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ABSTRACT
THREE ESSAYS IN APPLIED ECONOMETRICS WITH
APPLICATIONS TO INTERNATIONAL TRADE AND FINANCE
By

Patrice Whitely

My dissertation consists of three essays in applied Econometrics with applications
in the fields of Trade and International Finance. Chapters 1 and 2 investigate the
relationship between openness and growth. This is an area which has received a great
deal of attention from economists. The usual approach to investigating this relationship
involves the specification of a structural model for gross domestic product (GDP) per
capita with some measure of openness and other variables which are assumed to be
exogenous. The weakness of this approach is the fact that openness may be endogenous.
This may be as a result of simultaneity. Therefore the estimated coefficient of openness
in such a model would be invalid. As such the goal of my paper is to identify the
direction of Granger causality between openness and growth. Granger causality is a
specific, testable definition of causality which does not involve the specification of a
s&uc@a] model. It is a statement about forecastibility and predictability. The concept of
Granger causality is usually applied to time series data. However chapter 1 shows how
this concept can be extended for use with panel data. I find that the direction of Granger
causality for low and high income countries is from openness to growth.

Chapter 2 uses the popular ‘Barro’ regression to investigate the relationship

between openness and growth. This involves running regressions of the growth rate of



income over a period of time on initial income as well as other control variables. This
approach is used in order to address the issue of simultaneity between growth and
openness. Openness at the beginning of the period cannot be caused income growth over
the entire period. The ‘Barro’ methodology also allows me to measure the impact of
openness on a country’s growth rate as opposed to investigating the impact of openness
on a country’s GDP per capita as is usually done. I find that initial income, investment
rates and initial openness all have an important impact on the rate at which a country
Zrows.

Chapter 3 determines whether or not the popular monetary model of exchange
rate determination describes exchange rate movements in Latin American countries. In
the monetary model of exchange rate determination, the exchange rate is viewed as the
value of one country’s money supply against another. Initially there was some support for
this model. However, subsequently these results have been invalidated by the discovery
of the existence of a unit root in the exchange rate sequence. This led to studies trying to
discover whether or not there exists a cointegrating or long run relationship between the
exchange rate and the monetary fundamentals money supply and income. This paper
investigates the applicability of the model to exchange rates in Latin America. Latin
American countries are usually characterized by exchange rate volatility and high
inflation. I find that despite the instability and volatility of exchange rates in these
countries, there is still a long run relationship between the exchange rate and the

fundamentals.
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Chapter 1

What is the direction of
causality between openness
and growth? A panel data

Granger causality Study



1.1 Introduction

This paper investigates the relationship between openness and growth. What is the
direction of causality between openness and growth? The theory of comparative
advantage tells us that countries benefit by specializing in and exporting the good that
they can produce at a lower relative cost. However, in the real world does openness cause
an increase in output? Does trade cause an increase in income? Or is it true that countries
with higher incomes trade more? Does openness indicate future growth or does growth
indicate future openness or are both of these true?

Statistics show that there is a correlation between trade and growth. According to
a report' from the World Bank, in the last two decades, twenty-four less developed
countries, (including China, India and Mexico), have become more integrated into the
global economy. During that time period, these countries have doubled their ratio of trade
to national income and in the 1990s their per capita Gross Domestic Product increased by
an annual average of 5%. In less integrated countries, the ratio of trade to output has
decreased, and the number of people below the poverty line has increased. Does this
correlation between trade and growth imply causality? This is a complex question which
economists have used various methods to try to answer.

The traditional approach to investigating the relationship between trade and
growth involves the use of static structural models. This paper takes a different approach
by applying the concept of Granger causality. I use this approach because the goal of this
paper is to identify the direction of causality as defined in Granger (1969) between

openness and growth and not to measure the impact of openness on growth. As I will

! “Globalization, Growth and Poverty”, World Bank policy research report. December 2001



discuss in the literature review, this approach has been used in various fields of
economics in order to address the issue of direction of causality. Granger causality tests
are usually conducted using time series data. However, recent developments in
econometric techniques now allow Granger causality tests to be applied to panel data
sets. This study makes use of these techniques in order to identify the direction of
Granger causality between openness and growth.

The paper is organized as follows: section 2 gives a review of the relevant
literature. Section 3 defines the concept of Granger causality in its traditional time series
setting. Section 4 discusses the extension of the concept to panel data. Section 5 describes
the sample used. Section 6 outlines the methodology which was followed. Section 7
presents the results, section 8 discusses the results and section 9 summarizes the main

findings of the paper in the form of a conclusion.

1.2 Literature Review

Does trade cause growth? Grossman and Helpman (1990) use an endogenous
growth model to put forward the answer “it depends.” It depends on whether or not trade
forces the economy to direct resources to activities that generate growth (such as research
and development, increasing product quality, and so on) or if it in fact diverts the
economy from such activities.

In the traditional neoclassical growth model, the rate of growth of income per
capita is unexplained. That is, growth is assumed to be exogenous to the model. As the
name implies, the endogenous growth model endogenizes or explains growth. Growth is

treated as a variable to be determined. Investment in physical and human capital has



spillover effects which allow capital to exhibit non-decreasing returns to scale. Therefore
sustained growth becomes a possibility.

Grossman and Helpman (1990) consider a two-sector, two-factor economy. They
assume that the two factors, land and labour are available in fixed supplies. Output in
each sector i is described by the following constant returns to scale production function:

X' =kFi(T, ) i=12 )

where

Ti = amount of land used in sector i

L' = amount of labour used in sector i
K = stock of knowledge capital (a public input)

They also assume that:

K =bx! 3)

where

K= growth rate of K
Using the Rybczynski Theorem they argue that an increase in the supply of the factor
used intensively in sector 1 the knowledge generating sector will lead to an increase in
growth while an increase in the supply of the factor used intensively in sector 2 will
decrease growth. They then go on to discuss how trade and trade policy can change the
relative supplies of the factors. Grossman and Helpman therefore conclude that the
potential for less developed countries to benefit from international trade does exist but
such trade gains are not automatic. They depend on whether or not trade leads to

knowledge and technology transfers.



In this paper Grossman and Helpman also briefly mention product cycles or the
‘North-South’ theory of product development. This theory was first introduced in Vernon
(1966) and was formally modeled in Krugman (1979). Grossman and Helpman (1991a)
builds on earlier work to construct a product cycle model which features endogenous
innovation and endogenous technology transfer. The product cycle theory states that
product innovation takes place in the North while imitation takes place in the South. That
is, the invention and initial manufacturing of a product occurs in the North. Over time, as
the production methods become more standardized, they are copied by firms in the South.
It is argued that innovation occurs in the North because these countries possess the
research and development resources and technology necessary for the introduction of
new products. The existence of lower wages in the South means that, after the technology
has been successfully copied, the bulk of manufacturing and production takes place there.
Of course as the South successfully copies the goods invented in the North and is able to
produce and sell them at a lower price, this forces the North to introduce new products as
well as improve the quality of existing products. Examples of goods that have followed
this cycle include personal computers and consumer electronics.

Both Grossman and Helpman (1990) and (1991a) show that the potential exists
for countries to benefit from trade. However the authors use the North-South theory of
product development to suggest that less developed countries potentially stand to benefit
the most from international trade. This is because trade allows them to have access to the
technologies invented in the North. This implies that trade may have a greater impact on

growth in low and middle income countries than it does in high income countries.



Grossman and Helpman (1991b), Feenstra (1990) and Matsuyama (1992), among
others, have shown how trade can lead to a reduction in the long run growth rate of
developing countries. They do so by using formal models of the ‘infant industry’
argument. These models illustrate that once real world market imperfections are taken
into consideration, there is no reason to believe that trade will necessarily lead to growth.

Many empirical studies have been undertaken in order to quantify the impact of
trade on growth. These studies usually proceed by running a cross-sectional regression of
per capita income on some measure of trade or openness (such as the ratio of exports
and/or imports to gross domestic product (GDP)), and other variables. These regressions
usually identify a weakly positive relationship.

The main weakness of studies of this type is the fact that trade may be
endogenous. As Elhanan Helpman (1988), Colin Bradford, Jr. and Naomi Chakwin
(1993), Rodrik (1995 a), and several others point out, countries with high incomes (for
reasons other than trade) may trade more. Therefore a positive coefficient on the trade
variable may be reflecting the fact that growth causes trade and not necessarily the other
way around. Furthermore, if there are endogeneity issues, the least squares estimator is
biased and inconsistent. Frankel and Romer (1999) address the endogeneity issue by
using an instrumental variables (IV) approach. A valid instrument should be uncorrelated
with the unobservables that affect growth but correlated with the trade share. As such,
Frankel and Romer use countries’ geographic characteristics as instruments for trade.
They argue that “it is difficult to think of reasons that a country’s geographic
characteristics could have important effects on its income except through their impact on

trade.” Frankel and Romer estimate the model:



InY;=a+bT; +cyInN;+cy In 4; + 5 ¢))

where

i = country

N = population
A = area

T = trade share
Y =income

Using geographic characteristics as instruments for 7; they conclude that trade

increases income. They believe that by using IV they have uncovered a causal effect of
trade on income. Their paper suggests that there is no reason to believe that the positive
correlation between trade and income comes about because countries whose incomes are
high for other reasons, trade more. Therefore, Frankel and Romer would lead one to
conclude that trade causes growth.

It has also been argued that another source of endogeneity is omitted variables. If
the relationship between trade and growth is driven by the existence of omitted variables,
then trade may be an endogenous variable. For example, countries with good institutions
may grow faster. However, it could be that one of the reasons that this growth occurs is
because of the impact of these institutions on trade. This would imply that one needs to
isolate the effect of quality of institutions on growth by including it as an independent
variable. Rodrik, Subramanian and Trebbi (2002) attempt to estimate the partial effects of
trade and institutions using the same instrument for trade advocated in Frankel and
Romer (1999). They conclude that the effect of institutions on growth is robust to the

inclusion of trade as an explanatory variable, but the effect of trade on growth is not



robust to the inclusion of institutions. This casts a new light on the findings of Frankel
and Romer. It may be that the results of Frankel and Romer suffer from omitted variable
bias. Rodrik et al. find that trade has a positive impact on institutions. It is therefore
possible that the positive effect of trade on growth found by Frankel and Romer, is
actually reflecting the impact of institutions on growth. Trade may have an indirect
impact on growth through its impact on institutions. Rodrik et al (2002) highlights the
unresolved nature of the trade and growth debate. It also illuminates the difficulty in
specifying a model with truly exogenous explanatory variables. As is well known, if the
explanatory variables in a model are not exogenous, the coefficient estimates are invalid.
This is one reason why some papers have addressed the trade-growth debate by using the
concept of Granger causality. The rationale behind using this approach will be discussed
in detail in the next section.

As the title suggests, the goal of this paper is to identify the direction of
‘causality’ between openness and growth. Granger causality has been used to address the
issue of direction of causality between several variables — money and output [for
example, Hayo (1999)] United States (U.S.) and foreign equity market yields [for
example, Cochran and Mansur (1991)] international trade and political
conflict/cooperation [for example, Reuveny and Kang (1996)], among others. It is a
concept that has been applied in fields from Macroeconomics to Finance to Trade.
Several studies, for example, — Ahmad and Harnhirun (1996), Leichenko (2000), and Tao
and Zestos (2002), use Granger causality tests to explore the relationship between trade

and growth.



Tao and Zestos use annual time series data from 1948-1996 to analyze the causal
relations between trade and GDP growth in the U.S. and Canada. They use the Granger
causality test introduced in Engle and Granger (1987). This causality test requires
cointegration. Informally, two variables are cointegrated if they move together over a
long period of time. If two variables, X and Y, are cointegrated, causality from X to Y
can be established not only from the joint significance of the coefficients of the lagged
values of the X variable but also from the joint significance of the coefficient of the one-
period lagged error term of the cointegrating equation of the two variables. As such, Tao
and Zestos estimate the following vector error correction (VEC) model:

r s

ALGDF, =ay +aGppu;—1 + ), a@; ALGDF_; + Y by; A Lexport,_; +

i=l i=1
k

Y i ALimport,_; +w, )

i=l1

r s
ALexporty = by +bp exportti—1 + Z a);i ALGDF,_; + sz, ALexport;_; +

i-1 i=l

k
Z cp; A Limport, _; + vy, 3)

i=1

r N
A Limport; = ¢3 + CLimportty—1 + 3, @3; ALGDF_j + )" b3; A Lexport,_; +

i=l i=1
k
203,- A Limport; _; +v3; 4)
i=]

where:

A LGDP = growth rate of GDP



A Lexport = growth rate of exports
A Limport = growth rate of imports
u,_1 = one-period lagged error term of the cointegrating vector

Tao and Zestos conclude that for Canada causality exists in every possible
direction. They argue that export growth generated the necessary foreign exchange to pay
for imported goods, which led to domestic economic growth. For the U.S. causality was
found from exports to GDP. They argue that since the U.S. dollar is widely accepted for
international payments, there was no causality from imports to exports.

Ahmad and Harnhirun (1996) explore the causal relationship between exports and
economic growth for the countries of the Association of South East Asian Nations
(ASEAN) - Indonesia, Malaysia, the Philippines, Singapore and Thailand. They use
annual data on exports and Gross National Product from 1966-1988. They specify a VEC
model but since the variables in their study are not cointegrated, the error correction term
is excluded from their causality tests. If the error correction term is excluded the Granger
causality test becomes the standard Granger (1969) test. Ahmad and Harnhirun find that
exports do not Granger cause GDP growth in any of the countries. However, they find
Granger causality from economic growth to exports in all five countries.

Leichenko (2000) uses the standard Granger (1969) test to investigate causality
between U. S. foreign exports and economic growth at the regional level. He finds
general support for bidirectional causality between exports and economic growth but
notes that there is variation among regions.

Rodriquez and Rodrik (1999) argue that the measure of “openness” used in many

empirical studies does not accurately reflect the existence or lack thereof of trade barriers.
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The authors conduct a review of four papers — Dollar (1992), Ben-David (1993), Sachs
and Warner (1995) and Edwards (1998). Dollar (1992) uses two indices of ‘outward
orientation’ — exchange rate distortion and real exchange rate variability. Sachs and
Warner (1995) use a binary variable for their openness indicator. This variable takes on
the value of 0 if the economy is closed according to any of five criteria and takes on the
value of 1 otherwise. Rodriquez and Rodrik show that these methods do not accurately
measure openness. They also argue that there is no evidence that these more complex
measures improve on a simple measure such as trade-weighted tariff averages. They posit
that this is a more direct indicator of trade restrictions. They also suggest that it might be
more fruitful to look for more contingent relationships between trade policy and growth.
That is, they propose asking if trade restrictions operate differently in low versus high
income countries. If the implications of product cycle theories are correct then openness
should have a larger impact on growth in developing countries than it does in developed

countries.

1.3 Granger Causality Testing

(i) Discussion of Approach
What is causality? This paper uses an explicit, testable definition of causality that

is introduced in Granger (1969). This is different from the standard meaning of causality.
The usual way of testing for the standard cause and effect relationship, and measuring the
impact of one variable on another involves the specification of a structural model.
However, in order for the estimates from a structural model to be valid (that is, unbiased

or consistent), the explanatory variables in the model must be exogenous. As discussed in
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the literature review, one of the main difficulties in investigating the relationship between
openness and growth is the issue of endogeneity. This may arise either because of the
simultaneous bias inherent in the relationship between the two or because of omitted
variable bias.

When one fits a regression line, the existence of a relationship is assumed on the
basis of economic theory. The objective is to measure the ceteris paribus impact of one
variable on another. However this involves introducing the untestable concept of
exogeneity. As was discussed in the literature review, specifying a structural model for
income per capita makes the existence of exogeneity of the explanatory variables highly
questionable. It is therefore not possible to conduct a ‘controlled experiment’ of the
impact of trade on growth.

Granger (1969) introduces an alternative, explicit and testable definition of the
word causality. Some authors including Leichenko (2000) and Ahmad and Harnhirun
(1996) define causality as Granger causality. However, as Harvey (1981) points out,
Granger’s definition of causality is purely statistical and does not correspond to the cause
and effect definition of causality in the philosophical sense. Granger’s definition is
limited in that it is a statement about predictability and forecastibility. However, it’s
strength is in the fact that it is explicitly and easily testable.

It is important to note that Granger causality is a weaker condition than the

condition for exogeneity. Enders (1995) shows that it is possible for a series y; to not
Granger cause the series x; , and yet x; is not exogenous to y, . This leads to the question,

when does Granger causality imply standard causality? The answer is, when we have

exogeneity. Hamilton (1994) argues that if {(x;,);) : t = 1,2,...} is a bivariate time
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series: if x; Granger causes y, and if nothing else Granger causes x;, then it is possible
to conclude that x; causes y,. As stated above, exogeneity is a stronger condition than
Granger causality so if x; Granger causes y;, and if x;is exogenous then x; causesy;.
Similarly Enders (1995) shows that if x; does not Granger cause y, and y, is exogenous
then x; has no impact on y, . Therefore, in the final analysis, to answer the question of

standard causality we will always need exogeneity. It is important to emphasize that
Granger causality is not another way of answering the question of the existence of
standard causality. It is asking a different question. It proposes a different definition of

the concept of causality. It asks the question, ‘does the forecast of y, improve after

taking account of past values of x; , while controlling for past values of y; ?° It is also able

to give a definitive answer to the question it asks. As such that is the definition of
causality utilized in this paper.

In this paper, I use a rich panel data set in order to see what allowing variation,
both across countries and over time, will illuminate about the relationship between
openness and growth. Specifying a structural model for income per capita would require
the use of instruments for both trade and institutions. Finding suitable instruments is
always a challenge. The currently agreed upon instruments used in Rodrik, Subramanian
and Trebbi (2002), for both trade and institutions, do not vary over time. Therefore it
would be impossible to estimate their coefficients using fixed effects estimation. It
would be difficult to find appropriate time-varying instruments that are available for all
the countries in the sample, over all the years included in the sample. Therefore, as was

previously discussed, the exogeneity of the explanatory variables would be highly
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questionable. Looking at Granger causality as opposed to standard causality overcomes
these issues. It will be interesting to see what this method reveals about the relationship
between trade and growth. Can past values of openness predict future values of growth,
after controlling for past values of growth or do past values of growth serve as an
indicator of future values of openness after controlling for past values of openness? Or
are both of these true?

This paper extends Tao and Zestos (2002) and other papers that have used
Granger causality to identify the direction of causality between trade and growth by using
a rich panel data set with more recent data. The fact that using panel data increases
estimation efficiency is well known. The use of panel data also overcomes the problem of
lack of sufficient data for some countries. The version of the Granger causality test used
by Tao and Zestos can only be used if the variables are cointegrated and is therefore
somewhat restrictive. I use the standard F-test version of the Granger causality test
extended for use with panel data. This is described in more detail in the following
section.

In this paper, I also address the critique of Rodriquez and Rodrik (1999). I do so
by using more direct measures of openness, which will be described in more detail in
section 5. Rodriquez and Rodrik suggest using trade-weighted tariff averages. However
due to the existence of non-tariff trade barriers, I think that trade percentage would be a
more reliable, direct measure of openness. I also address the critique of Rodriquez and
Rodrik by dividing the sample into groups according to income levels to see if the
relationship between openness and growth is different in low versus middle versus high

income countries.
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The goal of this paper is not to measure the impact of openness on growth. The
goal is to try to discern whether observed correlations between openness and growth are
driven by the fact that openness Granger causes growth or by the fact that growth
Granger causes openness or both. Looking at whether or not past values of openness help
to predict future values of growth or vice versa will help in understanding the relationship

between openness and growth.

(ii) Definition of Granger Causality
If {(x;,y):t=1.2,...} is a bivariate time series, then x; Granger causes y; if
EWe | ye-1-%-1:Y1-2-%-25) # EQ | Ye—is Ye-24-2) (5)
In other words, if, after we control for past information of y, past values of x help to
predict y , then we say that x, Granger causes y; 2, As the timing of the information sets

implies, Granger causality is not a statement about contemporaneous causality. Its
strength lies in the fact that it is fairly easy to test without additional assumptions.

Usually, a linear model is put forward for the more general
expectation, E(y; | yy—1,X¢—1,Yt—2-X—2,-...), and then a joint test of significance is
carried out for the lags of x. With p lags of y and q lags of x, we have

E(y | ye—15Xe-15 V125X -25-) =

A+ YY)+t Y pYt—p + BiXg1 + - ByXs—g 6)
Assuming that {(x;,y,) : t=1,2,...} is a weakly dependent series — that is, satisfies the

central limit theorem (and therefore the law of large numbers), we can use a Wald test of

? Causality from y to x is defined by reversing the two variables in the previous definition
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Ho:$ =0,..., 8, =0. The standard F test (which is just a rescaled Wald statistic) or the
usual Lagrange multiplier test, maintain homoskedasticity under the null:

Var(yy | Y11 %1 Y2, % -20-) = 02,0 =12, @)

This, rules out structural change in the variance as well as autoregressive forms of
heteroskedasticity such as autoregressive conditional heteroskedasticity (ARCH) and
generalized ARCH (GARCH). The ARCH model was introduced by Engle (1982) while
GARCH was introduced in Bollerslev (1986). In the ARCH model the conditional
variance of the error term, rather than being constant, changes over time as an
autoregressive function of the squared residuals. In the GARCH model the conditional
variance of the error term has both autoregressive and moving average components. That
is, the variance is a function of both the past squared residuals and past variances.
Heteroskedasticity-robust versions of the F statistic are easy to obtain.

Sometimes it is useful to write the conditional expectation in (6) in error form:

Y=+ Y|+t Y pYt-p + Bixi—1 +...,qu,_q +u (8)
where, necessarily, the error term satisfies

E(ug | yp—15%¢-15Y1-25%-25--) =0 )
The fact that past errors are a function of the conditioning set in (9) implies that the errors

are appropriately serially uncorrelated. Therefore Granger causality tests do not have to

be made robust to serial correlation.

16



1.4 Panel Data Granger Causality Testing

Consider the following model for x; and y;:

S & k)
Yit=a;+ z Vi Vie—kt Z B xig_ + € (10)
k=1 k=1

for each individual i =1,...,N and f =1,...,T with K €N"and g; =(8D,..8H)y
With the usual assumptions, (mentioned above), it is possible to conduct a test for
Granger causality by estimating equation (10) pooled across i and ¢. The null hypothesis
would be:

Hy:p® =0 vk=1.k
While the alternative hypothesis would be:

H:f® 20 vk=1.K

In this case the standard F test is asymptotically valid. However, pooling in this manner
does not allow heterogeneity acrossi . It assumes that the lagged coefficients are the same
for each individual in the sample. It is possible to conduct panel Granger causality testing

that overcomes this limitation. We start by making the following assumptions:
A (1) {(xj,y;):t=1,2...} are weakly dependent for all i .
(2) The errors are homoskedastic. That implies:
Var(yis | Xir—1> Yir—1,---) = 02 (a constant)
B {(xj1,..-x;T,yj1----YiT )} are independent across i .

It is then possible to test a Homogenous Non-Causality (HNC) Hypothesis where

the null hypothesis is:
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Hy:B=0 Vi=1.N
While the alternative hypothesis is:

Hi:B=0 Vi=1..N

Bi#0 Vi=N+1,N+2,.N

If the HNC hypothesis is not rejected, we can conclude that there is no causality
for all individuals of the sample. If N| =0, then f; #0 for all i and there is causality for
all i.If 0< Nj < N, then there are N} individuals with no causality from x to y and
N - N individuals with causality from x to y. If N = N, we are back to the case of

failing to reject the null hypothesis.

Consider the test statistic:

w HNC =N—]§:WiT a1
i=l

where

W;r = individual Wald statistic for Hg: §; =0.
Under the null hypothesis W;r converges asymptotically to a chi-squared distribution,
with K degrees of freedom, as T — o, Vi=1..N with:

E(Wir)=K and V(W;)=2K
Therefore by the Lindberg-Levy central limit theorem, under the null hypothesis:

ZHNC _ INT2k *(wHNC _ k) (12)

converges asymptotically to a standard normal distribution as T — oo first and then

N — o0.
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The test involves taking the Wald statistic for individual Granger causality tests
for individual groups and averaging them to form a statistic that is appropriate for panel
data Granger causality testing. As such, we need two sets of assumptions. We need
assumptions that guarantee that each W,y converges asymptotically to a chi-squared
distribution with K degrees of freedom as T— co. We also need an assumption that allows
us to apply the central limit theorem to the averaged statistic in order to guarantee that it
converges asymptotically to the standard normal distribution as N — oo.

The assumptions in group A imply that under Hy, W;T converges asymptotically

to a chi-squared distribution with K degrees of freedom as T — «. Adding assumption B
implies that under Hy, Z converges asymptotically to a standard normal distribution as T
— oo first and then N — co.

Hurlin (2004) argues that this approach can be extended to the case of fixed T by
making adjustments to the first and second moments of W;7. He does this by assuming
normality in order to apply the Magnus (1986) theorem. However, the Magnus theorem
requires strict exogeneity of the regressors, which clearly cannot hold in the model
presented in equation (10). Nevertheless, in his paper, Hurlin conducts Monte Carlo
experiments generating the model presented in equation (10) and computing the mean
and variance of the Wald statistic. He compares these with the calculated moments based
on the Magnus theorem and shows that the differences are negligible. As such I will
make use of the statistic he proposes in his paper, which is outlined below.

For the case of fixed T, Hurlin asserts that by the Magnus Theorem, the second

order moments of W, exist if and only if:

T>5+2K
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He then uses the Lyapunov central limit theorem to posit that:

-1¢N

zF -
V'S varir)

(13)

converges asymptotically to a standard normal distribution as N — co.
Applying the Magnus theorem he gets:

o s (T-2K-1)
EWir)= K T—2K-3)
(T-2K-1)>*(T-K-3)
(T-2K-3)**(T-2K-5)

Var(W;t)=2K *

ifand only if T > 5 + 2K
Using these values for E(W;r)and Var(W;7) Hurlin puts forward the following

approximated standardized statistic:

gime_ [ N*@-2K-5 , (T-2K-3) L HNC 4, (14
(2*K)*(T-K-3) (T-2K-1)

which converges asymptotically to a standard normal distribution as N — .

In the case of both N and T fixed Hurlin suggests that one can use the

approximated standardized statistic Z™NC and compute an approximation of the

appropriate critical values [cyT(a)] for a fixed N. Based on this he gets:

ont(@) = Zg N War(Wip) + EWig) (15)
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1.5 Description of Data

(i) Initial Measures

The sample is an unbalanced panel data set of 123 countries with a time span of
20-51 years (depending on data availability). I use annual data on openness and PPP
adjusted constant gross domestic product (GDP) per capita obtained from the Penn World
Tables. The measure of openness used by the Penn World Tables is total trade as a
percentage of GDP. This is a standard measure of openness and is also used by
organizations such as the International Monetary Fund. However in the next section, I
give a detailed description of an alternative method of openness which was also used.
Logs were taken of both series before unit root tests were done. Taking logs allows me to
calculate the elasticity of trade with respect to openness and vice versa, in preliminary
regressions.

When dividing the sample into groups according to income level, I use a balanced
panel of 107 countries with 20 years of data from 1981-2000. Table 1.1 gives summary
statistics for the percentage trade and GDP per capita variables in levels. All values are in
1996 dollars. As expected, the average income per capita increases steadily from the low
income group to the high income group in both 1981 and 2000. In 2000, the average
income for the low income group is $1,482.54, for the lower middle income group is
$5,195.70, for the upper middle income group is $10,494.13, and for the high income
group is $25, 083.01.

In 1981, the high income countries have the lowest average trade percentage,
while over the low income to the upper middle income range, the average trade

percentage increases. In 2000, there is a positive relationship between average trade
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percentage and income group, as the low income group has an average trade percentage
of 84.2, the lower middle income group has an average trade percentage of 87.2, the
upper middle income group has an average trade percentage of 87.9, and the high income
group has an average trade percentage of 101.1. There is therefore some evidence that
larger countries trade more.

Figure 1.1 is a diagram showing the relationship between income and trade in
1980 (the earliest year for which data is available for all 123 countries). It shows a
slightly positive relationship between trade and income. Figure 1.2 illustrates that this
positive relationship increases in 1996 (the latest year for which data was available for all
123 countries). This weakly positive relationship is reflected in the correlation between
trade and income for all countries, which as table 1.2 illustrates, is 6%.

Figures 1.1 and 1.2 indicate that some of the trade percentage values are greater
than 300. Figures 1.3 and 1.4 take a closer look at the values for trade percentage for each
country in 1980 and 1996, respectively. As figure 1.3 shows, in 1980, one country has a
trade percentage greater than 300. This country is Romania, with a trade percentage of
325. Four countries, Romania, Sao Tome and Principe, Singapore, and Luxembourg,
have trade percentages greater than 200. As figure 1.4 illustrates, in 1996 Singapore is the
only country with a trade percentage greater than 300. While Hong Kong, Equatorial
Guinea, Guyana, and Luxembourg are the other countries with trade percentages greater
than 200. Hong Kong, Singapore and Luxembourg are all classified as high income
countries.

When the panel is divided into groups according to income levels, the correlation

is the strongesf in the high income group — 29%. The second largest correlation, 17%, is
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among the upper middle income countries. The low income countries have a correlation
of 15%, while the lower middle income countries show the smallest degree of correlation
between trade and income. The correlation for the middle income countries as a group is
6%.

As table 1.2 illustrates, there is also a weakly positive relationship between trade
and growth ((income; — incomey.;)/ income;.1). This correlation is strongest among the

high income countries — 11.4%, and weakest among the low income countries — 0.46%.
So there is also evidence that the relationship between trade and growth may differ across

income groups.

(ii) Alternative Measure of Openness

The initial measure of openness used may not accurately reflect how open to trade
an economy’s borders are. As such, I also use the difference between the volume of trade
predicted by the gravity model and the volume of trade that actually occurred, to
determine how ‘open’ a country’s economy is. The gravity model relates bilateral trade
between countries to GDP, distance, and other factors that might affect trade barriers. The
theory states that after controlling for size, trade between two regions is inversely related
to their bilateral trade barrier relative to the average barrier of the two regions to trade
with all their partners.

I use the following equation for the gravity model:

ll‘le =k0 +k11nY,- +k2 lan —k3 lnDU +k4CONTij +k5LANGij +k6FTA,:I' +u,_']-

(16)

where:
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Xij = value of exports from country i to country j

Y; =real GDP of country i

D;; = distance between i and j

CONT;; = dummy variable which is 1 if iand j are contiguous

LANG;; = dummy variable which is 1 if i and j share a common language

FTA,-j3 = dummy variable which is 1 if jand j share a common free trade

agreement
This implies:
rk Yk
Xjj = ——s—exp(kg + k4CONT;; + ks LANG;j + ks FT4;;) a7
y
We know that:
Tj; = total trade between i/ and j = X;; + X j;
Therefore:
Ylk‘ ij: + ijl Ylkz
T = oF exp(kg + k4CONT;; + ksLANG;; + kgFTA;) (18)

T; = total trade by country i = ZjTij

Therefore:
107 ph y¥ T+ Y" rk
Z exp(ko + k4CONT;; + ks LANG;; + ks FT4;;) (19)

? A binary variable for common continent was used as a proxy for this variable
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= 4ip
= trade predicted by the gravity model for country i

In order to calculate the predicted trade for each country, I therefore need
estimates of kl..k6, which can be obtained by estimating equation (16). However
estimating this equation requires data on bilateral trade for each country pair in the
sample. I have data on total trade for each country. This data cannot be used to estimate a
gravity model. Therefore I obtain the estimated coefficients by doing a survey of papers
that have estimated gravity equations.

A number of empirical papers exploring the gravity model have been written.
Several of them have focused on the impact of national borders, for example McCallum
(1995) and Anderson and Van Wincoop (2001). Others have focused on using the gravity
model to distinguish among different theoretical models, for example, Evenett and Keller
(1998), Head and Ries (2000) and Feenstra, Markusen and Rose (2001).

The goal of Evenett and Keller (1998) is to use the gravity model to differentiate
between the Heckscher-Ohlin theory and the Increasing Returns trade theory. As such,
the version of the gravity model that they use focuses on the effect of own country GDP
and trading partner GDP. They do not include variables such as common language and
distance which, as shown in Feenstra, Markusen and Rose (2001), have an impact on
trade flows. Furthermore, Evenett and Keller use a data set of 58 countries which consists
of nearly all industrialized countries but relatively few less developed countries. Head
and Ries focus on the U.S. and Canada. I use a balanced panel of 107 countries therefore

I need to use estimates that were obtained using a larger data set.
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Bergstrand (1985) presents typical gravity equation coefficient estimates for trade
flows. The coefficients for 1965 and 1976 are presented in table 1.3. All variables except
the dummies are in logarithms. The model used does not include common language,
which is shown to be significant in Feenstra, Markusen and Rose (2001).

Therefore, the estimated coefficients used to construct the predicted trade measure
are taken from Feenstra, Markusen and Rose (2001). This paper presents a
comprehensive version of the gravity model including variables such as common
language and distance which are not in the model used in Evenett and Keller (1998).
Feenstra, Markusen and Rose also use a much wider data set — over 110 countries. The
results of Feenstra, Markusen and Rose (2001) are generally consistent with the findings
in Evenett and Keller (1998) and Head and Ries (2000).

Feenstra, Markusen and Rose get different coefficient estimates depending on
whether trade is in differentiated or homogeneous products. I use the estimated
coefficients for 1980 for both cases. These are reported in table 1.4. Since all the
variables are in logs, the estimates are the elasticities of exports with respect to each
independent variable. So, for example, the elasticity of exports of differentiated goods of
a particular country with respect to its trading partner’s GDP is 0.65. The estimated
coefficients are similar to the typical gravity equation coefficient estimates presented in
Bergstrand (1985). For example, the estimate on partner GDP presented in Bergstrand
(1985) is 0.65 in 1965 and 0.69 in 1976.

The measure of openness I use is:

Ojf =InTyy~InTyp (20)

where T;;p = trade predicted for country i in year ¢
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T;4 = actual trade for country i in year ¢

For every country in the sample, predicted trade is greater than actual trade. This
means that the expected value of the error term in equation (19) cannot be zero, implying
that equation (19) may not be a very good model for trade. However this problem may
arise because the coefficients used to construct predicted trade were not estimated with
the sample data used in this paper. As was previously mentioned, because of data
limitations the estimated coefficients were obtained from Feenstra, Markusen and Rose
(2001).

The above measure is constructed for 107 countries for the years 1982-2000. As
table 1.5 illustrates the correlation between actual and predicted trade is very low (0.1,
whether I use the estimates for trade in differentiated or homogeneous goods). However
once both measures of openness (trade percentage and the measure based on the gravity
model) are standardized and first differenced to achieve stationarity, the correlation
between the measures of openness actually used in the Granger causality tests is quite
high. When trade in differentiated products is assumed, the correlation is 0.9858. When
the estimated coefficients for trade in homogeneous products are used, the correlation is
0.9807. These high correlations are reflected in figures 1.5 and 1.6 which are scatter

diagrams of the different measures.

1.6 Methodology

First of all, a test for weak dependence must be conducted. As such, I use Choi’s

test statistic for panel unit roots. This statistic allows a great deal of flexibility. For
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example, it allows the number of time series to be different across groups. Choi (2001)

introduces the inverse normal test. The test statistic is:

J_ Zd)—l(px) 1)

where @ is the standard normal cumulative distribution function and
p; is the p-value for a unit root test statistic for the i” country
For all i, pi has a uniform distribution over the interval [0,1]. Therefore Z

converges to a standard normal distribution as T — oo first and then N — . As Choi
(2001) shows, we can reject the null hypothesis that all the time series are unit root non-
stationary when the test statistic is less than the critical value of the lower tail of the
standard normal distribution. Choi’s unit root test was conducted on the log of income
and the log of trade. The unit root test statistic used for constructing Z was the augmented
Dickey-Fuller test.

I then conduct a test for Granger causality by estimating equation (10) pooled
across individuals and over time. This equation is estimated by using both openness and
growth alternately as the dependent variables in the model. Next, I allow heterogeneity
across i by testing the HNC hypothesis using both openness and growth as dependent
variables in the model. I use both alternately because I am interested in discovering
whether openness Granger causes growth or growth Granger causes openness or both.

First I use the entire panel and therefore employ both the Z"™C and the Z™NC statistic.

Then I divide the data set into groups according to income levels. I classify the countries

as high, upper middle, lower middle or low income based on the system used by the
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World Bank* for 1987 (the earliest available year). I then test the HNC hypothesis for
each group by computing the ZMNC statistic and using the appropriate critical values for

the case of fixed N and T.

1.7 Results
(a) Using Trade Percentage to Measure Openness

(i) Unit Root Testing

For the income variable, I am unable to reject the null hypothesis that for every
individual in the sample the series contains a unit root. I am able to reject this null
hypothesis for the percentage trade variable. However, the p-values for the individual
unit root tests are less than 0.05 for 12% of the countries in the sample. Since the
alternative hypothesis in the Choi test is that at least one of the time series is
stationary, the test is conducted using the difference of both variables. This time the
null hypothesis is rejected for both variables and the p-values for the individual unit
root tests are less than 0.05 for all the countries in the sample for both income and
trade. Therefore the HNC hypothesis is tested using the difference in the log of both
variables. Weak dependence is one of the assumptions that is necessary for the test
statistic to converge to a standard normal distribution, and I now have evidence that

the difference of both series is stationary, and therefore weakly dependent.

* For complete list of classifications see table 1.6
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(ii) Preliminary Regressions

Table 1.7 illustrates a fixed effects regression of the differenced income
variable (referred to as growth) on lags of both growth and the differenced trade
variable. The differences are used because as the above section indicates they are
stationary. The lagged impacts of trade on growth are all positive. The elasticity of
growth with respect to trade after one year is 0.074. This decreases to 0.028 after three
years, increases to 0.037 after four years and then falls to 0.026 after 5 years.
Therefore the long run elasticity of growth with respect to trade is 0.21. A number of
specifications with different numbers of lags were estimated. The results for five lags
of the trade variable are shown because all five lags are significant at the 1% level.
This implies that any impact that trade may have on growth is likely to be positive and
that this impact declines over time. The lagged impact of growth on trade is positive.
There is therefore further evidence that larger countries trade more.

The models shown in table 1.7 were estimated using ordinary least squares for
each country in the sample individually. These results are illustrated in figures 1.7 and
1.8. Figure 1.7 illustrates the long run elasticity of growth with respect to trade for
each country in the sample individually. For 94 of the 123 countries in the sample, the
impact is positive. St. Lucia has the largest elasticity (1.169) while the smallest
elasticity (in absolute value) belongs to St. Kitts and Nevis. Both countries are
classified as middle income. The average long run elasticity is 0.167. Of the 29
countries for which the elasticity is negative, 41% of them were lower middle income.

However the elasticity of growth with respect to trade is positive for most (71% of)
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lower middle income countries, including St. Lucia, the country with the highest
elasticity.

When the elasticity of trade with respect to growth is examined for the
individual countries, it is positive for 72 countries in the sample. As illustrated in
figure 1.8, the country with the largest magnitude of elasticity is Burkina Faso, with an
elasticity of -1.667. The country with the largest positive elasticity is Indonesia with
an elasticity of 1.587. The country with the smallest elasticity (in absolute value) is
Thailand with an elasticity of -0.0018. The average elasticity is 0.07. Once again, of
the four income groups, the lower middle group has the largest percentage (31%) of
the countries for which the elasticity is negative. However, yet again, for the majority
of lower middle income countries (62%) the impact of growth on trade is positive.
Overall, for the majority of countries in all income groups, the relationship between
trade and growth is positive. However, the lower middle income group had the largest
percentage of countries for which there was a negative relationship between growth
and trade.

Table 1.8 shows the results of fixed effects regressions where the impacts of
trade and growth are allowed to vary by income group. The results indicate that there
is variation in these impacts across income groups. For example, the impact of trade
on growth after one year is 0.048% lower for the middle income group than it is for
the low income group. The impact of growth on trade after one year is 0.155% lower
for upper middle income countries, than it is for low income countries. This is further

evidence that the relationship between trade and growth may differ across income

groups.
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(iii) Panel Data Granger Causality Tests
I start by conducting an F test for the null of non-causality on the pooled data. I

estimate the models of table 1.7 using fixed effects. As expected the null hypothesis of
non-causality is rejected both from growth to trade and from trade to growth. As table
1.9 illustrates, going from trade to growth the test statistic is 33.05 and the p-value is
0. In testing the hypothesis from growth to trade, the statistic is 11.44 and the p-value
is 0.007. Table 1.7 reports the models for trade and growth that fit the best (in terms
of significance). As table 1.7 implies, an AR (1) model is most appropriate for both
trade and growth.

Table 1.10 reports the results of the panel data Granger causality tests that
allow heterogeneity across individuals. Using one lag, the HNC hypothesis can be
rejected from trade to growth as well as from growth to trade, at the 5% level. In all
cases the test statistic is greater, in absolute value, than the critical value. The same is
true when the data set is restricted to a balanced panel with T = 20 for 107 countries.
Therefore, it is necessary to attempt to identify a sub-group of countries for which

there is no causality for alli. In other words, I attempt to identify N; In order to do so

the panel of countries is divided into 4 groups according to income levels — low, lower
middle, upper middle and high.

Table 1.11 shows that for all sub-groups, it is possible to reject the hypothesis
from trade to growth. Going from growth to trade the HNC hypothesis cannot be
rejected for the middle income group. This result is confirmed when the middle

income group is divided into upper middle and lower middle income sub-groups. The
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HNC hypothesis from growth to trade cannot be rejected for both groups. This implies
that for middle income countries past values of growth do not help to predict future
values of trade. This is not surprising when one recalls that the middle income group
has the lowest correlation between income and trade. The non-rejection of the
hypothesis implies that for middle income countries the direction of Granger causality
is from trade to growth.

The tests are repeated dropping assumption A2 and making the statistics
robust to heteroskedasticity. The tests are also repeated for K = 2 and K = 3. These
results are reported in the appendix. An AR(1) model is most appropriate for both

trade and growth.

(b) Alternative Measure of Openness

(I) Trade in Differentiated Products
(i) Unit Root Testing

The null hypothesis that every individual in the sample contains a unit root is
rejected for the first difference of the openness variable. The p-values for the
individual unit root tests on the first difference are less than 0.05 for 82% of the
sample. Therefore the HNC hypothesis is tested using the first difference of the

variable.
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(ii) Preliminary Regressions

Table 1.13 illustrates the fixed effects regression of the growth variable on lags
of both growth and the differenced openness variable. As was the case with the
percentage trade measure, the coefficients on the lagged values of openness suggest
that openness has a positive impact on growth. The elasticity of growth with respect to
openness after one year is 0.087. With trade as the measure of openness, this elasticity
is 0.074. Once again the elasticity decreases as the lag length increases. Table 1.13
also shows evidence that larger countries are more open. So once again the result is
similar to that which is obtained with trade as the measure of openness.

The models shown in table 1.13 were estimated via OLS for each country in
the sample individually. These results are illustrated in figures 1.9 and 1.10. Figure 1.9
shows the long run elasticity of growth with respect to openness. This impact is
positive for 64% of the countries in the sample. Most of the countries for which the
impact is negative are low income countries. The largest elasticity in absolute value
belongs to Denmark with a value of -0.905. Argentina is the country with the largest
positive long run effect. As figure 1.9 illustrates this value is 0.793. The average long
run elasticity is 0.078 which is lower than the value obtained using trade (0.167). The
country with the smallest elasticity in absolute value is the Netherlands, with an
elasticity of -0.0019.

The average impact of growth on openness is 0.051. However the elasticity is
negative for 57% of the countries in the sample. Of the four income groups the lower
middle group has the largest percentage (38%) of the countries for which the elasticity

is negative. This is also true when trade is used as the measure of openness.
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Table 1.14 shows evidence that the impact of growth on openness varies across
income groups. For example, the impact of growth on openness after one year is

0.45% higher for upper middle income countries than it is for low income countries.

(iii) Panel Data Granger Causality Tests

Table 1.9 shows the results of conducting an F test for the null of non-causality
on the pooled data. I estimate the models of table 1.13 using fixed effects. The null
hypothesis of non-causality from openness to growth is rejected even at the 1% level.
The test statistic is 29.65 and the p-value is 0. Similarly the null hypothesis from
growth to openness is also rejected. The F statistic is 26.05 and the p-value is 0. We
see that the AR(1) model is most appropriate for the openness variable.

Table 1.11 shows that once again using one lag, the HNC hypothesis from
openness to growth as well as from growth to openness can be rejected for the entire
sample, at the 5% level. Going from openness to growth, the HNC hypothesis cannot
be rejected for the low and high income groups, while the hypothesis from growth to
openness cannot be rejected for the middle income group. This suggests that for the
low and high income countries the direction of Granger causality is from growth to
openness, while for the middle income countries the direction of Granger causality is

from openness to growth.
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(II) Trade in Homogeneous Products
(i) Unit Root Testing

The null hypothesis that every individual in the sample contains a unit root is
rejected using the first difference of the openness measure. The p-values for the
individual unit root tests are less than 0.05 for 83% of the sample. The HNC

hypothesis is tested using the first difference of the variable.

(ii) Preliminary Regressions

Once again, the estimated coefficients on the lagged values of openness, suggest
that a reduction in trade barriers leads to growth. The elasticity of growth with respect to
openness, after one year, is 0.09. This decreases to 0.063 after two years. As table 1.15
shows, the coefficient of lagged growth implies that larger countries are more open.
Table 1.16 illustrates evidence that the impact of growth on openness varies across
income groups.

Figures 1.11 and 1.12 illustrate the results of estimating the models from table
1.15 for each country individually. The average long run elasticity of growth with respect
to openness is 0.073. This elasticity is positive for 64% of the countries in the sample.
Most of the countries for which the impact is negative are classified as low income. As is
the case with trade in differentiated products the country with the largest elasticity is
Denmark, while the country with the largest positive elasticity is Argentina.

The average elasticity of openness with respect to growth is positive (0.079).
However, the impact is negative for approximately half (53%) of the countries in the

sample. As the previous section indicated this is also the case with trade in differentiated
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products. Once again, the lower middle income countries account for the largest

percentage (39%) of the countries for which the elasticity is negative.

(iii) Panel Data Granger Causality Tests
I conduct an F test for the null of non-causality on the pooled data. The null

hypothesis of non-causality is rejected both from growth to openness and from openness
to growth. In both case the p-value is 0. Once again an AR (1) model is most suitable for
the openness variable.

Using one lag, the HNC hypothesis from openness to growth, as well as from
growth to openness, can be rejected for the entire sample, at the 5% level. As table 1.11
shows, the hypothesis from openness to growth cannot be rejected for low, high, and
upper middle income countries. The HNC hypothesis from growth to openness cannot be
rejected for the high and middle income countries.

The results for the statistics that are robust to heteroskedasticity are reported in

the appendix.

1.8 Discussion of Results

The results using trade percentage as the measure of openness indicate that the
HNC hypothesis from openness to growth is rejected for all income groups. However
using the alternative measures of openness the results are different. When trade in
differentiated products is assumed, the HNC hypothesis from openness to growth cannot
be rejected for the low and high income groups. This suggests that the alternative

measure of openness may capture more complexity in the relationship between openness
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and growth than the simple measure does. With a sample of 107 countries, the
assumption of trade in differentiated products is more plausible than the assumption of
trade in homogeneous products. Moreover, as Feenstra, Markusen and Rose (2001) points
out product differentiation is usually assumed w<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>