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Introduction

As part of ITC’s mandate to promote trade in developing countries and economies in transition, ITC

has developed a variety of tools for strategic market research aimed at helping trade support

institutions and the business sector in partner countries to identify new markets and assess competitive

strengths and weaknesses.

These tools include the TradeMap programme, which renders national trade performance more

transparent and identifies market diversification opportunities on the basis of product-specific

international trade statistics.  ITC’s recently developed Trade Performance Index (TPI), which sheds

light on the competitiveness profile of 178 countries in 14 different product sectors.  This index is

based on international trade statistics and results are presented in the form of rankings in a similar way

to the UNDP’s Human Development Index. For partner institutions which prefer to work directly with

primary data, ITC produces jointly with the United Nations Statistics Division PC-TAS, which

represents the world’s largest trade database on CD-ROM.  All of these three tools are based on

international trade statistics.  They derive indicators on future trade potential on the basis of past

performance.  This approach is useful for a number of product-specific applications for countries

which have fairly diversified trade relations.  It is, however, of limited use for assessing trade

potential between countries that have traded little so far.

It is against this background, that ITC has developed TradeSim, an econometric model with the

specific objective of estimating bilateral trade potential of developing and transition economies with

any of their partner countries. Underpinning ITC’s model is the theoretical foundations and empirical

robustness of gravity models for the analysis of international trade.  Although several gravity models

are maintained by other institutions, none of them corresponds to the specific needs of ITC’s partner

countries, namely a model designed for developing and transition economies and that differentiates by

major industrial sector.

The present paper is divided into four sections.  The first section looks into the features, strengths and

limitations of gravity models, in general.  The second section provides the specifications of ITC’s

model.  The third section describes the simulation outputs and how they can be used. A 4th section

examines in depth the output for Senegal, chosen as an illustration.  Whereas the first two sections are

written for a technical audience, the last two sections summarise the outputs and applications of

simulations for non-technical users. Appendices provide the technical material to the interested

reader.
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1. General features of gravity-type models

An important issue for trade promotion policies is that international trade is increasingly structured

along natural trading regions and/or natural bilateral trade patterns.

It is important to tackle this issue at a rather aggregated level. While trade potential is the result of

matched export capacities and import demands at the microeconomic level, on a more aggregated

level of analysis, proximity in demand, in per capita income, in space, and in culture, are key

macroeconomic determinants of export potentials. In total, trade flows are following the physical

principles of gravity and two opposite forces determine the volume of bilateral trade between

countries: the level of their economic activity and income, and the extent of impediments to trade. The

latter include in particular transportation costs, trade policies, uncertainty, cultural differences, limited

overlap in consumer preference schemes, various bottlenecks etc. National borders are among these

impediments, even for industrialised countries. Intra-Canadian trade is much higher than US-

Canadian trade (McCallum, 1995). In total, various combinations of macro-economic variables, such

as gross domestic products and populations with geographic distance, are powerful predictors of trade

potentials. Hence, gravity equations have extensively been used in the empirical literature on

international trade. (Havrylyshin and Pritchett, 1991; Frankel and Wei, 1993; Bayoumi and

Eichengreen, 1995). The related econometric models can also be used to predict trade patterns at the

industry level (Bergstrand, 1989). In this case, the elasticities vary across industries for a given

macro-economic variable; and these elasticities are those which help to predict future paths of

specialisation.

1.1. A traditional tool recently updated

Initially, gravity models were developed on a mostly empirical basis, with researchers emphasising

that country size and transportation costs between countries were good predictors of trade volumes1.

And results were indeed positive, since such equations fit the data quite well. However, the lack of

theoretical foundations rapidly led scholars to scepticism, and Anderson (1979), Helpman and

Krugman (1985) and Bergstrand (1989) provided the missing theoretical basis. While Bergstrand built

a general equilibrium model of world trade from which reduced equations may be derived, Helpman

and Krugman showed that the combination of comparative advantages and monopolistic competition

provided a coherent conceptual framework for empirical analysis.

                                               
1 According to Hummels (1998), the leading determinant of bilateral trade is trade costs, defined as the
combination of tariffs and distance. As trade barriers affect the sectoral prices and production or consumption
patterns, using GDP-related variables in import equations will lead to biased results. Hence, simple indicators of
exporter and importer (the so-called specific effects) may tentatively replace all macro-economic variables and
sectoral variables. In this case, bilateral imports at the industry level can be considered as a function of the trade
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 On this basis, a large number of studies were undertaken. Within this mushrooming literature, gravity

equations share a common design that can be customised for different purposes:

• First, a gravity equation is bilateral. It explains a trade-related dependent variable, by the

combination of macroeconomic variables (size, income, exchange rates, prices etc.) for both

countries. Indicators of transportation costs between the two countries and more generally

market access variables are added.

• Second a gravity equation may be used in order to estimate either determinants of the

volume or determinants of the nature of trade flows. In the latter case, the purpose is to use an

index of intra-industry trade as dependent variable2.

• Third, theory definitively provides strong foundations to a modelling based on rough

indicators, which is quite useful when the purpose is to integrate a large number of countries

in the sample or when the statistical background for (developing) countries is limited.

• Fourth, there is inevitably a discrepancy between the theoretical model and the « ideal »

equation that would fit the data well. Border trade, seasonal trade, trade preferences or

regional integration may be controlled for with specific effects by pair of country; such a

solution however jeopardises any attempt to use the model for forecasting purposes3. This

justifies the introduction of cultural, historical or institutional determinants in equations

designed for an applied purpose.

• Lastly, given the type of variables under consideration, gravity-type econometric models

are estimated using rather aggregated data. Numerous studies run equations on total exports.

Studies considering more specifically developing countries disentangle at least food and

manufactures.  Bergstrand (1989) uses the single-digit level of SITC (9 industries) for 16

OECD countries. Using cross-sectional data, this leads to 240 observations per industry. In

this case, in contrast to Box 1, we can no longer use the economic distance (the difference in

income per capita) as an indicator of the intensity of comparative advantages: it is the

direction of the comparative advantage we are interested in. Hence, exporters’ and importers’

incomes per capita must be introduced separately as independent variables. The sign of the

respective parameter estimates will change according to industries. In a forthcoming paper,

                                                                                                                                                 
costs alone.
2 While income per capita is a good indicator of demand and trade volumes, differences in per capita incomes
reflect differences in factor proportions: rich countries are generally relatively well endowed in physical and
human capital, in contrast to developing countries. Hence, large differences in per capita income will be
associated with a lower share of intra-industry trade in bilateral trade.
3 This is the solution suggested by Hummels and Levinsohn (1995). In contrast, Fontagné, Freudenberg and
Pajot (1999) highlight the difficulty in applying these models to simulation purposes.
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DIW (Deutsches Institut für Wirtschaftsforschung, German Institute for Economic Research)

will classify industries in 3 different ways: i) by sector4, ii) by determinants of

competitiveness5, iii) by labour qualification6.

BO X 1: country size  and trade  patte rns

In orde r to illustrate  th e  logic be h ind gravity m ode ls, le t us tak e  a sim ple  e xam ple  addre s s ing th e  issue  of « country

size  », w h ich  is ce ntral in th e  so-calle d “Ne w  Inte rnational Trade  Th e ory”.

Th e  intuition is th e  follow ing: cons ide r tw o countrie s. W h ile  th e  product of th e ir GD Ps is a good pre dictor of th e

inte ns ity of th e ir bilate ral trade , th e  diffe re nce  in th e ir GD Ps  m ay be  inte rpre te d as a proxy for diffe re nce s in h om e

m ark e t size s .

H e nce , using a m onopolistic com pe tition fram e w ork , w e  can build on th e  re lations h ip be tw e e n country size  and th e

varie ty produce d by countrie s 7: a large  country offe rs  m ore  varie ty. Since  all varie tie s  of a give n product are

consum e d in e ach  country, th e  large r country w ill be  a ne t e xporte r of diffe re ntiate d products . And th e  large r th e

diffe re nce  in country s ize s, th e  large r th e  trade  im balance  for diffe re ntiate d products, and th e  sm alle r th e  s h are s  of

intra-industry trade  in bilate ral trade .

In addition, if th e  size  m atte rs , large r countrie s  w ill be  th e  m ore  advantage d in activitie s  ch aracte ris e d by incre asing

re turns –ce te ris paribus. In total, a diffe re nce  in GD Ps  m ay le ad to de e pe r spe cialisation of th e  corre s ponding

countrie s, inducing a large r s h are  of inte r-industry trade  in bilate ral trade .

R e fe re nce s : Th e ory in H e lpm an and Krugm an (19 85); proof in H um m e ls  and Le vinsoh n (19 9 5) on O ECD  data; and

in Fontagné , Fre ude nbe rg and Pé ridy (19 9 9 ) on EU12 data.

                                               
 4 Agriculture, mining and manufactures.
 5 Resource intensive, labour intensive, differentiated, scale intensive and technology intensive.
 6 High/low wages.
 7 This is exactly what dynamic export equations embodying differences in the growth of domestic and
competitors manufactured output do: a manufactured output growing at a higher pace mirrors a larger share of
world varieties being produced by the domestic economy, and hence an improved non-price related
competitiveness.
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1.2. The design of gravity models

The most common design is the following:

[ 1] X Y Y L L D P eij i j i j ij ij
uij= α α α α α α α

0
51 2 3 4 6

With:
Xij the total exports from i to j
Yi, Yj the countries' incomes
Li, Lj the countries' population
Dij the geographical distance between i and j
Pij a preferential trade scheme dummy
uij the normal random error term

Such an equation can be alternatively written (Sanso et al. 1993):

[ 2]
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It is generally estimated in a log-linear form such as [ 4]. Such a specification provides elasticities of

bilateral trade to income, country size and distance.
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Models generally use nominal incomes at current exchange rates. However, this may introduce a bias

when developing countries or countries in transition are integrated in the sample. Using PPPs will

give slightly different trade potentials for such countries. It is sometimes argued that PPPs would be

much more appropriate to estimate trade potentials in the long run, an horizon in which all exchange

rate adjustments towards equilibrium have taken place. In contrast, current income would be more

appropriate to analyse short-term trade potentials. However, in our model, estimating trade equations

using PPPs variables leads to unreliable and highly sensitive elasticities. Hence, the alternative

solution adopted here is to estimate elasticities with current exchange rates, but using a sub-sample of

developing countries trading will all their partners, developing or industrialised.
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BO X 2: Alte rnative spe cifications of th e  basic gravity e q uation

An illustration of th e  re lationsh ip be tw e e n e q uations 1 to 3 is give n in th e  table  be low , ne gle cting th e  pre fe re ntial

trade  dum m y variable . Th is is e s tim ate d for 53 de ve loping countrie s  facing 75 partne rs in 19 9 5-9 6. W e  conside r total

trade  e xcluding m ine rals. Th e  m ode l is  e s tim ate d in a log-line ar form  as in [ 4], providing e lasticity of bilate ral trade

to incom e , country s ize  and distance . A 1%  incre ase  in th e  size  of th e  e xporting country le ads to a 1.3%  in its

e xports , w h e re as a 1%  incre ase  in th e  size  of th e  de s tination m ark e t le ads  to a 1%  incre as e  in e xports . A 10%

incre ase  in GD P pe r capita in th e  e xporting country le ads to a 1.2%  incre as e  in it e xports.

Param e te r St e rror
inte rce pt -14.381 0.512
GNPi 1.329 0.022
GNPj 1.065 0.021
GNP/PO Pj 0.127 0.031
GNP/PO Pi 0.224 0.028
D istij -1.439 0.042
Adj R2 0.69 9
n 39 21

Trade theorists have validated these specifications, ex post. But the only reduced form to be based on

a complete model embedding imperfect competition and traditional theories is equation [ 5] in

Bergstrand (1989).

[ 5] X y y Y Y D P E PR PR eij i j i j ij ij ij i j
uij= α α α α α α α α α α

0
51 2 3 4 6

7
8

9

In the latter equation, in accordance with the theoretical model, national incomes are taken as proxies

for outputs, incomes per capita as proxies for factor endowments, Dij as a proxy for transportation

costs, while Pij is a dummy for preferential tariff rates.

Since PRi and PRj are price indexes and Eij is the bilateral nominal exchange rate index, the

combination of these variables account for price competitiveness at the aggregated level.

Interestingly, the same equation can be estimated at the industry level (adding an industry subscript, k,

to Xij, PRi and PRj): Bergstrand uses a breakdown of total trade into the 9 sections of the SITC. In

accordance with his theoretical framework, it would be necessary to introduce price indexes for each

SITC section and for each country. Since such data sets were not available to the author, he used

wholesale price indexes. The results are nevertheless interesting since parameter estimates vary

according to industries (in magnitude but also in direction). Alternatively a pooling of industries could

introduce specific effects on industries. The preference margin itself could be tabulated at the industry

level (Fontagné and Péridy, 1995), and not using a dummy as in Bergstrand.
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1.3. Applications and shortcomings of gravity models:

Gravity equations are one of the most popular tools in empirical studies addressing issues in

international trade. Four categories of applications can be mentioned: estimating the cost of the

border, explaining trade patterns, identifying effects related to regionalism and lastly tabulating trade

potentials.

Cost of the border

If the presence of a common border facilitates bilateral trade between nations i and j, the same border

is also an hindrance to trade. Hence, ceteris paribus, trade between regions of i should be more

developed than trade between regions of i and regions j. This is the so called "border effect". Using

data for inter-provincial trade, McCallum (1995) has shown that trade between Canadian provinces is

20 times larger than between these provinces and the United States. Wei (1996) relaxes the need for

internal trade data. Country’s trade with itself is simply the difference between its output and its

aggregate exports to other nations. Using this type of definition, the border effect is 3 to 10 for OECD

countries, according to specifications. In total, estimating an equation in which the imports of country

from country j are divided by imports of country i (including internal imports) may identify the

implicit protectionism of countries. Head and Mayer (1998) calculate such relative imports. The latter

are explained using a gravity type equation disaggregated by industry. The border effect internal to

the EU is 12 to 20 according to specifications. Crossing a border is equivalent to four times the

average distance between national markets in the sample. To put it differently the average ad-valorem

equivalent tariff of the borders in the single market is 37%.

Explaining trade patterns

Trade patterns have also been investigated using gravity-type equations. The trade overlap (i.e. two-

way trade within industries) is examined in Bergstrand (1989) and Hummels and Levinsohn (1995):

they tabulate bilateral indexes of intra-industry trade at the industry level. These indexes are then

aggregated and their weighted average is explained using a gravity equation. Trade types, an

alternative method used to disentangle trade in intra-industry versus inter-industry flows, are

explained in Fontagné, Freudenberg and Péridy (1998). They calculate trade types at the 8-digit

product level and aggregate the results at the industry level. These trade types are explained using

equations integrating gravity-related variables. However, the three papers consider trade shares rather

than trade volumes, which departs slightly from the bulk of work on gravity equations.

Trade creation versus trade diversion

Gravity equations have also been extensively used to address the issue of regionalism. Consider that
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our two countries i and j sign a regional agreement. Introduce two dummies: «both in» (i and j in the

agreement) and «in out» (otherwise). If the parameter estimate for «both in» is positive and significant

there is trade creation due to regionalism. In contrast, if the parameter estimate for «in out» is negative

and significant, there is trade diversion. This exercise can be done in order to simulate trade potentials

corresponding to any regional integration scheme between any grouping of countries.

Calculation of trade potentials

Lastly, the tabulation of trade potentials is certainly the line of research that has been studied the most

extensively by economists. This methodology has been in particular used extensively for Central and

Eastern European Countries, (Wang and Winters, 1991;  Havrylyshyn and Pritchett, 1991; Baldwin,

1993; Gros and Gonciarz, 1995; Schumacher, 1995 and 1997; Festoc, 1996).

The first step consists of selecting the sample of countries between which trade is supposed to have

reached its potential. Bilateral trade flows are considered between these countries, in a symmetric

manner.8 A gravity equation explaining bilateral exports within the sample is then estimated. This

equation is used in simulation to obtain natural bilateral trade between any pair of countries, given

that distance, GDPs and population are systematically available. Such simulated bilateral exports are

compared with observed ones in order to infer bilateral export potentials. Such a methodology can be

applied either at the aggregated or industry level, but has not yet been extensively implemented on an

industry basis.

However, numerous difficulties appear systematically using such a methodology9.

First, problems of multicolinearity are often faced. It is difficult to know whether existing studies do

systematically tackle this issue since relevant statistical tests are generally not reported. However,

when tackling this problem, authors generally use specific versions of the equation. For instance the

Balassa-Bauwens transformation [ 6] has been extensively used (for example, see Fontagné,

Freudenberg and Pajot, 1999).

[ 6]

( ) ( )[ ]
DIFFY

w w w w

w
Y

Y Y

ij

i

i j

= +
+ − −

≡
+

1
1 1

2
log log

log

                                               
8 It is however technically possible to consider mirror statistics only for some non-reporting countries.
9 The WIFO institute, in Austria, has conducted pioneering studies in this field (Egger, 1999; Breuss et Egger,
1997).
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A related issue is how to introduce explanatory variables associated with income:

• individually, such as referred to above;

• transformed as in [ 6];

• in difference [ 7];

• as a ratio;

• as Hummels and Levinsohn do in [ 8];

• or in a multiplicative form (Bayoumi and Eichengreen 1995- Frankel and Wei,

1993). The latter solution must be chosen when bilateral trade is considered (X+M)

since the share of bilateral trade in world trade is simply the product of the share of

both countries in world trade or in world output (notwithstanding hindrances such as

distance) [ 9].

[ 7] DIFFy y yij i j= −

[ 8] ( ) ( )α α3 3min log ,log ' max log ,logy y y yi j i j+

[ 9] ( ) ( ) ( )X X y y YY D P eij ji i j i j ij ij
uij+ = α

α α α α
0

1 3
5 6

The multiplicative form is finally nothing else than the estimate of the ratio of effective to potential

bilateral trade. This feature is illustrated by equation [ 10]. If Yi is changed into Ti. and Yj into Tj.,

with the point used as the additive operator, then [ 11] can indifferently be estimated as in [ 12], after

adding a scale, here the world trade. The dependent variable in [ 12] can be written as the ratio of the

observed share of bilateral trade in world trade to the potential share. Hence, frictions such as

transaction cost can explain any deviation from this ratio. (Freudenberg et al., 1998).

[ 10]
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A third issue is whether the model has to be estimated in first differences in order to drop out

measurement problems associated with distance, which differs from shipping costs (Bayoumi and

Eichengreen 1995). The distance may however successfully be replaced by a weighted relative

distance (using shares of partners in world trade or in output). Of course, these relative distances may

vary over time.

Another issue is whether models have to be estimated using cross section or panel data. Matyas

(1997, 1998) and Egger (1999) advocate that estimators are biased if one does not use panel estimates.

Examining the integration of Eastern European countries to the international market, Fontagné,

Freudenberg and Pajot (1999) demonstrate that potentials are under-estimated if one uses a cross-

section for the final period, whereas a cross section for the initial period leads to a symmetric bias.

However, this bias is not dramatic, even in extreme cases. In addition it is often difficult to collect

data for a stable panel of developing countries and industries over a long period of time.

Lastly, they are non-linearities in the relationship, disqualifying any attempt to transpose elasticities

obtained for developed countries to developing ones. This justifies the specific methodology used by

ITC as referred to in the next sections. Accordingly, this methodology departs from the principle of

estimating natural trade on a selection of a sample of countries between which trade is supposed to

have reached its potential. Precisely, the related elasticities cannot be transposed. Hence, the sample

includes developing countries trading with developing and developed countries, and the potential is

not the difference between observed and simulated trade, as Equation [16] will highlight.
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2. Design of TradeSim

 The main purpose of using a gravity model at the Market Analysis Section (MAS) is to extend ITC’s

expertise in the following fields: bilateral trade potentials, regional (South-South) integration and

dynamics of comparative advantages. An additional connection could be the simulation of changes in

the environment of exporters, such as trade preferences and more generally trade negotiations, for

specific sectors. At this stage, the latter is only an optional issue, since numerous studies – not to be

replicated – are being undertaken elsewhere using alternative methodologies (WTO, World Bank and

UNCTAD). It is also worth mentioning that the simulation of changes in the environment of exporters

justifies to put emphasis on rather ignored topics such as transaction costs, security costs and cultural

dimensions.

2.1. Purpose and general features

 The constraint is to implement a simple tool that may be implemented in a systematic manner in order

to scan international data. In doing this, a great concern has been i) to innovate rather than duplicate

and ii) to build a tool matching the specificity of countries ITC that is interested in.

 The basic set of equations in TRADESIM is the following:

• South-world model: a set of 53 exporting countries (the “South”) has been selected to build

this model (see Table 1). The selected countries are not member of the OECD (as of 31

December 1996), have not been affected by recent political instability, produce reliable data,

are not of too small size (total exports excluding minerals are superior to US$ 0.5 billion) and

their re-exports are not significant. The set of 75 importing countries (the “world”) includes

these 53 countries in addition to the 21 OECD countries and Hong Kong. Hong Kong has been

excluded from the sample of exporting countries due to the size of its re-exports. However, it

has been included in the set of importing countries.

• South-South model: for the exporting countries, the same sample is used. For the importing

countries, OECD countries have been excluded.

• OECD-OECD model: estimated on the OECD countries sub-sample of reporting countries.

The corresponding elasticities are used in the reverse market share analysis (see  below).

The 1995-96 average is considered for all figures. Hence one uses cross-sectional estimates as a basis

for simulation.

 Trade is considered fuels and minerals excluded, but mono-exporters are not dropped out, provided
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that their trade is not too small having excluded fuels and minerals.

 Bilateral export and import equations are estimated for trade as a whole and by industry clusters.

 In total, TradeSim can be used for simulating:

• Bilateral trade potentials: As referred to previously the principle is to estimate an equation

on a sample of countries and then use this equation for simulation purposes in order to derive

theoretical (or natural) levels of trade. The comparison of simulations with observed flows

enables to identify untapped trade potentials, provided that these potentials are not directly

tabulated as the difference of observed and simulated flows.

• Reverse Market Share Analysis: Exports towards all partners are simulated separately for

OECD and non-OECD countries, using two alternative sets of elasticities. In a second step,

these simulations are merged. In a third step data is sorted by importing country. Lastly,

observed and potential market shares of all competitors are compared for each market (a

market is defined as the combination of a cluster and an importing country). The objective is to

identify new suppliers that have neglected the import market under review.

• Natural regions: Such a set of equations may be useful in order to scan international trade

data in order to identify "optimal trade areas". The principle is to identify major “natural trade

partners” for each reporting country or region.

• Dynamics of comparative advantages: It is possible to address the dynamics of comparative

advantage (Feenstra and Rose, 1997), given that scenarios of catching up for emerging

countries can be considered, with an output in terms of changes in the specialisation.

2.2. The selection of industry clusters and estimation sample

A total of 261 groups of products (defined at the 3 and 4 digit industries of the SITC) have been

classified into 14 sectors, which represent total trade excluding minerals (fertilisers, ferrous waste,

precious metal ores, coke, petroleum oil crude, etc.). The 14 sectors, corresponding to the

classification used for the Trade Performance Index, are the following:

• Sector 1: Fresh food and agro-based products (live animals, vegetables, cotton etc.);

• Sector 2: Processed food and agro-based products (milk, cereal preparations, tobacco,

manufactured, essential oils etc.);

• Sector 3: Wood, wood products and paper;

• Sector 4: Yarn, fabrics and textiles;
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• Sector 5: Chemicals (rubber, chemical elements, medicaments, polymers, plastics, etc.);

• Sector 6: Leather and leather products (including footwear);

• Sector 7: Metal and other basic manufacturing (cement, pottery, glass, iron, steel, tools,

etc.);

• Sector 8: Non-electric machinery (engines, tractors, machine-tools, pumps etc.);

• Sector 9: Computers, telecommunication equipment, consumer electronics;

• Sector 10: Electronic components;

• Sector 11: Transport equipment (motor vehicles, cycles, aircraft, ships etc.);

• Sector 12: Clothing;

• Sector 13: Miscellaneous manufacturing (sanitary equipment, measure instrument, watches,

ammunition, musical instruments etc.);

• Sector 14: Petroleum products (excluding crude petroleum).

Taking the 1995-96 average, the breakdown of total trade of the 75 reporting countries within our

database is given in Figure 1. Three sectors account for US$ 500 billion each: chemicals, non-

electrical machinery and transport equipment. Four sectors range between $300 to $450 billion: metal

and other basic manufacturing, computers, electronic components and miscellaneous manufacturing.

Fresh food, processed food, wood and clothing, yarn, fabrics and textiles account each for $130 to

$250 billion. The two "small" sectors are leather and shoes and petroleum products. We decided to

distinguish the former from textile products, while the latter is isolated due to its specific nature and

the possible perturbations introduced in the model by such products.
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Figure 1: Breakdown of total trade by sectors within the sample (1995-96) (US$ billion)
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The sample of countries used for the estimation phase is asymmetric. There are 75 countries in the

sample, out of which only 53 are considered as exporters (to 74 markets) in the South-world

specification. In this specification, we focus on developing countries exports to developing and

developed countries. In the South-South specification, there are 52 exporting and 53 markets (Hong

Kong being excluded from the sample of exporting countries).
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Table  1: Country sam ple  for TRAD ESIM  e stim ate s

Country Exporte r Mark e t Code Country Exporte r Mark e t Code
Arge ntina 1 1 ARG Kore a 1 1 KO R
Australia 1 AUS Latvia 1 1 LVA
Austria 1 AUT Lith uania 1 1 LTU
Be lgium 1 BEL Madagascar 1 1 MD G
Banglade s h 1 1 BGD Malaysia 1 1 MYS
Bolivia 1 1 BO L Malta 1 1 MLT
Brazil 1 1 BRA Mauritius 1 1 MUS
Canada 1 CAN Me xico 1 1 MEX
Ch ile 1 1 CH L Morocco 1 1 MAR
Ch ina 1 1 CH N Ne th e rlands 1 NLD
Colom bia 1 1 CO L Ne w  Z e aland 1 NZ L
Cam e roon 1 1 CMR Nicaragua 1 1 NIC
Costa Rica 1 1 CRI Norw ay 1 NO R
Cyprus 1 1 CYP Pak istan 1 1 PAK
Cze ch  R e public 1 1 CZ E Paraguay 1 1 PRY
D e nm ark 1 D NK Pe ru 1 1 PER
Ecuador 1 1 ECU Ph ilippine s 1 1 PH L
Egypt 1 1 EGY Poland 1 1 PO L
Estonia 1 1 EST Portugal 1 PRT
Finland 1 FIN Saudi Arabia 1 1 SAU
France 1 FRA Singapore 1 1 SGP
Ge rm any 1 D EU El Salvador 1 1 SLV
Gre e ce 1 GRC Slove nia 1 1 SVN
Guate m ala 1 1 GTM South  Africa 1 1 Z AF
H onduras 1 1 H ND Spain 1 ESP
H ong Kong 1 H KG Sudan 1 1 SD N
H ungary 1 1 H UN Sw e de n 1 SW E
Ice land 1 1 ISL Sw itze rland 1 CH E
India 1 1 IND Th ailand 1 1 TH A
Indone sia 1 1 ID N Trinidad and Tob. 1 1 TTO
Ire land 1 IRL Tunisia 1 1 TUN
Israe l 1 1 ISR Turk e y 1 1 TUR
Italy 1 ITA Unite d State s 1 USA
Côte  d’Ivoire 1 1 CIV Unite d-Kingdom 1 GBR
Jam aica 1 1 JAM Uruguay 1 1 URY
Japan 1 JPN Ve ne zue la 1 1 VEN
Jordan 1 1 JO R Z im babw e 1 1 Z W E
Ke nya 1 1 KEN Total 53 75

2.3. Estimation results

Stepwise estimates have been extensively ran and all statistical tests performed, including

multicolinearity diagnosis. Some variables, not reported here, have been dropped out given their low

contribution. The set of equations on which elasticities used in the simulation phase are based (Table

2) is the following:



19

[13]  
00

6543210

log'

logloglogloglog'log

αα

αααααααα

=

++++++++= ∑ ij
z

ijzzijijjijiij uZLDYYyyX

with Z a vector of dummies according to regional trading arrangements and L a dummy of common

language between the two countries.

Table  2 : Elasticitie s use d in th e  sim ulation ph ase

Se ctor Yi Yj yi yj D ijR
1 1.1675 1.0612 -0.5205 0.3163 -1.4843
2 1.2185 0.8359 0.2873 0.2886 -1.5701
3 1.0682 0.789 5 0.2518 0.09 24 -1.7887
4 1.5208 0.7529 -0.1437 0.1541 -1.439 1
5 1.4533 0.89 86 0.6464 -0.1418 -1.5704
6 1.2618 0.7371 -0.0711** 0.3189 -1.2211
7 1.5553 0.8776 0.4226 (-0.0009 ) -1.5635
8 1.3485 0.79 9 6 0.6571 -0.0827 -1.4201
9 1.3044 0.6285 0.679 2 0.249 9 -1.0316
10 1.3372 0.679 4 0.6669 0.139 8 -1.2827
11 1.2674 0.6125 0.4334 0.1062 -1.439 7
12 1.1306 0.69 02 (-0.0059 ) 0.7106 -1.3080
13 1.3516 0.7582 0.449 0 0.3423 -1.309 7
14 0.5301 0.5362 0.2085 -0.09 19 -1.8201
Total trade 1.3332 1.0534 0.2616 0.1866 -1.4046
Significance  le ve l:
(~ ): Not significant at th e  10%  le ve l
**: Significant at th e  5%  le ve l only
Significant at th e  1%  le ve l oth e rw ise
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3. Simulations Output

The basic output of a simulation exercise is a set of “normal” exports of a given reporting country to

each of its elementary markets, according to its size, its income level, the distance from foreign

markets, etc. One elementary market is the market for one cluster in one importing country. In a first

stage, this exercise is made at the global level, considering all products as a whole. Then it is

replicated for each sector. The definition of trade potentials differs according to the type of exercise

considered, as detailed now.

3.1. Calculation of aggregated trade potentials

Consider for example China, which is a rather simple example to start with. The basic equation that

has been estimated for total bilateral trade in our sample of 53 exporting countries competing on 75

markets is the following:

[14]
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This equation can be used in simulation using values of these variables for China and for each of its

74 destination markets. The basic information obtained is thus a set of 74 simulated export values

(Table 3). Chinese exports, as defined here, sum up to US$ 192,249 million. This is to be compared

with the simulated value of US$ 191,619 million.

This difference is to be associated with residuals in the equation estimated and this deviation from the

observed value of total exports has to be taken into account when tabulating potentials. However,

since residuals are not distributed uniformly in the sample, deviations for large markets have to be

excluded from the deviation accounted for when tabulating the correction. From a practical point of

view, the tabulation of trade potentials is a two-step procedure.

First step: correction of simulated trade values for overall deviation

In this first step, we systematically exclude the residual associated with the destination market from

the total residual, when tabulating the correction factor for this destination market. As a result, the

adjusted simulated trade in the last column, does not sum up to the total simulated Chinese exports.

More formally, the adjusted simulated trade for China (superscript star) differs from the simulated

trade (superscript hat) as in equation 15.
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This correction is applied to all partners in order to obtain potentials in the last column. In total,

Chinese exports could be enhanced by roughly 50% if adjusted "natural" values of exports were

reached on each individual market.

Turning to individual markets for Chinese exporters, the following results are obtained. Ceteris

paribus, Chinese sales on the Japanese market could be 700% of their current value, given the size of

these countries, their relative distance, their income per capita, and notwithstanding the facts that they

do not belong to a common regional arrangement and do not speak a common language. Hence, Japan

is the leading potential market for China. Such result is certainly biased by the re-exportation through

Hong-Kong (see the outstanding result for Hong Kong). There is also a large potential for a

percentage increase with Lithuania and Latvia, but for negligible values. Hence, it must not be

considered. In contrast, the US$ 23,560 million potential with Korea highlights a second promising

market for Chinese exports. India, Sweden, Israel, Venezuela, Switzerland, Finland and Austria are

also promising.

At the opposite end of the spectrum, Chinese performances are outstanding on other markets, since

they largely overwhelm their “natural” values. Considering markets larger than US$ 100 million, this

is the case for Chile, Peru, New Zealand, Morocco, Egypt, South Africa, Bangladesh, Australia,

Argentina, Canada, and the United States. In the latter case, the “normal” amount would be US$ 12

billion, to be compared with the observed US$ 41 billion. The figures obtained for Chinese exports to

Hong Kong, already stressed, deserve much emphasis.

Lastly, the figures obtained for many European countries highlight a simulated pattern that is very

similar to the observed one. This is the case for Denmark, Portugal, Italy, the UK and France.
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Table  3: Tabulation of bilate ral adjusted sim ulated Ch ine se  e xports (All products)
Im porte r O bse rve d Sim ulate d Adjuste d

sim ulate d

Im porte r O bse rve d Sim ulate d Adjuste d

sim ulate d

JPN 32583 113261 230783 BGD 429 121 121
KO R 679 8 21600 23560 CZ E 212 101 102
USA 41735 15025 12806 EGY 371 9 4 9 4
D EU 9 436 7489 7435 H UN 233 85 86
H KG 579 73 6321 4580 NZ L 414 85 85
FRA 4253 4351 4368 CO L 86 53 53
ITA 3202 3078 3086 VEN 36 50 50
GBR 3085 3068 3078 SVN 39 39 39
IND 610 1186 119 4 CH L 446 37 37
ESP 1821 1145 1145 PER 171 33 33
NLD 2581 1116 1111 MAR 133 33 33
TH A 1757 1052 1052 TUN 53 23 23
CAN 2806 1030 1024 CYP 59 21 21
CH E 766 9 32 9 36 ISL 16 16 16
MYS 1573 864 864 LTU 4 14 14
AUS 2514 79 5 79 1 JO R 9 0 10 10
BEL 1186 783 784 GTM 31 10 10
SW E 408 773 777 ECU 31 9 9
AUT 579 674 676 URY 45 9 9
ID N 1329 542 541 LVA 3 9 9
D NK 614 529 531 EST 12 8 8
SGP 39 36 528 520 KEN 83 7 7
PH L 721 49 5 49 6 SD N 41 7 7
BRA 753 49 2 49 3 SLV 16 6 6
NO R 517 486 488 CIV 51 6 6
FIN 341 410 412 CRI 19 6 6
TUR 471 388 389 CMR 12 6 6
SAU 9 20 358 358 MLT 26 5 5
MEX 444 29 2 29 2 MUS 62 5 5
GRC 330 281 282 Z W E 21 5 5
PO L 552 271 272 PRY 61 4 4
ISR 158 245 246 TTO 19 3 3
PAK 559 208 208 JAM 21 3 3
ARG 531 180 181 MD G 18 2 2
PRT 183 164 165 BO L 10 2 2
Z AF 555 145 145 H ND 16 2 2
IRL 276 129 129 NIC 3 1 1

TO TAL 19 2249 19 1619 307133

Source : Pre s e nt trade  figure s  are  bas e d on UN data (ave rage  ove r th e  9 5-9 6 pe riod). Sim ulations are  bas e d on Trade Sim .

In total, the result of this exercise is three-dimensional: observed value, simulated value, and potential

increase. Such tri-dimensional information is however difficult to handle when large samples of

partners or clusters have to be considered. In addition, the adjustment process may lead to dramatic

differences between unadjusted and adjusted simulated trade flows. The second step of the calculation
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tackles this issue.

Second step: calculation of trade potentials

In order to tackle such multidimensional information and to smooth discrepancies between adjusted

and unadjusted simulated exports, a simple normalised output, summarising all calculations ran so far,

has been defined. It provides, for each reporting country, or by cluster, two values: the observed

exports, and the average (superscript tilde) of the adjusted and unadjusted simulated bilateral export

values (Equation [16]), here defined as trade potentials. Figure 2 below gives such information for

China by plotting ijX~  and ijX .

Figure  2: Export pote ntial for Ch ina, all products
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Another example: Kenya

Kenya is an example of a rather small country for which the fit of the equation is necessarily worse

than in the Chinese case, given its small weight in the country sample10. The observed total value of

exports is US$ 1,324 million, to be compared with only 663 million simulated. Such spread between

observed and simulated value must firstly be corrected, using the same assumptions and methods as

for China. After correction the adjusted simulated trade reaches US$ 1,369 million. This leaves little

scope for enhancing total exports. Consider the Japanese market for example. Observed exports reach

US$ 20 million, to be compared with 27 million simulated. The ratio of these values is 1.3. However,

since Kenya exports on the whole twice as much as the model simulates (before correction), the

relative share of the Japanese market for Kenya is much higher and the relative potential increase

factor is 2.7.

Figure 3: Export potential for Kenya, all products
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The United Kingdom is actually the market absorbing the larger share of Kenyan exports, followed by

Germany (Figure 3). However Kenyan exporters underscore on the German market which is their

leading potential market. The United States, France and Italy are the markets offering the largest

opportunities to Kenyan exporters. Notice however that Kenyan exports to Pakistan, Egypt the South
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African Custom Union and to a lesser extent Sudan, are by far larger than expected.

3.2. Calculation of disaggregated trade potentials

In order to clarify the specificity of the methodology used for calculating trade potentials at the sector

level, it is possible to run a full exercise for a non-declaring developing country, hence making use of

mirror statistics. Senegal has been chosen. In 1997, the coverage of total trade by mirror statistics was

roughly 80% for this country, taking into account the difference between CIF and FOB declarations.

According to IMF estimates, mirror statistics give a CIF-total of US$ 360 million, to be compared

with US$ 395 million in FOB terms.

Aggregated trade potentials

As far as total trade is concerned, the model fits the data well (Table 4, last row): the simulated

exports ($463 million) match the observed ones ($469 million). In addition, the adjusted simulated

trade (defined as in Equation [15]), is similar (here, equal in absence of decimals) to the observed

trade, which leads to little scope for enhancing Senegalese exports as a whole. This is however the

result obtained for estimates at the aggregated level.

Concerning the destination markets, the EU is by far the main market for Senegalese exporters, but a

slight potential for increasing exports to the EU remains. Within the EU, the main partners of Senegal

are France and Italy, both countries noticeably importing more than simulated. Spain is the third

importer of Senegalese products, and has also exhausted its potential. As far as these countries are

concerned, the potential of exports is exhausted, which justifies a prioritisation of other destination

markets: Germany and the United Kingdom.

Exports towards the Netherlands and Belgium are also underachieved, notwithstanding the fact that

Belgium (partly) and Senegal both speak French. In contrast, Portugal and Greece are markets on

which Senegalese exporters outperform: in absolute terms, these markets are more important for

Senegalese exporters than Belgium, Germany, the Netherlands, Sweden or Austria. This could be

associated to preferences in consumption, Greece and Portugal purchasing large amounts of sea food

products. It might also reflect the presence of Greek and Portuguese fishing boats in the Senegal

territorial seas, since these countries import primarily fresh fish from Senegal. This latter phenomenon

illustrates the limitation of an analysis based solely on macroeconomic determinants, especially for

exporting countries specialised in a narrow range of products.

                                                                                                                                                 
10 Notwithstanding the fact that the model is log-linearised and under-weights large values.
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Table  4: O bse rve d and sim ulate d Se ne gale s e  export m ark e ts
Im porte r O bse rve d Sim ulate d Adjuste d

sim ulate d

EU 366 39 1 383
FRANCE 181 139 119
ITALY 77 43 39
SPAIN 31 28 27
CO TE D IVO IRE 18 0 0
UNTD .KINGD O M 16 40 42
GREECE 15 3 3
GERMANY 12 87 102
PO RTUGAL 12 5 5
CAMERO O N 12 0 0
JAPAN 10 9 9
IND IA 10 0 0
BRAZ IL 9 3 3
NETH ERLAND S 9 13 13
BELGIUM 9 22 22
H O NG KO NG 8 0 0
GABO N 7 0 0
USA 5 36 38
IND O NESIA 3 0 0
TH AILAND 2 0 0
SW ITZ ERLAND 2 6 6
D ENMARK 2 5 4
TUNISIA 2 0 0
IRELAND 1 2 2
KO REA REP. 1 1 1
CH INA 1 1 1
MO RO CCO 1 1 1
S.AFR.CUS.UN 1 0 0
CANAD A 1 5 5
TURKEY 1 1 1
SW ED EN 1 5 5
AUSTRIA 0 7 7
FINLAND 0 2 2
Total 463 469 463

Source : Pre s e nt trade  figure s  are  bas e d on UN data (ave rage  ove r th e  9 5-9 6 pe riod). Sim ulations are  bas e d on Trade Sim .

The tight relationship with France referred to above was expected given the historical and cultural

links with Senegal. A comparison with the results obtained for other French-speaking sub-Saharan

African countries, highlights that it is a general pattern with the exception of Congo (Table 5).
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Table  5: Im portance  of th e  Fre nch  m ark e t for se le cte d African countrie s.

Exporting country O bse rve d e xports

19 9 5-9 6

Pote ntial e xports

( ijX~ )

CÔ TE D ’IVO IRE 839 714.5
CAMERO O N 39 8 285.5
SENEGAL 181 129
GABO N 164 166
D EM. REP. CO NGO 35 144

Source : Pre s e nt trade  figure s  are  bas e d on UN data (ave rage  ove r th e  9 5-9 6 pe riod). Sim ulations are  bas e d on Trade Sim .

Other markets in industrialised countries are not important in quantitative terms for Senegal. Japan is

a polar case in comparison with France. With the exception of the size of Japan, all other determinants

hinder trade. Hence, the model predicts only $9 million of Senegalese exports to this country. Even if

this potential is already exhausted, a more qualitative analysis would indicate that given the Japanese

consumption patterns (importance of sea food) it remains a potential of exports for such products in

which Senegal generally outperforms. Noticeably, according to specialists, Senegal exports some rare

species of molluscs that are highly appreciated in Japan.

According to the model, the potential for exports to the US remains large: the US market should

represent roughly the Italian market for Senegal. However, the leading Senegalese products miss US

distribution channels, do not match local preferences and face the competition of Canada and Alaska.

As long as tariff and non-tariff barriers are maintained and criteria of quality are not matched, the

econometric result cannot be interpreted in terms of real potential. What the model demonstrates,

reciprocally, is that a larger diversification of Senegalese exports (towards clothing for example)

could open more widely the US market to Senegalese exporters.

Disaggregated trade potentials

Turning to simulations sector by sector, it must be kept in mind that simulated trade flows by sector

deserve adjustment, since residuals refer at least partially to comparative advantages. Using the

notations referred to above, trade potentials are simply defined as ijkX̂ at the sectoral level. Hence,

results must be handled cautiously: the sum of observed trade flows is by far larger than the simulated

ones (Table 6). The structure has to be considered, rather than the absolute values.

In this example, such discrepancy is due to processed food for which Senegal outperforms given its

macroeconomic characteristics; it is also the case for fresh food, to a lesser extent. The last

outstanding performance is for chemicals. In the first column, we identify products within these

sectors accounting for such performances: fish (smoked, salted fish, tuna), cotton, groundnut,

fertilisers. Hence, it is worthwhile comparing present and simulated foreign trade structures,
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notwithstanding the systematic bias towards underestimation of performances of individual sectors. It

appears that the relative share of processed food in Senegalese exports is 3 times larger than expected,

whereas fresh food, despite its importance in absolute terms could account for an even larger share of

Senegalese exports.

According to TradeSim, in addition to fish, Senegal could perform better for wood and paper, clothing

and metal products. Concerning wood and paper, such outcome is however not realistic since Senegal

is not well endowed in forestry resources. The only perspective would therefore be to export paper in

the sub-region. In contrast, the clothing articles sector is certainly offering promising opportunities,

given the domestic and regional crops of cotton (Benin, Burkina Faso) and given the low cost of

labour: Asian countries having similar standards of living are large exporters of clothing. The low

levels of exports and imports of clothing in Senegal confirm this. However since neighbouring

countries do not report either, it is difficult to assess if a regional market for such products exists.
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Table  6: O bse rve d and sim ulate d e xport structure  by se ctor, Se ne gal, 19 9 5-9 6

Products Se ctor

O bse rve d

trade

(US$ m .)

Sim ulate d

trade

(US$ m .)

Pre s ent

structure

(%)

Sim ulate d

structure

(%)

Fish  (fre s h , froze n),

crustace ans, cotton

Fre s h  food and agro-base d

products

251 102 54% 81%

Sm ok e d, salte d fish ,

groundnut oil, fish

pre p. (conse rve s)

Proce s s e d food and agro-

bas e d proce s s e d products

158 12 34% 10%

W ood, w ood products  and

pape r

1 2 0% 2%

Yarn, fabrics and te xtile s 3 1 1% 1%

Manufacture d fe rtilise rs Ch e m icals 28 1 6% 1%

Le ath e r and le ath e r products 3 1 1% 0%

M e tal and oth e r basic

m anufacturing

0 1 0% 1%

Non-e le ctric m ach ine ry 4 0 1% 0%

Com pute rs , te le com m ; cons.

Ele ctronics

3 0 1% 0%

Ele ctronic com pone nts 1 0 0% 0%

Transport e q uipm e nt 1 0 0% 0%

Cloth ing 1 3 0% 2%

Misc. m anufacturing 6 1 1% 1%

Pe trole um  Products 4 0 1% 0%

Sum  of th e  cluste rs 464 126

Total trade  (9 9 ) 463 469

Source : Pre s e nt trade  figure s  are  bas e d on UN data (ave rage  ove r th e  9 5-9 6 pe riod). Sim ulations are  bas e d on Trade Sim .
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4. Concluding Remarks

TradeSim has been designed by ITC with the specific objective of estimating bilateral trade potential

of developing and transition economies with any of their partner countries. The basic idea behind the

model is that international trade is structured along natural trading regions and natural bilateral trade

patterns. Hence, these patterns can be simulated for any pair of countries at the global or at the

sectoral level.

It is worthwhile concluding by addressing a case in which the model is supposed to behave poorly,

given its foundations. This will underscore shortcomings inherent to the methodology and stress the

necessary cautiousness in interpreting the results.

From this point of view, Senegal appears at a first glance as a difficult case study: having a

concentrated portfolio of exports, and exporting limited amounts as a whole, this non reporting

country is a typical challenge for our modelling exercise. The results however are reinsuring, as

highlighted by the following bi-dimensional analysis.

We have already noticed that France is the leading market for Senegalese exporters. The

corresponding structure of exports replicates the one referred to above: fish and crustaceans,

preserved fish and groundnut oil account for the bulk of these exports. What does TradeSim put

forward in this case?

Given the absolute values provided in Table 7, France is clearly one of the leading markets for these

products.

Table  7: Se ctoral bre ak dow n of obse rve d and sim ulate d Se ne gale se  e xports to France

Se ctor

Pre s ent trade

(US$ m .)

Pre s ent structure

(% total)

Sim ulate d

structure  (%  total)

Fre s h  food and agro-base d products 72 40% 81%

Proce s s e d food and agro-base d proc.d products 9 8 54% 13%

W ood, w ood products  and pape r 0 0% 2%

Yarn, fabrics and te xtile s 1 0% 1%

Ch e m icals 2 1% 0%

Le ath e r and le ath e r products 3 2% 0%

Cloth ing 0 0% 2%

Misc. m anufacturing 3 2% 1%

Total trade 181

Note : s e ctors  w ith  ze ro sim ulate d trade  and ze ro and obse rve d trade  are  not s h ow n.

Source : Pre s e nt trade  figure s  are  bas e d on UN data (ave rage  ove r th e  9 5-9 6 pe riod). Sim ulations are  bas e d on Trade Sim .
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For instance, Senegal exports $ 251 million of fresh food products, of which $ 72 million are exported

to the French market. Concerning processed food, France accounts for $ 98 million of the $158

million exported to the world. In both cases export potentials are largely overwhelmed: the last

column in Table 6, however, shows that processed food products have a much larger share in those

exports than expected. In contrast, Senegal could develop its exports by diversifying towards textile

products.

Another sensitive issue is related to South-South trade potentials. The model fails to identify any

export opportunity associated with extra-regional South-South trade in the Senegalese case. Trade is

larger than simulated for developing partners such as India, Brazil and Hong-Kong, Tunisia, Morocco

and South Africa. Is there however any scope for regional trade in Western Africa, according to

TradeSim?

Contrasting with the view of underdeveloped South-South Trade, we observe that the simulated

exports to Côte d’Ivoire are very low (US$ 0.2 million) in comparison with the observed ones (US$

18 million). Such result looks surprising but has been cautiously checked: the multiplicative form of

the model, as long as two small countries are concerned, produces such outcome. The same remark

can be applied to Cameroon and Gabon. Hence, in total, regional South-South trade is not

underachieved in the region given the macroeconomic characteristics of the related countries.

Focusing on the relationship between Senegal and Côte d’Ivoire, one observes that these countries

have similar levels of development and culture. However, they do not share any common border, and

geographic distances between economic centers are important: the large Guinea is a natural hindrance

to trade between these two countries if goods aren't shipped by sea. The economic theory considers

that similarity in income per capita and economic size is a positive determinant of intra-industry trade

(two-way trade within industries), while this type of trade increases more than proportionally with

income per capita. If the simulated values are too small to be considered here, the simulated structure

is highly interesting and confirms the scope for intra-industry trade (in a broad sense) on a regional

basis (Table 8).

For numerous sectors, the simulated trade flows are larger than the observed ones, in relative terms:

processed food, wood and paper, metal products, petroleum products. This must not be interpreted as

large potentials remaining for these sectors: since Senegal does not export these products to the rest of

the world, there is no scope for exporting them to Côte d’Ivoire either. In addition, we observe that

these products are also those largely exported by Côte d’Ivoire: the latter country to Senegal

potentially exports wood and petroleum products. However, such explanation cannot be checked in

the absence of export statistics for Côte d’Ivoire in the COMTRADE database (only Côte d’Ivoire’s

import statistics are available).
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Table  8: Sim ulate d and obse rve d Sene gales e  export structure  on th e  Ivorian m ark e t

Se ctor Pre s e nt structure

(% total)

Sim ulate d structure

(% total)

Fre s h  food and agro-base d products 47% 33%

Agro-bas e d proce s s e d  products 2% 9 %

W ood, w ood products  and pape r 1% 7%

Yarn, fabrics and te xtile s 4% 7%

Ch e m icals 39 % 12%

Le ath e r and le ath e r products 0% 2%

M e tal and oth e r basic m anufacturing 0% 6%

Non-e le ctric m ach ine ry 5% 4%

Com pute rs , te le com m ; cons. Ele ctronics 0% 1%

Ele ctronic com pone nts 1% 2%

Transport e q uipm e nt 0% 3%

Cloth ing 0% 2%

Misc. m anufacturing 0% 4%

Pe tr. Products 1% 7%

Source : Pre s e nt trade  figure s  are  bas e d on UN data (ave rage  ove r th e  9 5-9 6 pe riod). Sim ulations are  bas e d on Trade Sim .

In total, even in such a challenging case, TradeSim provides results making sense and leads to

interesting insights in trade performance and trade potentials analysis, provided that figures are

interpreted properly.
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5. Appendix 1: description of the variables

Exports:

Exports are extracted from COMTRADE, using the clustering referred to below. Since there is a

discrepancy between reporting country and partner declarations for a given trade flow, and according

to the better quality of import declarations, we consider a weighted average of both declarations

according to a “two-third-one-third” rule. For some countries, additional corrections have been

introduced, according to Table 9, due to significant discrepancies or lack of data.

Table  9 : Corre ction of trade  flow s by country pairs

Corre ction IMP EXP Corre ction IMP EXP Corre ction IMP EXP
2/3 bis ECU AUS 2/3 bis H ND FRA 2/3 bis EGY JPN
2/3 bis LVA AUS 2/3 bis IND FRA 2/3 bis EST JPN
2/3 bis SVN AUS 2/3 bis JO R FRA 2/3 bis MAC JPN
2/3 bis H UN AUT 2/3 bis MAC FRA 2/3 bis PO L JPN
2/3 bis JAM AUT 2/3 bis MAR FRA 2/3 bis SD N JPN
2/3 bis BO L BEL 2/3 bis MD G FRA 2/3 bis SVN JPN
2/3 bis LVA BEL 2/3 bis MUS FRA 2/3 bis TUN JPN
2/3 bis MAR BEL 2/3 bis PAK FRA 2/3 bis URY JPN
2/3 bis CH E BO L 2/3 bis URY FRA 2/3 bis CH N MEX
2/3 bis LTU CAN 2/3 bis VEN FRA 2/3 bis CH L NLD
2/3 bis SVN CAN 2/3 bis ECU GBR 2/3 bis D EU NLD
2/3 bis EST CH E 2/3 bis EGY GBR 2/3 bis H ND NLD
2/3 bis KO R CH E 2/3 bis H ND GBR 2/3 bis LVA NLD
2/3 bis ECU CH N 2/3 bis LVA GBR 2/3 bis GRC NO R
2/3 bis EGY CH N 2/3 bis MAC GBR 2/3 bis ID N NO R
2/3 bis GTM CH N 2/3 bis MAR GBR 2/3 bis IND NO R
2/3 bis H UN CH N 2/3 bis URY GBR 2/3 bis LVA NO R
2/3 bis KEN CH N 2/3 bis VEN GBR 2/3 bis MAR NO R
2/3 bis PRY CH N Export data SGP ID N 2/3 bis MLT NO R
2/3 bis VEN CH N Im port data ID N SGP 2/3 bis SAU NO R
2/3 bis EGY D EU 2/3 bis Z AF ISL 2/3 bis TUN NO R
2/3 bis H UN D EU 2/3 bis CH L ISR 2/3 bis CZ E NZ L
2/3 bis MAR D EU 2/3 bis ID N ISR 2/3 bis Z W E NZ L
2/3 bis EGY D NK 2/3 bis IND ISR 2/3 bis CH E PER
2/3 bis MAC D NK 2/3 bis JO R ISR 2/3 bis ID N PRT
2/3 bis PH L D NK 2/3 bis PER ISR 2/3 bis IND PRT
2/3 bis VEN D NK 2/3 bis EGY ITA 2/3 bis SGP PRT
2/3 bis EGY ESP 2/3 bis GTM ITA 2/3 bis VEN SW E
2/3 bis MLT ESP 2/3 bis JO R ITA 2/3 bis CYP USA
2/3 bis URY ESP 2/3 bis MLT ITA 2/3 bis EST USA
2/3 bis MAC FIN 2/3 bis PRY ITA 2/3 bis H ND USA
2/3 bis PH L FIN 2/3 bis URY ITA 2/3 bis LVA USA
2/3 bis BGD FRA 2/3 bis VEN ITA 2/3 bis MUS USA
2/3 bis CRI FRA 2/3 bis CH N JO R 2/3 bis PRY USA
2/3 bis ECU FRA 2/3 bis BO L JPN 2/3 bis SD N USA
2/3 bis EGY FRA 2/3 bis CZ E JPN 2/3 bis SVN USA

2/3 bis CH N Z AF

Le ge nd: by de fault Xij’ = (Xij+ 2 Mji)/3  (2/3 rule )

2/3 bis : Xij’ =(2Xij+ Mji)/3

Export data: Xij’ = Xij

Im port data: Xij’ = Mji
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Absolute distance

Dij: Distance: great circle distance between i an j capital (or main) cities (see Table 10). Having

transformed the latitude ϕ  and the longitude λinto radians ( )×Π / 360 , the formula used to

calculate the distance between the 146 countries and their 145 partners is  [ 15]. The result can also be

obtained using Pcglobe®.

 [ 15] [ ]
∆

∆
ij j i

ij i j i j ijD Arc z

≡ −

= +

λ λ

ϕ ϕ ϕ ϕcos sin sin cos cos cos

with z= 6367 for km and 3956 for miles. We used km as a unit.

Relative distance
The average distance between a reporting country and all its partners weights the distance between a

given reporting country and each partner. Hence, an isolated country will face shorter relative distance

vis-à-vis a given partner. By construction, this indicator is asymmetric and aims to be so. For

example, since Germany is narrow from all its partners, whereas Australia is not. The distance

between Sidney and Köln is only 1.20 times the average distance between Australia and all its

partners, whereas the distance between Köln and Sidney is 3.51 times the average distance between

Germany and all its partners. We define 1.20 and 3.51 as the relative distances. Weights are defined as

total imports of each partner normalised by total trade within the sample.
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Table  10: Capitals/e conom ic ce nte rs ch ose n for th e  calculation of D ij

Afgh anistan K abul Guine a Conak ry Papua Ne w  Guine a Port More s b y
Alge ria Algie rs Guine a Bis sau Bis sau Paraguay Asuncion
Angola Luanda Guyana Ge orge tow n Pe ru Lim a
Arge ntina Bue nos-Aire s H aiti Port au Prince Ph ilippine s Manila
Australia Sydne y H onduras Te gucigalpa Poland W ars aw
Austria Vie nna H ong Kong Victoria Portugal Lisbon
Bah am as Nassau H ungary Budape s t Q atar D oh a
Bah rain Al Manam ah Ice land R e yk javik Rom ania Buch are s t
Banglade s h D acca India Ne w -D e lh i Rw anda K igali
Barbados Bridge tow n Indone s ia Jak arta SACU Joh anne sburg
Be lgium -Luxe m bourg Brus s els Iran Te h e ran Saudi Arabia R iyadh
Be lize Be lm opan Iraq Bagh dad Se ne gal D ak ar
Be nin Cotonou Ire land D ublin Se ych e lle s Port Victoria
Bh utan Th im bu Israe l Te l-Aviv Sie rra Le one Fre e tow n
Bolivia La Paz Italy Rom e Singapore Singapore
Brazil Brasilia Jam aica K ingston Slove nia Ljubliana
Bulgaria Sofia Japan Tok yo Solom on Islands H oniara
Burk ina Faso O uagadougou Jordan Am m an Som alia Mogadis h u
Burundi Bujum bura K e nya Nairobi South  Africa Cape  Tow n
Cam e roon Yaoundé Kore a PR.(S) Se oul Spain Madrid
Canada O ttaw a Kuw ait Kuw ait Sri Lank a Colom bo
Ce ntral African R e p. Bangui Laos Vie ntiane Sudan K h artoum
Ch ad N'djam e na Latvia R iga Surinam e Param aribo
Ch ile Santiago Le banon Be irut Sw e de n Stock h olm
Ch ina Be ijing Libe ria Monrovia Sw itze rland Be rn
Colom bia Bogota Lith uania Vilnius Syrian Arab R e public D am ascus
Com oros Moroni Macao Macao Taiw an Taipe i
Congo Brazzaville Madagascar Antananarivo Tanzania D ar e s  Salaam
Costa Rica San Jos e Malaw i Lilongw e Th ailand Bangk ok
Côte  d'Ivoire Abidjan Malaysia Kuala-Lum pur Togo Lom é
Cyprus Nicosia Mali Bam ak o Trinidad & Tobago Port of Spain
D e nm ark Cope nh age n Malta Vale tta Tunisia Tunis
D jibouti D jibouti Mauritania Nouak ch ott Turk e y Ank ara
D om inican Re public Santo D om ingo Mauritius Port Louis Uganda K am pala
Ecuador Q uito Me xico M e xico Unite d Arab Em irate s Abu-D h abi
Egypt Cairo Mongolia U lan-Bator Unite d Kingdom London
El Salvador San Salvador Morocco Casablanca Uruguay Monte vide o
Estonia Tallinn Mozam biq ue Maputo USA W as h ington D C
Eth iopia Addis Ababa Myanm ar Rangoon Russian Fe d. Moscow
Fiji Suva Ne pal K atm andu Ve ne zue la Caracas
Finland H e lsink i Ne th e rlands Am ste rdam Vie tnam H anoi
France Paris Ne w  Z e aland W e llington Ye m e n Sana
Gabon Libre ville Nicaragua Managua Yugoslavia Be lgrade
Gam bia Banjul Nige r Niam e y D e m . Re p. of Congo K insh asa
Ge rm any Cologne Nige ria Lagos Z am bia Lusak a
Gh ana Accra Norw ay O slo Z im babw e H arare
Gre e ce Ath e ns O m an Muscat Panam a Panam a
Guate m ala Guate m ala Pak istan Islam abad
Note : notice  th at som e  of th e s e  countrie s  w e re  droppe d out from  th e  final sam ple .

GNP (GNP per capita) at current prices
GNP is the sum of value added by all resident producers plus any taxes (less subsidies) that are not

included in the valuation of output plus net receipts of primary income (employee compensation and

property income) from non resident sources. Data are in current billion US$ converted using the

World Bank Atlas method.

We consider the average GNP for 1995 and 1996 in US$ (divided by the midyear population) taken

from World Bank, World Development Indicators 1997. The exceptions are:
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• Cyprus and Malta, GDP US$ taken from EIU Country Profile, 96/97 and 97/98.

• Sudan, GNP US$, Middle East Review, 98

• Belgium-Lux: simple average of GNP per capita of both.

• SACU: simple average of GNP per capita of the 5 countries.

Common language dummy variable

The “common language” dummy variable (see equation [13]) takes into account common national

languages (official or not) as well as links established during the colonial period. The official

languages were taken from Exporters Encyclopedia 1998/99. The following languages were

considered: Arabic, Amerindian, Cantonese, Dutch, English, French, German, Irish, Greek, Italian,

Japanese, Mandarin, Malay, Portuguese, Russian, Spanish, Swedish, Swahili.

For each country, one or two national languages were taken into account, provided that they are

spoken by a high percentage of the population. For example, since French is spoken by a high share of

the population in Belgium and Senegal, the dummy variable is equal to 1 for the trade between these

two countries.

Free Trade Agreements

A distinction has been made between different types of agreements: Free Trade Zones and custom

unions are grouped in a first category (FT) while other preferential schemes are considered separately

(TA). Since a given country can belong to more than one preferential scheme, two variables are

created (TA1 and TA2).
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6. Appendix 2: SITC codes (rev.3) for the 14 industry clusters

Cluste r 1- Fre sh  food and agro-based products
001  LIVE ANIMALS
011  BO VINE MEAT
012  O TH ER MEAT, MEAT O FFAL
034  FISH ,FRESH ,CH ILLED ,FRO Z N
036  CRUSTACEANS,MO LLUSCS ETC
041  W H EAT, MESLIN, UNMILLED
0421 R ICE
043  BARLEY, UNMILLED
044  MAIZ E UNMILLED
045  O TH ER  CEREALS, UNMILLED
054  VEGETABLES
057  FRUIT,NUTS EXCL.O IL NUTS
071  CO FFEE,CO FFEE SUBSTITUTE
072  CO CO A
074  TEA AND  MATE
075  SPICES
121  TO BACCO , UNMANUFACTURED
211  H ID ES,SK INS(EX.FURS),RAW
212  FURSKINS, RAW
222  O ILSEED (SFT.FIX VEG.O IL)
223  O ILSEED (O TH .FIX.VEG.O IL)
231  NATURAL RUBBER, ETC.
261  SILK
263  CO TTO N
264  JUTE,O TH .TEXTL.BAST FIBR
265  VEGETABLE TEXTILE FIBRES
268  W O O L, O TH ER ANIMAL H AIR
29 1  CRUD E ANIMAL MATERLS.NES
29 2  CRUD E VEG.MATERIALS, NES

Cluste r 2- Proce ssed  food and agro-based  products
016  MEAT,ED .O FFL,D RY,SLT,SMK
017  MEAT,O FFL.PRPD ,PRSVD ,NES
022  MILK AND  CREAM
023  BUTTER,O TH ER  FAT O F MILK
024  CH EESE AND  CURD
025  EGGS,BIRD S,YO LKS,ALBUMIN
035  FISH ,D RIED ,SALTED ,SMO KED
037  FISH  ETC.PREPD ,PRSVD .NES
0422 R ICE
0423 R ICE
046  MEAL,FLO UR O F W H EAT,MSLN
047  O TH ER  CEREAL MEAL,FLO URS
048  CEREAL PREPARATIO NS
056  VEGTABLES,PRPD ,PRSVD ,NES
058  FRUIT,PRESERVED ,PREPARED
059   FRUIT, VEGETABLE JUICES
061  SUGARS,MO LASSES,H O NEY
062  SUGAR CO NFECTIO NERY
073  CH O CO LATE,O TH .CO CO A PREP
081  ANIMAL FEED  STUFF
09 1  MARGARINE AND  SH O RTENING
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09 8  ED IBLE PRO D .PREPRTNS,NES
111  NO N-ALCO H O L.BEVERAGE,NES
112  ALCO H O LIC BEVERAGES
122  TO BACCO , MANUFACTURED
411  ANIMAL O ILS AND  FATS
421  FIXED  VEG.FAT,O ILS, SO FT
422  FIXED  VEG.FAT,O ILS,O TH ER
431  ANIMAL,VEG.FATS,O ILS,NES
551  ESSNTL.O IL,PERFUME,FLAVR

Cluste r 3: W ood, w ood products and pape r
244  CO RK,NATURAL,RAW ;W ASTE
245  FUEL W O O D , W O O D  CH ARCO AL
246  W O O D  IN CH IPS, PARTICLES
247  W O O D  RO UGH ,RO UGH  SQ UARED
248  W O O D , SIMPLY W O RKED
251  PULP AND  W ASTE PAPER
633  CO RK MANUFACTURES
634  VENEERS, PLYW O O D , ETC.
635  W O O D  MANUFACTURES, NES
641  PAPER AND  PAPERBO ARD
642  PAPER,PAPERBO ARD ,CUT ETC
8215 W oode n furniture

Cluste r 4 - Yarn, fabrics and te xtile s
651  TEXTILE YARN
652  CO TTO N FABRICS, W O VEN
653  FABRICS,MAN-MAD E FIBRES
654  O TH .TEXTILE FABRIC,W O VEN
655  KNIT.CRO CH ET.FABRIC NES
656  TULLE,LACE,EMBRO ID RY.ETC
657  SPECIAL YARN,TXTL.FABRIC
658  TEXTILE ARTICLES NES
659   FLO O R CO VERINGS, ETC.

Cluste r 5 : Ch e m icals
232  SYNTH ETIC RUBBER, ETC.
266  SYNTH ETIC FIBRES
267  O TH ER MAN-MAD E FIBRES
511  H YD RO CARBO NS,NES,D ERIVTS
512  ALCO H O L,PH ENO L,ETC.D ER IV
513  CARBO XYLIC ACID S,D ERIVTS
514  NITRO GEN-FUNCT.CO MPO UND S
515  O RGANO -INO RGANIC CO MPND S
516  O TH ER  O RGANIC CH EMICALS
522  INO RGANIC CH EM.ELEMENTS
523  METAL.SALTS,INO RGAN.ACID
524  O TH ER  CH EMICAL CO M PO UND S
525  RAD IO -ACTIVE MATERIALS
531  SYNTH .CO LO URS,LAKES,ETC.
532  D YEING,TANNING MATERIALS
533  PIGMENTS, PAINTS, ETC.
541  MED ICINES,ETC.EXC.GRP542
542  MED ICAMENTS
553  PERFUMERY,CO SMETICS,ETC.
554  SO AP,CLEANERS,PO LISH ,ETC
562  FERTILIZ ER ,EXCEPT GRP272
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571  PO LYMERS O F ETH YLENE
572  PO LYMERS O F STYRENE
573  PO LYMERS,VINYL CH LO RID E
574  PO LYACETAL,PO LYCARBO NATE
575  O TH .PLASTIC,PRIMARY FO RM
579   PLASTIC W ASTE, SCRAP ETC
581  PLASTIC TUBE,PIPE,H O SE
582  PLASTIC PLATE,SH EETS,ETC
583  MO NO FILAMENT O F PLASTICS
59 1  INSECTICID ES, ETC.
59 2  STARCH ES,INULIN,ETC.
59 3  EXPLO SIVES,PYRO TECH NICS
59 7  PREPRD  AD D ITIVES,LIQ UID S
59 8  MISC.CH EMICAL PRO D TS.NES
621  MATERIALS O F RUBBER
625  RUBBER TYRES,TUBES,ETC.
629   ARTICLES O F RUBBER, NES

Cluste r 6 - Leath e r and leath e r products
611  LEATH ER
612  MANUFACT.LEATH ER  ETC.NES
613  FURSKINS,TANNED ,D RESSED
831  TRUNK,SUIT-CASES,BAG,ETC
851  FO O TW EAR

Cluste r 7 - Metal and oth e r basic m anufacturing
661  LIME,CEMENT,CO NSTR.MATRL
662  CLAY,REFRCT.CO NSTR.MATRL
663  MINERAL MANUFACTURES,NES
664  GLASS
665  GLASSW ARE
666  PO TTERY
670  REST O F 67 NO T D EFINED
671  PIG IRO N,SPIEGELEISN,ETC
672  INGO TS ETC.IRO N O R  STEEL
673  FLAT-RO LLED  IRO N ETC.
674  FLAT-RO LLED  PLATED  IRO N
675  FLAT-RO LLED , ALLO Y STEEL
676  IRO N,STL.BAR,SH APES ETC.
677  RAILW AY TRACK IRO N,STEEL
678  W IRE O F IRO N O R STEEL
679   TUBES,PIPES,ETC.IRO N,STL
681  SILVER,PLATINUM,ETC.
682  CO PPER
683  NICKEL
684  ALUMINIUM
685  LEAD
686  Z INC
687  TIN
689   MISC.NO N-FERR.BASE METAL
69 1  METALLIC STRUCTURES NES
69 2  CO NTAINERS,STO RAGE,TRNSP
69 3  W IRE PRO D UCTS EXCL.ELECT
69 4  NAILS,SCREW S,NUTS,ETC.
69 5  TO O LS
69 6  CUTLERY
69 7  H O USEH O LD  EQ UIPMENT,NES
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69 9   MANUFACTS.BASE METAL,NES
8213 Me tal furniture  ne s

Cluste r 8 - Non-ele ctric m ach ine ry
711  STEAM GENER.BO ILERS,ETC.
712  STEAM TURBINES
713  INTRNL CO MBUS PSTN ENGIN
714  ENGINES,MO TO RS NO N-ELECT
716  RO TATING ELECTRIC PLANT
718  O TH .PO W R.GENRTNG.MACH NRY
721  AGRIC.MACH INES,EX.TRACTR
722  TRACTO RS
723  CIVIL ENGINEERING EQ U IPT
724  TEXTILE,LEATH ER MACH INES
725  PAPER,PULP MILL MACH INES
726  PRINTNG,BO O KBIND NG MACH S
727  FO O D -PRO CESS.MCH .NO N D O M
728  O TH .MACH ,PTS,SPCL IND UST
731  METAL REMO VAL W O RK TO O LS
733  MACH -TO O LS,METAL-W O RKING
735  PARTS,NES,FO R MACH -TO O LS
737  METALW O RKING MACH NRY NES
741  H EATNG,CO O LNG EQ U IP,PART
742  PUMPS FO R LIQ U ID S,PARTS
743  PUMPS NES,CENTRIFUGS ETC
744  MECH ANICAL H AND LNG EQ UIP
745  O TH .NO NELEC MCH ,TO O L,NES
746  BALL O R RO LLER BEARINGS
747  TAPS,CO CKS,VALVES,ETC.
748  TRANSMISSIO NS SH AFTS ETC
749   NO N-ELECT MACH .PARTS,ETC

Cluste r 9  - Com pute rs, te lecom m unications, consum e r e le ctronics
751  O FFICE MACH INES
752  AUTO MATC.D ATA PRO C.EQ U IP
759   PARTS,FO R O FFICE MACH INS
761  TELEVISIO N RECEIVERS ETC
762  RAD IO -BRO AD CAST RECEIVER
763  SO UND  RECO RD ER,PH O NO GRPH
764  TELECO MM.EQ UIP.PARTS NES

Cluste r 10 - Ele ctronic com ponents
771  ELECT PO W ER MACH NY.PARTS
772  ELEC.SW ITCH .RELAY.CIRCUT
773  ELECTR D ISTRIBT.EQ PT NES
774  ELECTRO -MED CL,XRAY EQ U IP
775  D O M.ELEC,NO N-ELEC.EQ U IPT
776  TRANSISTO RS,VALVES,ETC.
778  ELECTRIC.MACH .APPART.NES

Cluste r 11 - Transport e q uipm e nt
781  PASS.MO TO R VEH CLS.EX.BUS
782  GO O D S,SPCL TRANSPO RT VEH
783  RO AD  MO TO R VEH ICLES NES
784  PARTS,TRACTO RS,MO TO R VEH
785  CYCLES,MO TO RCYCLES ETC.
786  TRAILERS,SEMI-TRAILR,ETC
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79 1  RAILW AY VEH ICLES.EQ UIPNT
79 2  AIRCRAFT,ASSO CTD .EQ U IPNT
79 3  SH IP,BO AT,FLO AT.STRUCTRS

Cluste r 12 - Cloth ing
841  MENS,BO YS CLO TH NG,X-KNIT
842  W O MEN,GIRL CLO TH NG,XKNIT
843  MENS,BO YS CLO TH ING,KNIT
844  W O MEN,GIRLS CLO TH NG.KNIT
845  O TH R .TEXTILE APPAREL,NES
846  CLO TH ING ACCESSRS,FABRIC
848  CLO TH NG,NO NTXTL;H EAD GEAR

Cluste r 13 - Misce llaneous m anufacturing
811  PREFABRICATED  BUILD INGS
812  PLUMBNG,SANITRY,EQ PT.ETC
813  LIGH TNG FIXTURES ETC.NES
871  O PTICAL INSTRUMENTS,NES
872  MED ICAL INSTRUMENTS NES
873  METERS,CO UNTERS,NES
874  MEASURE,CO NTRO L INSTRMNT
881  PH O TO GRAPH  APPAR.ETC.NES
882  PH O TO .CINEMATO GRPH .SUPPL
883  CINE.FILM EXPO SD .D EVELPD
884  O PTICAL GO O D S NES
885  W ATCH ES AND  CLO CKS
89 1  ARMS AND  AMMUNITIO N
89 2  PRINTED  MATTER
89 3  ARTICLES,NES,O F PLASTICS
89 4  BABY CARRIAGE,TO YS,GAMES
89 5  O FFICE,STATIO NERY SUPPLS
89 6  W O RKS O F ART,ANTIQ U E ETC
89 7  GO LD ,SILVERW ARE,JEW L NES
89 8  MUSICAL INSTRUMENTS,ETC.
89 9   MISC MANUFCTRD  GO O D S NES
8211,  8212, 8217, 8218 O th e r furniture .

Cluste r 14 Pe troleum  products
334  PETRO LEUM PRO D UCTS

EXCLUD ED : Mine rals
272  FERTILIZ ERS, CRUD E
273  STO NE, SAND  AND  GRAVEL
274  SULPH UR,UNRSTD .IRO N PYRS
277  NATURAL ABRASIVES, NES
278  O TH ER  CRUD E MINERALS
281  IRO N O RE, CO NCENTRATES
282  FERRO US W ASTE AND  SCRAP
283  CO PPER O RES,CO NCENTRATES
284  NICKEL O RES,CO NCTR,MATTE
285  ALUMINIUM O RE,CO NCTR.ETC
286  URANIUM,TH O R IUM O RES,ETC
287  O RE,CO NCENTR.BASE METALS
288  NO N-FERRO US W ASTE,SCRAP
289   PREC.METAL O RES,CO NCTRTS
321  CO AL,NO T AGGLO MERATED
322  BRIQ U ETTES,LIGNITE,PEAT
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325  CO KE,SEMI-CO KE,RET.CARBN
333  PETRO LEUM O ILS, CRUD E
335  RESID UAL PETRO L.PRO D UCTS
342  LIQ U EFIED  PRO PANE,BUTANE
343  NATURAL GAS
344  PETRO LEUM GASES, NES
345  CO AL GAS,W ATER GAS, ETC.
351  ELECTRIC CURRENT
667  PEARLS,PRECIO US STO NES
269   W O RN CLO TH ING,TEXTL.ARTL
9 11  MAIL NO T CLASSED  BY KIND
9 31  SPEC.TRANSACT.NO T CLASSD
9 61  CO IN NO NGO LD  NO NCURRENT
9 71  GO LD ,NO NMO NTRY EXCL O RES
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7. Appendix 3: parameter estimates for the 14 industry clusters

Cluste r Inte rce pt GNPi GNPj GNPH i GNPH j D ijR Lcij LO ME CO M ESA AND EAN CACM CARICO M
1 -24.3389 1.1675 1.0612 -0.5205 0.3163 -1.4843 0.5312 1.2033 1.3580 (0.5734) 2.479 2 4.259 2
2 -29 .39 04 1.2185 0.8359 0.2873 0.2886 -1.5701 0.9 231 1.9 482 1.6453 2.2663 3.739 7 6.89 34
3 -26.2526 1.0682 0.789 5 0.2518 0.09 24 -1.7887 0.4231 1.19 9 5 1.0271* 1.1887** 2.7776 5.4456
4 -27.6179 1.5208 0.7529 -0.1437 0.1541 -1.439 1 0.89 48 (0.0535) 1.8032 0.9 510* 2.7049 (1.3710)
5 -31.19 00 1.4533 0.89 86 0.6464 -0.1418 -1.5704 0.9 271 -0.569 4 1.4555 1.0311** 3.6027 6.2426
6 -27.3513 1.2618 0.7371 -0.071** 0.3189 -1.2211 0.5054 -1.1648 1.4149 0.829 5* 3.6272 4.479 1
7 -31.7824 1.5553 0.8776 0.4226 (-0.0009 ) -1.5635 0.7364 (-0.2532) 1.2757 1.9 9 9 1 3.39 01 5.9 659
8 -30.5827 1.3485 0.79 9 6 0.6571 -0.0827 -1.4201 0.7346 (0.09 58) 1.2366 0.89 00* 2.3450 4.219 3
9 -31.8165 1.3044 0.6285 0.679 2 0.249 9 -1.0316 0.69 23 (-0.3347) 1.6664 (-0.6043) 1.9 022 (1.0667)
10 -31.3286 1.3372 0.679 4 0.6669 0.139 8 -1.2827 0.7663 -1.0452 0.9 9 85* (0.3481) 3.6519 5.9 440
11 -28.1046 1.2674 0.6125 0.4334 0.1062 -1.439 7 0.4482 -0.479 ** 1.2285** 1.0280* 1.7604 (2.4137)
12 -29 .0062 1.1306 0.69 02 (-0.0059 ) 0.7106 -1.3080 0.719 3 0.4682* 1.4451 (0.5056) 2.2159 3.9 141**
13 -31.7240 1.3516 0.7582 0.449 0 0.3423 -1.309 7 1.1110 (0.0050) 1.679 6 1.0136** 3.4557 5.4234
14 -17.8206 0.5301 0.5362 0.2085 -0.09 19 -1.8201 0.225** -0.49 7** (0.039 3) 1.2644** (0.2323) 7.2128
9 9 -28.1310 1.3332 1.0534 0.2616 0.1866 -1.4046 0.8343 1.6043 1.49 09 1.0037 2.8232 5.6887

Significance  le ve l:
By de fault, all coe fficie nts are  s ignificantly diffe re nt from  0 at th e  1% le ve l.
(~ ): Not significantly diffe re nt from  0 at th e  10%  le ve l
**: Significantly diffe re nt from  0 at th e  5%  le ve l
*: Significantly diffe re nt from  0 at th e  10%  le ve l
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