studied include only merchandise trade, There are
data on trade in services, but for a more limited number of
countries and, more essential, for the national aggregates only.
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Thus, total imports or exports of services are kaown for at
least the more important countries, but the countries of origin
or destination of the services are not given in the statisticse

It should be noted that the size of a trade flow can be .
measured either at the point of export, or at the point of
import, Apart from differences in valuation exports are usually
valued on a free-on board basis, and imports at the higher
esetsinsurance~freight prices and some other minor distortions,
these two measurements should give identical results. In
practice, the differemees bturn out to be rather substantiale
sometimes. In the empirical analysis we use two sets of trade-
flow data, one obtained from export statistics, and another
giving the data from the import statlstlcs. We mey use the
symbols Xﬁd and Xid’ respectively, To dlstlaguibh between the
trade flow figures from the two sources.

Goncerning the explanatory variables, the most difficult
and time-consuming collecting of data was that with respect to
the distance variable., Distances have been measured as the
shortest navigable distance between the main ports of the res—
pective countries, plus the overland distances from the ports
to the economic "gravity points" of the countries concerned.
Overland distances have been added directly to sea distances,
without applying any correction factor for higher overland
costs. Sea distances were calculated from S, Tuensee,
Entfernungstabellen, (3 Vols.), Hamburg, 1960/1961.

Population figures were obtained from the well-knowa United
Nations sources. Gross national product figures are those
compiled by P. Rosenstein-Rodan. in "Tntermatlonal aild for
underdeveloped countries®, Review of Economics and Statistlcs,
May 1961, We used alternatively mominal G.N.P. figures, and



(14)

real G.N.P, estimates, ‘The latter figures purport to give an
indicatigniof a coUntEy's G.NoPs when measured at American prices,
Except for Canada and Venezueia; and of course for United States “
itself, the real G,N,P. figures are higher than the nominal G.N.P.
values. T e

' Table 3.2

Groups of countries having preferential trade
relations with each other ;

1, The "British Oommonwealth of Nations! =Zroup.

02 Canada : .62 Nigeria

11 Jamaica : 63 Rhodesia

l2 Prinidad 67 Ceylon

2l British Guiana 69 India

22 United Kingdom - .70 Pakistan

3l Ireland 76 Malaya

41 Cyprus 79 Australia
52 South Africa " 80 New Zealand
58 Ghana "

2. The "French.dommunltx" =_8Toup.

e e T e PPy pintghutoptoirecila F S

27 ~France = o 60 Morocco
55 « Cameroun 64 Tunisia
56 FFr.West Africa 71 Cambodia
o7 FFr.Equat.Africa 72 Vietnan

59 Madagascar

3 cheg_pregerential groups,

3 Ae 35 Portugal 3 Be 24 Belgium
55 Angola 54 GCongo (Leop.)
6l Mozambique

Note: The countries listed as members of group 1 and group 2
are not necessarily members of these groupings from a
legal~political point of view,
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The preference variable has been given the values 1 or 2
depending on the fact whether preferences did (value 2) or did
not (value 1) existe. As the calculation is made in logarithus,
the casge of no preférences is characterized by zero (log 1=0),
Table 3.2 lists the countries included in one of the three
preferential trade areas that are distinguished.

Phe units of measurement of the variables discussed in
this section are as followsj

Xij 3 Millions of U.S. dollars
Ly Yj + Millions of U.S. dollars
Ni, Nd ¢ Millions of inhabitants
Dij ¢ Thoussnds of nautical miles
(1 nautical mile = 1,852 meters).
15 Pij 3 ng :+ take the value 2 if preferential treatment

exlsts between i and Jj; otherwise the value
is 1,

4, Statistical aspects of the empirical analysis.

As has been mentioned already, the statisbtical tech-
nigque used for testing the empirical usefulness of the trade
flow equation and for determining the numerical values of the
parameters is the ordinary least—squares regression analysis,
Applying least-squares regression to the logarithms of the
trade flow values implies that not the obsolute residuals are .
minimized, but instead the relative (say, the percentage-wise)
residuals. In view of the fact that the obsolute values of
the origiﬂal observations vary rather widely and have a very
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uneven frequency distribution-a gizat concentration in the
low-value intervals—, the necessary condition of homoscedasg-
ticity of the residuals is more likely to be fulfilled when -
working with logarithms than when applying regression analysis
to the original values in antilogs. This is, therefore, ano-
ther argument in favour of a logarithmic analysis,

In another respect, working with logarithms confronts us
with a special problem, however., For a surprisingly large :
part of our basis set Of 6300 trade flows (actually for 40 to
45 percent of the total number of observations), annual trade
is zere exr at least too low to be recorded in the statisticse
This is lllustrated in the frequency distribution shown in
table 4,1 If we would neglect these zero observations, we
would eliminate a substantial and in all respects essential
part of our sample; this is therefore absolutely unacceplbable.
But 1f we want vo include them, we face the difficulty that
teking the logarithm of zero is meathematically an vndefined
operation end thus impossibles The usual procedure in such
cases is to put an arbitrary but small positive value instead
of zero. In the present case, however, this is not an easy
matter,wfor the followlng two reasons.
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Table 4.l
Frequency distribution of the size of trade flows
between 80 countries (average of l958/l960,m11110ns
of UsS.Dollars).

Reported size of Export Import

the trade flow Sbatistics = gtatistics
Nil, i.es £ 0.1 RO 2768
. 0.1 1386 374
0.2 - < 1.0 913 954
o0 ~ L 10.0 1235 1299
10,0 =< 100.0 698 723
100.0 ~ < 1000.0 163 175
lOOGfO or greater 5 7
Total number | 6300 6300

To start with,it should be realized that the trade flow
reported zero in the statistics may in actual fact well be
different from zero, as the smallest unit of measurement in
the trade statistics concerned is § 100, 000, This means that
an annuel trade flow of, say, $ 35,000 will not be recorded
(£flows of more than $ 50,000 will be rounded 0 $ O. . 1. mallion,
the 'smallest unit).

50, we would have to assume an arbitrary figure of less
than $§ 50,000 for the trade flows reported zero, if we want to
include such flows, In a linear analysis, it would not matter
very much which figure below 0,05 million dollars we would take.
But it makes in logarithms qulte a difference whebther we put
this assumed at 0,04 million dollar, at 0.0l million, or at
0,001 million, and 80 on. The natural logarithms of these
figures (the computer works in natural logarithms) are=3,219,

-4 »605, ‘and ~6,908, respectively, which values are by no means
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“neax" to each others (Note that the' largest observation in
the set of data has a logarithm of + 8:520)3

The second difficulty resides in the fact that the
"sepo flows" congtitute such a large part of the total number
of observations. Therefore, the assumption made about the small
value to be substituted for the mero will probably affect the
finel result rather considerably. We have to be careful in
choosing the method by which we incorporate the “zero flows"
in the regression analysis.

In view of the above~-mentioned problems, the followling
procedure has been adopted. In first instance, all "zere flows®
are simply neglected and excluded from the analysis. With the
parameters estimated in this first round, we caleulate the
noxpected” or "explained" values of all trade flows, Xf. the
“exulained™ value of a zero flow turns ouu to Dbe lower than
$ 50,000 = i,e, "zero", in terms of the units of meagurement
of the trade statistics -y then apparently the esbimated scope

and level of the regression line are not in conflict with the
fact that the trade flow in question is recorded as beiug Z8I'0.
The parameter estimates would not have been different if the
nzepro flow" had been taken into consideration explicltly, in
the correlation, However, if the "explained® value of the
zero flow is bigger than $ 50,000, the estimated parameber
values are not able to account for the actual fact of 1ts
being statistically recorded as zeroj they are theresfore in
all probability biased in an "upward" direction. Consequently,
these unexplained cases may not be neglected in the analysis,
and have to be introduced by giving them some arbltrary value
lower then $ 50;000,' A second round of calculations is nece-
ssarye. This iteration process could be continued for still
further rounds, along the same lines.,
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The advantage of this procedure is that it reduces the
possible errors due to the choice of this arbitrary value below
0.05 million, because it limits the number of cages in which
such an assumed value has to be introduced. Moreover, the
assumed value eould now beuchaaanQQelativeiy close to the limiw
4ing value of $§ 50,000, as the really low values (close to zero
indsed) will have been eliminmated in the first round already,
‘In the present analysis, two different assumptions were made“
with respect to these "zero flows"™ in the second round of cal-
aulations, namely § 0,0l million and § 0.02 million, respecti-
vely. In this second round, the number of observations included
was incr@ased to 4,831, as compared with 6300-2900 = 3,400 and
6300 = 2768 = 3,532 in the first round of calculations (for
the latter two figures, see Table 4.1).

The information that we sought to obtain through the
regression analysis comprised the following numerical magnitudess:
(i) zn estimate of the parameters of the trade flow equation

(¥% t¢5?§> J
(ii) the standard errors of the parameber estimates;
(iil) the coefficient of determination (33) and the regression

coefficient (R)

(iv) the variance and standard deviation of the residualsy

(v) the parameter estimates when all variables are measured
in temms of thelr standard deviations. These so—called
beta coefficients indicabte the relative impoxrtance of the
individual explanatory variables in explaining the variaw—
tions in the dependent variable, the trade flowsy :

(vi) the "explained. values of the trade flowsj

(vii) the deviations bebween observed and "explained” trade
flow values, both in absolubte terms and percentage wise.
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To

"The above results were obbtalnsd for a fzirly large

number of different casese Let us list these cases with a short
description of their chavact ristics,

(1) 3

E

(2) X
(3) ¥
() )CM

(5)=(8)

explained by the elgab '3?1?0193 introduced hefors,

N & ™
Ga NoP, in nominal texrms (K‘ and. Yg )3 numbsr 0f obser-
Jatlons 3,400 3 e
explalned by ditto, bub GoN.P, in n»sel terms (YR and YR);
number of observations 3,4003" : L J
explained by ditteo,with ¥ ; number of observaticns
3@5523 Z
explained by ditto, witk YR; number of obgerveaticas
53#5“”8 :
the same ag cases (L)=(4), exceapt that thoze obaenva=

tione where X and X differed very couziderebly (one

! {

F

Wels e ,: (ST 9@

more then twice the value of the othem)
Ly wnd dnacsuracys

bacause Of thelir appearaent warelisbil
number of observations 2,740;

(9)~(16) the same ag cases (Ll)=L8), bus with = wrestzicticoa

round of calculations. On the basis of the results, pans of
the “zero-flows", so far excluded, were incorporaebel in th

St
R B SRR T (R
LODESGAD L?Jm.ﬁﬁ

o

n the estlmated paramebersi on a pod

iv wight be asgumed that —undesi certaln condliblonsg-— |
The G ha«a and the population parazetars should 2save

the same value &b ths expsrt side and at. tha Lapoxrt
side of the txrade flow equation, i.es -’rzﬁ?'and

}Va“ ?ﬁ; (this restriction would correspond wi tn.lﬁ'iam

terally balanced trade, in sconomic Lermiaclozr). In

these cages we apply so-walled condlbtlonal megmessiorx
A (1 G

analysisg rumber of observationss Ghe same ag in the
original cases (1)=(8):

These first sdxteen casss togetlher form the Tirst
>

0]
oo a
-

’P
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analysis. For the '"zero" 3 observations, .anarbitrary value

of 0,0l million dollars was assumed; Lfor the "zero" XN observa-

tions, this value was set at 0,02 million dollars. The second

round thus consisted of the follow1ng casess

(17)=-(20) the same as (1)-(4) above, but including now. the
selécted "zero flows'"; number of observatlons 4,832;

(21)~(24) the same as cases (17)=(20), butz%Le a priori condition
that ¢/, =¢@/; and f,= ¢/, number of observations
again 4,832,

Finally, it should be noted that the same analysis was
applled to the trade of individual countries. For each exporting
country individually, the parameters ﬁ95 to ,ﬂa may be estimated
(although at least two of the three preferential-trade parameters
will have to be zero, as a country can belong to one preferential
trade area only), The parameters £/, and ﬁﬂa cannot be esti-
mated, obviously, as the corresponding variables always refer
to the same country and therefore do not take different values.
Similarly, six parameters can be estimated for importing coun-
tries individually (not ¢33 and ¢, in this case). For indivi-
dual exporting countries, these country-by-country estimates
were made in cases (1), (3) and (4); for individual importing
countries, a country-by-country snalysis was made for cases (17)-
(20), We may denote these cases by (14), (34A), etc.

The treatment of preferential ltrade relations differed
somewhat in the second round of calculations, as compared with
the original setup. PB still refers to British Commonwealth
trade, but it excludes now the trade with the United Kingdom
itself and it comprises only the preferential relations between
all non-U. K. Commonwealth partners, Similarly, PF refers to
the French Community trade except tho trade with France itselfl.
PC covers, in its new meaning, only the trade flows from and
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o the "metropolitvan country' of the preferential grouping of
nations, F¢ thus refers to, for example, UsK,~Ghans, India-
UsKoe s France-Morocco, Madagascar-France, Congo (Leop)-Belgium,
PortugaleAngola, etce It does 1ot refer o Ghana=In ndia (which
is P ) or to Morocco~Madagaspa“ (wpich is PF). The reasen for
this change is that the trade-fostering effects of preferential
trade areas are much more pronounced in the relations with the
(colonial) “mother country" thanm in the relations between the
junior members of the ex—coleonial trading areas, This can be
seen very clearly from the results of The amalyéis given belows.

5. The computatbional set-up of the analysise

The multiple regression analysis described in the prece-
ding sections has been performed on ‘the IBM 1620 electronic
computer, of the Operations Resaanch Ceclter of the Instltute
of National Planning, Cairo, The coumpuber programmes were
formulated in FORTRAN 2, and are lisbted in The appendix. In
the present section we will give a hrief survey of the various
steps involved in the correlatblen analysis,

The first step to be btaken wam, chviously, o put the setl
of basic data on punch cards, All vaxiables with a doutle sub-
script (iJ) are gpecific variablew Leee W& have 6,300 different

observations. They had to be punched thenefors in an equally
large number of cards. The vaxi hles with one.subscript only
(whether i or j) take only 80 different vaiues; they could be
punched separately in a set of 80 cards only, and might be,
called general variables, The fixst computer programme was a
simple one, namely to transform these sets of data from anti-
logs into logarithms. As was remarked already, these are na-
tural or Napierian lagarithmsg with e a8 hase.
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As ig usually done in a multiple regression snalysis-

particularly when 1%t is a large-size compubabilon, as in the
present case- the required product-guns of ths variables are not

caleunliated directly in terms of the deviabtions of the variables
from thelr mean value. Instead, the producti sums of the abhsolubte

values were calculated first, aund these aums were sorrveched
afterwards for not having meagured thre variables as deviations
from the mean. This well~knowr pirocedure ilmplies that the pro=
duct sums of absolute values bave T3 be reduced by ths producth
of the means ¢f the variables consernsed mulitiplied by the numbexr
of observations. The second compubter programms thus calculated
the sums (as the basls for the means) of the varlables, and the
third programme computed the product suns for the absolubte values
and-affior aubbractlag the resulbt Of ths sescnd programme-ths
Product sums Ffor the deviations from the means,

A Bounth compubern programee was desigued for investhi ng the

matrlx off product sumse lelowixg Hae Lavansion, bthe same prow
ramme caleonlated the regressicr cowsfficlenting the coefficlent
]

of determinsatiioc and the VA"ABu,w of e wealdusls (In loge) as
well a8 Lhelr square moots, Yle stacdand soroes of the regresslon
coefflciants, and the haﬁm.uO#dEiwhemth Bemause of the condle
tional regﬂﬁﬁ&iou o be appiled, the pxﬁgwamm& WL frumni‘&ﬁad n
guch & wey/ Hoth 5 9x9 matnlx (toe normal oase) aud a 7x7 matoix
(the conditlonal case) cowld bte lavenbad and furshen Proveasad.

Programma numher 5 compuies the Y"explalned values® ln terus
of logarihmma, Wy applyiug the regresslon coefficients obhalned
lo. the previous phase to the basle data for the explanatory
variables, It was explained in the previous section that the
analysis covered by the fimxst four computer programmes has beon.
made for s number of cases, In the firat round of calculaticn.,
16 cases were computed, and therefore 16 sebs of regression
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coefficientis were obtalned. From these 16 sels , seven sets
were selected as data for Ehe fifth computer programme, This

rogramme gave us therefore seven different ”explained"values“,
still expressed in terms of natural logarithms,.

The sixth and final programme tr%ngformed the "explained

values” from logs into antllugs, The antilogs were compared
with the Orlglnal datagand the posmtlve or negative residuals

or deviations in normal values were fixed., In twe cases (out

of the six or seven computedj also the peicemtageuwise deviations
were determined, by dividing the deviation through the original
observation, The deviations were also qumméd, both over the
exporting and over the importing country conu@rned, and divided
by the total exports and total imports, IeﬁpectLuajyg Lo ordex
to determine the relative size of the sum of the QGVLatiﬂnSo
The sxport and import totals were obhained in this prggxamme as
wello

e

7o _Concluding remarks,

Ths reader who ‘has gone thrgugh,tha preceding sections
will realize that in many respects more could have been said about
the subject matter than what is actually dons in this text. The
present memo only mentions the basic setup of the analygis; and
it reports the main results without much comnent, A more comn-
prehensive and elaborate discussion will he given in a forth-
coming publication, as scon as all compubations ane £ Lshed,

This document is essenbtially avn interim report on the prugress-oﬁ

the work, and not a final report, The following remarks similarly
are of a rough and tentative characters they may have to be modi-—

fied later on in the light of the final results. '°

Our first remark is that all explanatory wvariables

introduced in the analysis have shown themgelves to ba statistically
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significant. factorcs. There can be no doubt that all of them con-
tribute to a statistical explanation of world trade flows, Yet

the total "explanétion" is far from perfect. Quite often, in-
dividual trade flows reveal discrepancies between explained and
actual trade which imply a proportionality factor of 2 to 4. Thus
there is still much scope for 1mprovem9nt. In particular, the
nommodlty composmtlon of total foreign trade of the exporting and the
importing country will be introduced in further studies as an ex=-
planatory variable,

Second, the parameter estimates obtained in the second Toun
of calculations—cases (17) to (24) - differ rather significantly
from those obtained in the first round. A frequency distribution
of the relative deviations of explained from actual trade £lows in
the two cases reveals that for smaller trade flows the second-round
parameters lead to the best explanation, whereas the bigger trade
Tlows are betber explained when using the parameters of the firet
round. This suggests that the re1a+ionship is not logarithmic-
linear, [The non-linear relation may be aﬁrcx”matpd by two linear
relationships; the "breakeven p01nt" (the point at which the two
sets of parameters give about equally wgond results) corresponds
with a trade flow size of $ 1.0 million., Trade flows smaller then
$ 1.0 million are explained by the second-round relationships flows
of $ 1,0 million or more follow more closely the pattern implied by
the first-round parameters.

Third, we observe that in all cases the explanatory
variable "real G.N.P." leads to a somewhat bether result (l.ce &
somewhat higher correlation coefficient) than "nominal G,N.P,", butb
the difference is very small indeed. The results also show thab
there is some intercorrelation between the G.N.P. variable and the
population size; this is, of course, not very surprising. This
intercorrelation makes the estimates of 1 and 2 on the one hand
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and of 5 and 2y On the other, less reliable, ?he treatment of
preferential brade relations is more satisfactory in vhe second
round than in the first cnme, as can i.a. be seen from the standard
“errcrs of the estimated parameters. This can be verified also
form the results of the country- -by-counbry parameter, estimates but
2t the time of writing these results were notb yet avavilable.

Fourth, it is inbteresting to see what results are ob=
tained when the individusl trade flows are summetl for either the
exportiﬁg or the importing country. Comparing actual and explainred
trade after summation, we f£ind that the relative deviations are
now much smallerrﬂas positive and negative deviations may partly
offset each other). When we make this summation for cases (1) and
(4) = two cases which we have “ﬂ&d most frequently for more detailed
analysia -, we find that explained total trade dlffers in both cases
(1) and {(4) less than 10 psr cent from total actual trade for the
fellowing seven counbtriess Portugal, Switzerland, Cyprus, the United
Arab Republic, Bthiopia, Israsl, and Libya (according to the £irsh=
round caleulations). For the U.AoR., the deviations are only 7.5
per cent and 3.6 per cent, respectively. Thﬁﬂg the U.A.R. fits
into the genpﬁal ﬁerAJ4@é pattern quite well. Some countries
viations, both at the export and atv
the import side for all casess France, Iceland, Spain, BEthiopia
(for the latber counbry, the negative deviations are very small
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oaly)e This means that their trade with other countries is ob-
viously less than usval. Ohiter countries have a normal impor®
situation, but a (steengly) negative export deviation; in this

group we find the countries heavily dependent on foreign agsistancze
(Jordan, South Korea), or having an abnormally high share of services
exports (Greece), These and similam results can easily be interpreted
as to their economic meand

s
180
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Fifth, let us see what the detailed results for the
U.A.R. are. As suggested above, we will use the first-round
parameters for explaining the larger trade flows, and the second--
round parameters for the small values ($ 0.9 million or less).
The explained values are compared with the actual ones; the actual
figures of the export statistics are compared with the explained
values obtained by using nominal G.N.,P. figures, whereas the im-
port statistics data are compared with an explanation using real
GeNo.P. figures. The comparison is made in Tabel. .The figures
Speak for themselves, but a few general comments may be given. The
sxports to North America are smaller than expected; in the rcase of
vhe United States this may be attributable to the commodity com-
position of Egypt's exports (predominantly cotton) — hence the
need, to incorporate the commodity composition in a future refine-
ment of the ahalysis, The U.,A.R. exports to neighbouring Arab
states are greatly underestimatéd, particularly in the case of the
southern neighbour, Sudan, Either the measurement of the distance
0 these countries has been unsatisfactory, or else the effect. of
he special ties between the Arab countries is stronger than
originally was assumed, Remarkably are also the substantial
positive deviations in the trade flows 0 a number of non-aligned.
countries with which the U,A.R. closely cooperates in matters of
international politics: Yugoslévia,‘Ceylon, India Indonesia. In
the case of Japan, however, it will be the commodity composition
of each other's foreign trade which leads to the large positive
residuale.

We limited ourselves in the above discussion to the ex-
ports of the U,A.R, A similar table could be given far the Egyptian
imports, and both for exports and imports the results of other cases
would be mentioned., All this information is available for each of
the 80 countries included in the analysise. Obviously a full dis-
cussion of all individual results is hardly possible; in the
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present memo we-have,cgncentratedrpthhe meyhod-of computatioh :
rather than on the specific results. - A.more thorough discussion,
both: of the techniques of analysis end of the résults'obtained,
will be presented in a forthrcoming teiﬁ,of‘bigger size than. khe

the present memorandum,
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Table

Actuél and explained trade flows from the United Arab Republic
to oﬁher countries, average for 1958-1960, in millions UWS0 $

g data from data from.,
“Country of export statistics import statistics
+destination actual explained actual explained

01 United States 23,9 46,
02 (Candda

03 (Costa Rica

04 CQuba

05 Dominican Rep.

06 El Salvador
07 Guatemala
08 Honduras

09 Mexico

10 Nicaragua
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1l Jamaica
1l2 Trinidad
13 Argentina
14 Brazil

15 GChile

16 Colombia
17 Paraguay
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19 Uruguay
20 Venezuela
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21 British Guiana
22 United Kingdom
2% Austria
24 Belgium & Tuxe
25 ﬁenmark

26 Tinland

27 PFrance

28 Germany, Fed. Repe
29 Greece

30 1celand

Sl ireland

32 TItaly

%3 Netherlands
54 Norway

35 . Portugal

36 Spain |
g Sweden
Switzerland
9 Turk e{
40 Yugos avia
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Table .{?fr(gontinqed)

N

?l

.76

Rhodesiz & Nyasal,.
Tunisia ¢ 9y
Afghanistan

- Burma
.Ceylon

Taiwan
India
Pakistan

Cambodia
South Viebnan

Indonasia

Japan :
Korea, Rep. of

Malaya, Fed. of .
Philippines
Thailand.
Australisa

New Zealand
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Country of @ ' “export statistics = import statistics
destination - .. actual  explained actual explained

41 Cyprus B JovLs .8 0.2 ;2
44 Tebanon 2o SRR AR B0 oLk 842 sk
45 ' Bthiopia TR e o2 0.2 - )
46 Tran 0.2 o2 25050 2
47 Traqg Qe Ak 0,5 Ak
48_ Jordan 301 u8 204 06
50 . ILibya 2e2 ) 1.6 2
51 Sudan 1505 +0 1207 8
52 South Africa 1 .0 Le2 ol
55 -A-ng@]f“i . i O ) O OO Ooo .O
54, Congo (Léop.) 0.0 ol 0.0 ol
55 . Qameroun 0.0 o0 0.0 .0
56  For¢FfoWes% Africa. o » Q. .
57 For.Fr.Equat.Africa . . O, o
58 : Gh&l’la o 3 e o O [] o
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