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Abstract

The study applies an “augmented” gravity equation to exports of transport equipment (SIC29
and SIC30) to a number of countries. The study uses a methodology applied in Cheng and
Wall (2005), which entails two-stages. In the first stage a fixed effects panel data model is
estimated. The estimated fixed effects are then regressed on a set of variables that are
constant over the sample period (1994-2003) such as distance, language etc. The study
utilises moving block bootstrap to check the validity of first-order asymptotic theory results.
Using exports data for 77 countries (SIC 29) and 54 countries (SIC30), the study finds that, a
number of variables, namely, importer income, population, exchange rate, distance, English
language and are important determinants of bilateral trade flows. The estimated model is

useful for forecasting (potential trade) trade flows and policy simulations.
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1. Introduction

South Africa's transport industry has become an increasingly important contributor to
the country's gross domestic product and exports. The contribution of exports of
motor vehicle parts and accessories and other transport equipment to South Africa’s
merchandise exports to the rest of the world grew from 2.8 per cent in 1994 to 9.2 per
cent in 2004.

A number of multinational original equipment manufacturers (OEMSs) are located in
South Africa and make a sizeable contribution to the local industry. Gauteng is home
to BMW, Nissan, Fiat, and Ford (assembly of Mazda, Volvo and Land Rover).
Toyota is located in KwaZulu Natal while Volkswagen SA, Daimler Chrysler SA, and
Delta Motor (to be changed to General Motors) Corporation are located in the Eastern
Cape.

A number of initiatives have been put in place to address supply and demand-side
problems. These include, among others, establishment of the Motor Industry
Development Centre (MIDC) in 1996 as a forum to develop policy and encourage
better communication and co-operation among all role players in the industry;
fostering cordial bilateral and multilateral trading relations, multilateral trade
negotiations in the context of WTO with a view to reducing tariff and non-tariff

barriers to exports.

Given the role that transport sector plays in South Africa’s economy and government
initiatives to address some of the problems it faces, it is important from a trade policy
perspective to determine the potential exports of transport equipments to different
countries. A gravity model can be used for such purpose. In its basic form, the
gravity model states that the amount of trade between countries increases with their
size as measured by national incomes and decreasing with the cost of transportation
between them, proxied by the distance between their economic centres. The gravity
model of trade has been used for policy simulation including regional trading groups,

currency unions, political blocs etc.



The standard approach is to model these events and policies as deviations from the
volume of trade predicted by a baseline gravity model. This means that the critical
policy issues in the transport sector in South Africa can be analysed using the gravity
model. In this context, the gravity can predict the trade flows (within-sample) given
certain conditions and provide policy simulations, which can be useful for MIDC’s
and DTI’s transport export promotion strategies.

2. Theoretical foundations of the gravity equation

The gravity model, with foundations in the physical sciences, has consistently proved
to be a useful tool for the analysis of bilateral trade flows. Isaac Newton originally
devised the model to explain gravitational force in the universe, theorising that the
gravitational pull between two celestial bodies is positively related to the product of
their masses and inversely related to their distance apart. Similarly, in its simplest
form, the gravity model as applied to trade, predicts that the amount of trade between
two economies will be positively related to the product of their outputs (a measure of

size or mass), and negatively related to the distance between them.

The gravity model, first applied to international trade by Tinbergen (1962) and
Pdyhonen, (1963), has been used in the social sciences since the latter half of the
nineteenth century to explain migration and other social flows in terms of the
“gravitational forces of human interaction”. Gravity models were originally

introduced as theoretical, albeit plausible, empirical models.

Despite the widespread empirical and policy use, the theoretical foundation has been
controversial. Many theories have been developed to support the gravity model.
Table 1 in Oguledo and Macphee (1994:108-110) present the results from different
gravity models.

The first theoretical justification for the gravity model emanates from gravitational
forces in physics. Newton’s law states that all objects attract each other with a force
of gravitational attraction. This force of gravitational attraction is directly dependent
upon the masses of both objects and inversely proportional to the square of the

distance, which separates their centres. This law can be stated symbolically as;
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Where F__  represents the force of gravity between two objects and G represents

grav
universal gravitational constant. M, and M, represent the mass of object 1 and 2

respectively while d represents the distance separating the two objects’ centres.

According to this approach, the flow of goods from one country (object 1) to another
(object 2) equals the product of the potential trade capacities of the two countries
divided by a resistance or distance factor. Isard and Peck (1954) and Beckerman
(1956) used this framework and found that distance played a significant role in trade

flows.

The second approach has its roots in the Walrasian general equilibrium model. In this
model, each country has its own supply and demand functions for all goods but
aggregate income is proxied by importing country demand and exporting country
supply. Using this approach, the gravity model is a reduced-form equation for trade
volume in which prices do not appear because they are endogenous. Transport costs
are proxied by geographic distance, which in line with Newton’s law, drive a wedge
between demand and supply. This approach was used by, among others, Tinbergen
(1962), Poyhonen, (1963). They found that incomes of the trading partners and the
distances between them are statistically significant and have the expected positive and
negative signs respectively. Other studies such as Bergstrand (1985, 1989) include

size.

The third explanation for the gravity equation is based on the probability model. This
model assumes that customers are assigned to suppliers in a random manner.
Sattinger (1978) predicts trade flows between countries, where trade flows are treated

as stochastic events.

The fourth approach is based on micro-foundations and postulates that the assumption
of perfect product substitutability of the standard gravity model is flawed since
empirical evidence support product differentiation on the basis of place of origin.
Consequently excluding price variables results to misspecification of the gravity

equation (Oguledo and MacPhee, 1994: 112). This means that price variables should



be included. Oguledo and MacPhee (1994) develop the following fully blown gravity

model;

U
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Where M is the foreign price value (e.g. US dollars) of imports of goods by country
i from country j, Y; and Y; are the importer and exporter income respectively, N; and
N, are importer and exporter population respectively, P, and P, are the price levels
respectively, TC; is the distance between the trading partners, d; are the preferential

dummy variables and U;; is a log-normal white noise error term.

Figure 1 provides a graphical representation of the gravity equation. It shows that
potential supply and demand are determined by the sizes of the economies and these
predict the potential trade flows between the countries. This flow is subject to certain

trade resistance factors that are mitigated by trade arrangements.

Figure 1: The gravity model
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2.4 Model specification

The study follows the approach of Oguledo and MacPhee (1994) and Cheng and Wall
(2005) and specifies a generalised gravity panel model as follows;

In Xy, =Cq + B, INEX, + B, INGDP;, + B, InGDPSA, + 3, InPop 3
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Where X, refers to South Africa’s exports to country j, EX, is exchange rate

ijt
between South Africa and country j (Rand/foreign currency). The exchange rate is

used as a proxy for relative prices. GDP; is importer domestic product, GDPSA, is
South Africa’s GDP, Pop,is importer population, PopSA,is South Africa’s

population.

The error term, &, is decomposed as a one-way error component model i.e.

gy = pM; +vy . Where u; are the country-specific effects while v;; is a white noise

ijt
residual. The country-specific effects ( ;) are time-invariant characteristics of the

different countries. These include all the factors that are unique to each country but
not included in the gravity model.

2.5 Estimation and statistical inference methodology

2.5.1 Estimation

In line with Cheng and Wall (2005), the gravity equation is estimated in two steps. In
the first stage, equation 3 is estimated for two transport sectors (motor vehicles, parts
& Accessories and other transport). A fixed effects model (FEM) is used since
interest is on estimating trade flows between ex ante predetermined selection of

nations.

In the second step, the estimated fixed effects are regressed on the distance, dummies
for language, FTA agreements etc (Equation 4);



iy =a, +a,Dis; +a,lang; + a,EU | + o, AFR; + a;NAFTA, +a,MERC; +u; (4)
Where [zij are the estimated country-specific effects from Equation 3, Dis; is the
distance in KM between Pretoria and trading partner capital city, Lang; is English
language dummy. Trading partners, whose official language is English are coded 1
and O otherwise. EU; is European Union dummy (EU members coded 1 and 0
otherwise), AFR; is African dummy (African countries coded 1 and O otherwise),
NAFTA, is North Atlantic Free Trade Agreement dummy (NAFTA members coded 1
and 0 otherwise), MERC; is MERCOSUR FTA dummy (MERCOSUR members

coded 1 and 0O otherwise).

The second step is predicated on the fact that in a fixed effects model, it is not
possible to directly estimate variables that do not change over time because the
inherent WITHIN estimation transformation (demeaning variables) wipes out such
variables. Additionally, using the least squares dummy variable (LSDV) method, the
variables will be perfectly collinear with dummy variables used in the fixed effects.

2.5.1 Statistical inference using moving block bootstrap

Bootstrap methodology, introduced by Efron (1979), is used because it provides a
more reliable estimator of the true Type | critical values than the approximation of
first-order asymptotic theory (Horowitz and Savin, 2000, Horowitz, 2001).
According to Mooney and Duval (1993: 1), bootstrapping uses the analogy between
the sample and the population from which the sample was drawn.

The bootstrap allows inferences to be made without making strong distributional
assumptions about the statistics. Instead of imposing a shape on ,5 ’s sampling

distribution by assumption, bootstrapping entails empirically estimating its entire
sampling distribution (i.e. the empirical distribution function) by examining the

variation of the statistic in the bootstrap sample.



Bootstrap tests cannot be relied upon if there is serial correlation in the residuals. If
the bootstrap is to work well, we need to generate bootstrap error terms that display
the same sort of serial correlation as the real ones. This is done by block bootstrap.
We use the moving block bootstrap (MBB), presented by, Kinsch (1989) and Politis
and Romano (1994), and Mackinnon (2002). The procedure entails the following.
First, a block b length is selected (b < n). Second, n blocks of b residuals are formed,
which overlap. Third, bootstrap errors are generated by resampling the blocks with
replacement. Fourth, a response variable (bootstrapped exports) is constructed by
adding the residuals on the fitted values. Fifth, the bootstrap response function is
regressed on the regressors in equation 3 and estimated coefficients stored. The
process from step one to step five is repeated 3000 times. Sixth, percentile method is

used to construct confidence intervals.

3. The data

Exports data are collected from Quantec research (http://ts.easydata.co.za), distance
data are collected from http://www.indo.com/distance/. GDP, population, oil and
exchange rate are collected from IFS.

4. Panel unit roots

The test for panel unit roots can be classified into two groups. The first class of tests
assumes that the autoregressive parameters are common across countries. The Levin,
Lin, and Chu (2002), Breitung (2000), and Hadri (2000) tests all employ this
assumption. The first two tests employ a null hypothesis of a unit root while the

Hadri test uses a null of no unit root.

The second class of tests allows the autoregressive parameters. The Im, Pesaran, and
Shin (1995,2003), and the Fisher-ADF and PP tests (Maddala and Wu (1999) and
Choi (2001) all allow for individual unit root processes. The tests are all constructed

by combining individual unit root tests to derive a panel-specific result.

The unit root tests results are presented in Tables 7 and 8. All the variables except
South Africa’s GDP are stationary. Consequently, this variable is excluded in the

subsequent regressions.


http://ts.easydata.co.za/
http://www.indo.com/distance/

5. Estimation results
5.1 Motor vehicles, parts & accessories (SIC 29)

Table 1 reports estimation results for the first-order asymptotic theory and block

bootstrap.  The first-order asymptotic theory results are straightforward but the

bootstrap results need some clarification. A variable is significant if zero is not

contained in the confidence intervals. The last column is standardised bias computed

as follows;

p-1
S

i

Bias =

()

Where ,3 is the first-order asymptotic theory estimate, [3 is the bootstrap coefficient

and S i is the bootstrap standard error. If the standard deviation is much greater than

the bias, the latter can be disregarded since the random error will overwhelm it. Efron
(1982:8) suggests that when the ratio of the estimated bias to the standard error is less

than 0.25, the bias of ,3 is not a serious problem. The results show that exchange rate
coefficient is biased. Mooney and Duval (1993:33) warn against subtracting the
bootstrap estimate of the bias from the sample ,3 in an attempt to achieve an unbiased

estimate of £.

The model explains a significant variation in South Africa’s exports of motor

vehicles, parts and accessories as shown by the high adjusted R*. The Durbin-
Watson statistic shows presence serial correlation problem in the model and this
motivates the use of block bootstrap. Although the Hausman test suggests a random
effects model (REM), FEM model is preferred since it provides useful policy
information. The redundant fixed effects test shows that the country-specific effects
are important. The empirical distribution functions (EDF) in Figure 2 show that in all
variables asymptotic normality assumption is not valid. Consequently, our analysis

relies on the block bootstrap results.



The importer income is significantly positive as expected positive sign. This means
that a rise in income, given a relatively high marginal propensity to import, will lead
to an increase in imports (Ceteris Paribus). Income elasticities are close to unity as

predicted by theory.

The importer population is negative but not significant. South Africa’s population has
a significant positive effect on transport exports. This means that the large population
implies large domestic market, which creates opportunities for exports of

differentiated transport equipment.

The oil price has a negative but insignificant effect on exports. The exchange rate has
a significant positive effect on exports. This implies that a depreciation of the rand
against foreign currencies by 1 per cent leads to a 0.05 per cent rise in exports of

manufactured transport.

The estimates for country-specific effects from first-order asymptotic theory block
bootstrap are presented in the appendix (Table 4 and 5). The last column shows that
the fixed effects coefficients for Cameroon, Cote d’lvore, Mali and Saudi Arabia are
biased (shaded). The country-specific effects are all the factors that are unique to
each country but not included in the gravity model. On one hand the results show that
there are unobservable unique characteristics of each country that enhance South
Africa’s exports of motor vehicle, parts & accessories to Angola, Australia, Belgium,
D.R Congo, Ghana, Kenya, Madagascar, Malawi, Mozambique, Netherlands,
Uganda, Tanzania, Zambia and Zimbabwe. On the other hand, there are
unobservable country characteristics that tend to inhibit South Africa’s exports of
motor vehicles, parts & accessories to Austria, Chile, Czech republic, Finland, Oman,
Peru, Poland, Saudi Arabia.

The second stage regression tries to determine some of the factors that explain the

fixed effects. Table 3 reports the results in which the country-fixed effects in Tables 4

and 5 are regressed on distance, English language dummy etc. The high R* means

that the variables included are the main determinants of the country-specific effects.
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Table 1: WITHIN FEM Estimation for motor vehicles, parts & accessories (SIC 29)

First-order asymptotic theory Block bootstrap results (3000 replications)

results

Variables Estimate Standard | t-value | Estimate Standard Confidence Interval % Standardised

error error (Percentile method) bias
Intercept -106.48*** | 11.117 -107.63*** 27.95 [-180.07, -41.88] 0.04
Importer GDP 0.93*** 0.179 0.947%** 0.25 [0.26, 1.37] -0.04
Importer population -1.17 0.937 -1.02 1.74 [-3.82, 1.98] -0.09
Population for South Africa 6.71%** 0.80 6.62*** 6.62 [4.25, 9.08] 0.01

Crude oil prices (US/barrel) -0.26* 0.14 -0.26 0.28 [-0.78, 0.17] 0.00
Exchange rate (Foreign/Rand) 0.06** 0.03 0.05*** 0.02 [0.004, 0.109] 0.50
Weighted diagnostic statistics
R? 0.99533

Durbin-Watson 1.4669
Redundant fixed effects 1124.66(0.0000)
Hausman test 5.7567(0.3306)

Notes: (i) Country-specific effects are reported in Tables 4 and 5
(ii) ***, ** and * refer to significance at 1%, 5% and 10% respectively

(iii) Estimation done with cross-section weights

11



Table 2: WITHIN FEM Estimation for other transport (SIC 30)

First-order asymptotic results Block bootstrap results (3000 replications)

Variables Estimate Standard | t-value | Estimate Standard Confidence interval % Standardised
error error (Percentile method) bias

Intercept -18.99 17.481 -19.54 30.65 [-70.19, 31.03] 0.04

Importer GDP 1.26*** 0.281 1.34*** 0.296 [0.48, 2.02] -0.04
Importer population -5.08*** 1.902 -5.25%** 1.121 [-7.92,-2.35] -0.09
Population for South Africa 4.92%** 1.581 4.99** 2.04 [0.99, 9.14] 0.01

Crude oil prices (US/barrel) -0.44** 0.218 -0.43 0.42 [-1.19, 0.25] 0.00
Exchange rate (Foreign/Rand) 0.09* 0.053 : 0.09** 0.04 [0.01, 0.16] 0.5
Weighted diagnostic statistics
R? 0.9887

Durbin-Watson 1.922
Redundant fixed effects 29.506(0.000)
Hausman test 19.701(0.0014)

Notes: (i) Country-specific effects are reported in Table 6
(i) ***, ** and * refer to significance at 1%, 5% and 10% respectively

(iii) Estimation done with cross-section weights
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Table 3: Second stage regression of FE on dummies

Motor vehicles, parts & | Other transport
accessories (SIC 29) (SIC 30)

Variable Coefficient | t-value Coefficient | t-value

Intercept -1.23%** -15.55 -6.15*** -11.96

Distance (KM) -3.94e-05*** | -3.44 0.00*** 6.75

English language dummy 1.35%** 17.51 2.89*** 15.29

EU member state dummy 1.46%** 11.97 1.11%** 3.44

African member state dummy 2.42%** 27.43 4.80*** 2.84

NAFTA member state dummy 1.45%** 9.18 5.79%** 4.88

MERCOSUR member state dummy | 1.09*** 6.69 2.15%** 6.40

Weighted diagnostic statistics

R? 0.98027 0.862

Notes: (i) ***, ** Refer to significance at 1% and 5% respectively

(i) Estimation done with cross-section weights
(iiif) Durbin-Watson statistic cannot be computed since the variables are time

invariant

First, the distance has the expected negative sign implying that countries, which are
further a way from South Africa would tend to have country-specific effects that are
inimical to exports. Second, South Africa tends to export more to English speaking
countries. This has implication on the language policy in South Africa. Third, South
Africa exports more to EU, Africa, NAFTA and MERCOSUR member states.

5.2 Other transport (SIC 30)

Table 2 reports the results of the gravity for other transport equipment. The model
explains a significant variation in the exports of other transport as shown by the high
adjusted R®. The Durbin-Watson statistic shows that there is no problem of serial
correlation in the model. The Hausman test suggests a FEM while redundant fixed
effects test shows that the country-specific effects are important. The EDFs of most

variables (Figure 3) are not normally distributed implying that first-order asymptotic
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theory results not be appropriate. Consequently, the analysis is done using bootstrap
results. The coefficients for all the variables are unbiased.

The importer income has the expected significant positive sign. This means that an
increase in trading partner income leads to an increase in South Africa’s exports of
other equipment. The income elasticity is close to unity as predicted by theory.

The importer population has a negative effect on exports. This can be rationalised by
the fact that a large population may indicate a large resource endowments, self-
sufficiency and less reliance on South African transport equipment. South Africa’s
population has a significant positive effect on transport exports. This means that the
large population implies large domestic market, which creates division of labour and

thus opportunities for a wide variety of transport equipment exports.

The oil price has a negative but insignificant effect on exports. The exchange rate has
a significant positive effect on exports.  This implies that a depreciation of the
exchange rate by 1 per cent rise leads to a 0.05 per cent rise in exports of

manufactured transport.

The first-order asymptotic theory as well as bootstrap country-specific effects
coefficients are presented in Table 6. The last column shows that the fixed effects
coefficients for Australia, Belgium, Cameroon, D.R.Congo, Greece, Hong Kong,
India, Madagascar, Malaysia, Norway, and Tanzania are biased (shaded).

The results show that there are unobservable unique characteristics of each country
that enhance South Africa’s exports of other transport to Angola, Cameroon, Canada,
China, D.R Congo, France, Germany, Ghana, India, Iran, Italy, Japan, Kenya,
Madagascar, Malawi, Malaysia, Mozambique, Nigeria, Pakistan, Spain, Sudan,

Tanzania, United Kingdom, United States, Zambia and Zimbabwe.

There are also unobservable country characteristics that tend to inhibit South Africa’s
exports of other transport to Austria, Belgium, Chile, Comoros, Congo, Czech
republic, Denmark, Gabon, Greece, Hong Kong, Ireland, Israel, Mauritius, Norway,

New Zealand, Portugal, Sierra Leone, Singapore, Sweden, Switzerland.
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Table 3 shows the results for the second stage regression, which are quite similar to
those for the motor vehicle, parts and accessories (SIC 29). First, the distance has the
expected negative sign implying that countries, which are further a way from South
Africa would tend to discourage exports. Second, South Africa tends to export more
to English speaking countries. Third, South Africa exports more to EU, Africa,
NAFTA and MERCOSUR member states.

6. Conclusion

This paper attempts to apply an augmented gravity model to annual bilateral exports
between South Africa and her trading partners in transport equipment (SIC 29 and
SIC 30). The paper utilises the methodology used in Cheng and Wall (2005), which
aims to estimate fixed effects and variables that are constant over the sample size.
The paper employs moving block bootstrap with a view to estimating appropriate

Type I error critical values. A number of conclusions emerge from the study.

First, importer income has the expected positive influence on bilateral trade flows for
transport. The income elasticities are close to unity as expected by theory. Second,
trading partner population has negative effect for other transport (SIC 30) implying
that South Africa exports more to smaller countries. South Africa,s population has a
positive relationship with exports. Third, transport costs tend to hamper South
Africa’s exports of transport equipment. Fourth, South Africa tends to export more to
English speaking countries than non-English-speaking countries. Fifth, there are
some country-specific factors that are inimical to South Africa’s exports of transport
equipment to some countries. The estimated model can be useful for forecasting
(potential) trade flows and policy simulations.
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APPENDICES

Table 4: Fixed effects for motor vehicle, parts and accessories (SIC 29)

Hrst-Order Asymptotic
Theory Resullts Block Bootstrap Results(3000 Replications)
Standardised

Country Estimate Estimate Standard Error  [Confidence Interval ~ |% |bias

Angola 2.89 2.9 049[[1.74, 4.27}* 1] 005
Agentina -051 -0.70 1.24|[-2.78, 1.31] 10 015
Australia 243 237 0.58|[0.81, 3.747* 1 011
Austria Y 321 146[-5.53, -0.71]* 19 001
[Beigium 1.91] 187 1.09([0.19 3.75]* 10 003
[Brazi 239 187 3.79|[4.55, 8.01] 10 0.14
[Burundi 052 023 1.44|[-2.61, 2.14] 10 020
Cameroon 039 062 0.80|[-081, 1.79] o
Canada 072 083 0.99|[-256, 0.76] 10 0.16
Chile  aA 179 0.31|[-247, 093 1 017
China 500 413 722|818, 1587] 10 0.12
Colombia 093 112 1.65|[-3.87, 1.5] 10 0.09
Comoros 334 279 542|[-11.52, 6.39] 10 -0.10
Congo -067 030 251|[-4.43, 3.89] 10 015
Cote divoire 028 050 0.53|[-0.36,1.37] ol
Oyprus -359 32 5.13|[-11.31, 5.69] 10 007
CzechRepubic [ A -2.89 0.95|[-4.89, -0.36]** 1 015
[DRCongo 409 39 2.23|[0.10, 754 10 007
{Denerk -363 -346 213|[-691,0.12] 10 003
[Egypt 063 0.42) 231|[-355, 4.14] 10 0.09
|Ethiopia 033 027 263|[-4.23 4.36] 10 004
[Fii 555 500 4.95|[-12,96, 3.46] 10 011
[Fniand .| 433 2.12|[-7.63, 064 19 0,05
[France 0.60) 0.29 198|[-3.03, 353 10 0.16
Gabon 193 -161 4.31|[-855,5.64] 10 009
Gemery 3% 363 253|[-069, 7.73] 10 013
Ghana 234 244 0.90{[0.53, 4.0 5 011
Greece -106 -101 0.89|[-242, 0.49] 10 005
|Hong Kong(China) 042 039 1.83|[-3.36, 2.69] 10 002
[india 408 343 6.89|[-8.48, 14.44) 10 0.09
[indonesia 035 003 4.33|[-7.37, 7.11 10 007
firan 192 207 234|604, .74 10 0.0
fireland 282 261 261|[-6.80, 1.86] 10 003
[israel 162 144 1.82|[-4.26, 1.69] 10 -0.10
[italy 1.12) 085 1.98|[-2.44, 4.07] 10 014
[9apan 1.63 113 3.22|[-4.34, 6.27] 10 0.16

Notes: (i) Shaded cells in column 2 refer to significant negative fixed effects
(ii) Shaded cells in last column refer to biased coefficients (standardised bias greater than 0.25)
(i) *, ** and *** refer to 10%, 5% and 1% significance respectively
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Table 5:Fixed effects for motor vehicle, parts and accessories(SIC 29)-Continued

TRTst-Order Asymptotic
Theory Results Block Bootstrap Results(3000 Replications)
Sandardised

Country Estimate Estimate Standard Eror  |Confidence Interval  |%  [bias

Kerya 4.3 430 1.28][0.94, 7.267* 1] 004
[Madagascar 175 178 062([0.23, 341> 1] -005
[Velawi 569 574 0.86[3.69, 8,29 1] 009
[Velaysia 091 091 057/[-0.04, .83 10 001
[vali 052 07§ 087066220 10 027
[vaita 514 453 6.19[-14,38, 6.03) 10 -010
[Mewitius 084 122 4.30|[-565,864] 10 009
[Vexico 03 07 292[5.75, 3.96] 10 014
[Morocco -091] 097, 107|[-283,071] 10 005
IMozarbique 585 587 0.77[[389, 7.67)** 1 003
Netherlands 153 145 058/[0.03, 3,04 1] 013
New Zealand 015 000 2.55([4.09, 4.42] 10 009
Nigeria 271 245 356[-368, 807] 10 007
Omen 633 329|[-1152, 057 10 -00d
Pakistan -156 370/[-7.78, 4.29] 10 011
Peru -385 0.84|[-5.92, -L83* 1] 023
Philippines 228 273692, 2.07] 10 005
Poland 393 164/[-8.36, -0.12]* 1] 019
Portugal . 085 097[-2.34,0.86] 10 000
Republic of Korea 0.6 009) 163|[-262, 274 10 010
Russian Federation 193 247 367][-8.70,3.35] 10 015
Rnanda 071 043 130|[-263, 1.70] 10 021
Sao Tome and Principd 3 240 753[-14, 1044 10 011
Saud Avatia - 198 053355, 070 10/
Seychelles 239 -149) 875|[-1546, 1358] 10 -010
SerraLeone 0.9 003 1.96{[-4.60, 5.11] 1] 013
Singapore 061} 079 2.56|[-3.35, 5.11] 10 -007
Spain 122 0 142|[-141,327] 10 0
Si Lanka 03] 031 054|059, 1.23] 10 000
Sneden 199 -183 1.41|[-4.20,0.48) 10 -009
Switzerland -317] 321 179[-5.96, 0.16] 10 002
Thailand 113 108 2.23[-2.96.4.56] 10 002
Turkey 090 -110 2.29|[5.04, 259] 10 00d
Uganda 2.41) 245 097[0.31, 4.16]* 5 00
United Avab Bivirates -146) 12 298/[-5.97, 393 10 -00d
United Kingdom 325 295 200/[-0.48, 6.14] 10 015
United Republic of Tan] 399 38 1.50{[0.69, 6.56]* 5 007
United States 347 289 4.45)[-456, 10.17] 10 013
\Venezudla 323 0.65][-5.01, -1.85** 1] 017
Zabia 497 507, 085[3.12, 7.391** 1] 013
Zimbalone 545 549 059[4.09, 7.16]** 1] -007

Notes: (i) Shaded cells in column 2 refer to significant negative fixed effects
(ii) Shaded cells in last column refer to biased coefficients (standardised bias greater than 0.25)
(iii) *, ** and *** refer to 10%, 5% and 1% significance respectively
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Table 6:Fixed effects for other transport (SIC 30)

First-Order Asymptotic
Theory Results Block Bootstrap Results(3000 Replications)
Standardised

Country Estimate Estimate Standard Error |Confidence Interval % |bias
Angola 3.24] 3.36 0.60|[1.54, 4.75]** 1 -0.20]
Argentina 0.34] 0.25 0.93|[-1.24, 1.84] 10 0.10}
Australia 0.22 0.07 0.56([-0.80, 1.08] 10
Austria 7.21 -7.32 1.20|[-10.32, -4.35]"** 1 009
Belgium -2.86 -3.10 0.81][-5.02, -0.96]* 1
Cameroon 1.20] 1.60 0.86)[0.03, 2.89]* 10
Canada 2.52 247 0.92([0.48, 4.97]*** 1 0.05)
Cote d'lvoire -0.89 -0.76 0.75|[-1.96, 0.51] 10 -0.17]
China 16.72 17.30 4.61|[5.31, 28.99]*** 1 -0.12]
Chile -1.45] -1.41 0.26([-2.05, -0.76]*** 1 -0.15]
Comoros -12.78 -12.89 3.55|[-21.76, -4.14]** 1 0.03}
Congo -6.08| -6.04 1.85|[-10.96, -1.63]*** 1 -0.02]
Czech Republic -6.95| -6.90 0.67|[-8.29, -5.13]*** 1 -0.08]
Denmark -8.79 -9.08 1.51|[-12.82, -5.19]*** 1 0.19
D.R congo 9.56) 9.97 1.64|[5.71, 13.76]** 1
Egypt 2.28 2.44 1.73|[-0.39, 5.23] 10 -0.09)
France 541 5.47 1.46|[2.02, 9.25]*** 1
Gabon -11.02] -11.06 2.85|[-18.31, -3.78]*** 1
Germany 6.21 6.20 1.75|[1.84, 10.61]*** 1
Ghana 3.33 3.80 0.81|[1.40, 5.64** 1
Greece -4.46| -4.76 0.72|[-6.45, -2.91]*** 1
Hong Kong(China) -6.30, -6.76 1.27|[-9.82, -3.58]*** 1
India 16.31 16.63 4.32|[5.52, 27.04]> 1
Iran 3.80 3.93 1.62|[0.80, 7.03]** 5
Ireland -8.43 -8.71 1.67|[-12.85, -4.50]*** 1
Israel -4.84 -5.04 1.18|[-7.85, -1.83]*** 1
Italy 3.36 3.14 1.45|[0.48, 6.127 1
Japan 3.87 3.88 2.19|[0.36, 7.621* 5 .
Kenya 7.14] 7.36 0.92|[4.89, 9.43]* 10 -0.24]
|Madagascar 2.67 2.90 0.78|[0.68, 4.72] 1
[Malawi 2.69 2.87 0.97[[0.02, 5.09]* 11 019
IMalaysia 2.00 2.19 0.54|[0.98, 3.53]* 1
|Mauritius -9.30 -9.56 2.81|[-16.61, -2.41]"** 1 0.09|
|M0rocco -0.65| -0.59 0.95([-2.19, 0.94] 10 -0.07]
IMozambique 4.86 5.05 0.85|[2.69, 7.08]** 1 -0.22)
Netherlands 0.41 0.43 0.85|[-0.95, 1.86] 10 -0.03]
Nigeria 9.56 9.86 2.34|[3.55, 15.03]*** 1 -0.13]
Norway -9.45) -9.97 1.96|[-14.66, -5.02]** 1
New Zealand -1.77 -8.00 1.65|[-12.03, -3.77]** 1 0.14]
Pakistan 8.52 8.75 2.50|[2.08, 14.71]** 1 -0.09)
Portugal -4.39 -4.53 0.64|[-6.03, -2.74]*** 1 0.22]
Seychelles -20.63 -21.14 5.60|[35.26, -6.72]** 1 0.09|
Sierra Leone -5.06| -4.78 1.49|[-8.82, -1.35]*** 1 -0.19
Singapore -6.25 -6.55 1.65|[-10.59, -2.21] 1 0.18
Spain 2.96) 2.84 1.06|[0.45, 5.74]*** 1 0.114
Sri Lanka -0.11] -0.17 0.50|[-0.99, 0.65] 10 0.13]
Sudan 5.16 5.15 1.25([1.76, 7.95** 1 0.00)
Sweden -4.65 -4.88 1.11|[7.55, -2.017 1 0.21]
Switzerland -4.82 -5.07 1.20|[-7.79, -1.81]"* 1 0.21]
Tanzania 6.46 6.84 1.08[[3.94, 9.34] 1
United Kingdom 6.00] 5.91 1.52|[2.40, 9.98]*** 1 0.06}
United States 12.90] 12.94 3.00][5.66, 20.56]*** 1 -0.01]
Zambia 2.38] 2.52 0.89][0.06, 4.43]*** 1 -0.15]
Zimbabwe 3.31 3.44 0.60|[1.75, 4.75] 1 -0.22

Notes: (i) Shaded cells in column 2 refer to significant negative fixed effects
(ii) Shaded cells in last column refer to biased coefficients (standardised bias greater than 0.25)
(iii) *, ** and *** refer to 10%, 5% and 1% significance respectively



Figure 2:Empirical distribution functions (EDF) for SIC 29
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Figure 3:Empirical distribution functions (EDF) for SIC 30
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Table 7: Summary of panel unit root tests (Sic 29)

Null: Unit root | Null: Unit root (heterogeneous) Null: No
(Homogeneous) unit
root
(homoge
nous)
Variable LLC t-stat Breitung t- | IPS w-stat | ADF-Fisher | PP- Fisher | Hadri z-
stat chi square chi square test
X 29 -36.808** -1.206 -5.076** 419.239** 569.675* 31.143**
(0.000) (0.114) (0.000) (0.000) (0.000) (0.000)
GDP. -14.363** 4.241 0.480 261.961 343.791** 19.873**
I (0.000) (1.000) (0.684) (0.137) (0.000) (0.000)
GDPSAit 19.619 52.741 -1.089 249.337 7.898 53.190**
(1.000) (1.000) (0.138) (0.294) (1.000) (0.000)
POP. -8.594** -6.712** 0.756 362.371 508.338 21.114**
I (0.000) (0.000) (0.775) (0.000) (0.000) (0.000)
POPSAit 23.628 -13.668** -3.477** 414.700** 0.087 34.674**
(1.000) (0.000) (0.000) (0.000) (1.000) (0.000)
XR. -13.366** 4.456 -3.601** 430.671** 564.851* 23.356**
) (0.000) (1.000) (0.000) (0.000) (0.000) (0.000)

Notes:
1.* and ** denotes rejection of null at 5% and 1% significance levels.
2. Sample: 77 cross-sections, period 1994-2003
3. Probabilities for Fisher tests are computed using asymptotic chi-square distribution. The

other tests assume asymptotic normality

4. Exogenous variables include individual effects, individual linear trends.

Table 8: Summary of panel unit root tests (Sic 30)

Null: Unit root | Null: Unit root (heterogeneous) Null: No
(Homogeneous) unit
root

(homoge
nous)

Variable LLC t-stat Breitung t- | IPS w-stat | ADF-Fisher | PP- Fisher | Hadri z-

stat chi square chi square test

X30 -21.116** 4743 -6.041** 390.970** 529.221* 22.745**
(0.000) (0.114) (0.000) (0.000) (0.000) (0.000)

GDP. -12.342** 6.124 0.563 183.369 235.474** 17.445**
I (0.000) (1.000) (0.713) (0.416) (0.003) (0.000)

GDPSAit 17.156 46.121 -0.952 190.669 6.039 46.514**
(1.000) (1.000) (0.170) (0.315) (1.000) (0.000)

POP. -8.612** -5.673** 0.595 276.991 373.793 19.139**
U (0.000) (0.000) (0.724) (0.000) (0.000) (0.000)

POPSAit 20.663 -11.952** -3.041** 317.123** 0.067 30.322**
(1.000) (0.000) (0.001) (0.000) (1.000) (0.000)
XR. -12.528 3.569 -3.372** 340.362** 456.858 20.932

) (0.000)** (0.999) (0.000) (0.000) (0.000)* (0.000)**
Oi|t -23.764** -0.284 -1.497 238.845 142.102 98.927
(0.000) (0.388) (0.067) (0.003)* (0.987) (0.000)

Notes:
1.* and ** denotes rejection of null at 5% and 1% significance levels.
2. Sample: 54 countries, period 1994-2003
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3. Probabilities for Fisher tests are computed using asymptotic chi-square distribution. The
other tests assume asymptotic normality

4. Exogenous variables include individual effects, individual linear trends.
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