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ABSTRACT

This thesis comprises four research chapters that examine the issues on
economic trends, determinants contributing economic growth, and competitiveness of
textile industries in China. Chapter 1 provides a schematic structure of this thesis and
summarizes the motives, analytic methods, and empirical findings of the subsequent
chapters. The first part of Chapter 2 reviews unit root test methodology in economic
analyses. On these premises, I develop two new panel unit root tests, which are found to
be more powerful in rejecting false I (1) time series as compared to the performance by
univariate Augmented Dickey—Fuller (ADF) test and some of the conventional panel
unit root tests. The finite sample performance of the two new panel unit root tests is
verified using the Monte Carlo Simulation technique. The methodology purports to
analyze the phenomena in China and Hong Kong textiles industry, which will further be
articulated in part two of Chapter 2. The second part in this chapter uses the gravity
model to estimate the trade elasticity of China’s apparel cottons in the U.S. market for
the period between 1989 and 2009. From the gravity model, two phenomena are
observed. First, there exists a unique long-run equilibrium relationship among the
import quantity demanded, the import price and the U.S. GDP per capita, and second,
the import price and income elasticity are significant with expected signs, and those

estimated parameters are essential for performing trade—policy analyses.

Chapter 3 comprises macroeconomic discussions, generally divided into two
parts. The first part focuses on the tradable goods and financial integration between
China and her main trading partners from the empirical perspectives of real interest

parity, uncovered interest parity and relative purchasing power parity. Using the two



new panel unit root test I developed in Chapter 2, I confirm that tradable goods and
financial integration between China and other trading partners are well established. In
confirmation of the integration relationship, the second part examines the growth path
dynamics and growth determinants in the Chinese economy using the provincial data. I
examine the empirical validity of both beta and sigma unconditional income
convergence across Chinese provinces from 1952 to 2005. Using both linear and
non-linear panel unit root tests, I find that interprovincial inequalities have been
widening since 1978 and such an observation is in line with Pedroni and Yao’s (2006)
findings. In addition, I examine the determinants of conditional income convergence in
China and find that low inflation, better quality of human capital, improvement in
transport and telecommunication infrastructures, and trade openness stimulate economic
growth in China. Interestingly, the dynamic played by human capital is non-linear in the
sense that the growth becomes negative when the human capital are at low levels and

becomes positive when the levels are raised to the middle ones.

Chapter 4 is composed of two interrelated studies in firm performance at the
microeconomic aspect. The first study focuses on the investigation of interrelationships
among firm-related characteristics, business environments and firms’ performance in
China using survey data obtained by the World Bank. The second one explores the key
factors that determine Chinese firm competitiveness in the textile and apparel industries.
In the first study, I use a panel data regression technique to identify factors that
determine a firm’s performance. The first observation is that being a State-Owned
Enterprise has no bearing on a firm’s performance; however, a firm’s age and ownership
status does. The second observation is that there exists a positive relationship between a
firm’s performance and its importation of machinery and equipment for production

purposes. The third observation is linked to exporting firms. Literature shows that a
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firm’s performance is linked to whether or not a firm is performing exporting activities;
however, in my observation, this condition does not exist. Probably, this has been so
because of a different approach I have taken to categorize the Work Bank data. In the
second study, I conduct a survey designed to use productivity, supply-side and
demand-side determinants to measure an enterprise’s competitiveness and find that
government policies and related industry infrastructures are the most important
competitiveness determinants in the textile and apparel industries, followed by domestic

demand.
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Chapter 1: Introduction

This thesis comprises Six research works in three chapters that examine trade
issues in use of new panel unit root tests, and investigate the determinants contributing
economic growth and competitiveness in China and Hong Kong; in particular it
observes the factors affecting China’s apparel cotton trade performance in the US
market. Statistical methods applied in this thesis include panel unit root tests, panel

cointegration test, factor analysis, and panel data regression.

1.1. Developing new panel unit root tests

This part concerns the development of methodology adopted to observe the
captioned phenomena. The seminal work by Nelson and Plosser (1982) about the
existence of unit roots in macroeconomic time series has led to a great amount of
theoretical and applied research since the 1980s. In the absence of unit roots in a
macroeconomic series, two situations will happen: first, mathematically speaking, the
data generating process will be stationary and the mean reversion behavior will occur in
the sense that the macroeconomic series will fluctuate over time around a constant
long-run mean; and second, from the policy point of view, the effects of any economic

shocks are only temporary and will dissipate over time.

Scholars recognize and agree on importance of unit root tests in estimating a
model and hence the development of more powerful tests is still a fruitful research area
because empirical studies may become spurious and meaningless without applying unit
root tests to time series data. Unfortunately, it is well known that conventional unit root

tests are lack of power in the sense that they incline to accept the null hypothesis of



non-stationarity too often when the true data generating process is indeed stationary.
The pitfalls of conventional unit root tests come from the fact that they fail to take
simultaneously the issue of contemporaneous correlations and the features of

non-linearity among members into account.

In light of such pitfalls of conventional unit root tests, this part sets forth to fill
the gap by developing two more powerful unit root tests, taking simultaneously the
issue of contemporaneous correlations and the features of non-linearity among
members into account. A detailed literature review on the theoretical and empirical
research significance of unit root tests are discussed in this chapter. Two new panel unit
root tests are found to be more powerful in rejecting false I(1) time series as compared
to the performance by univariate Augmented Dickey—Fuller (ADF) test and some of the
conventional panel unit root tests. The finite sample performance of the two new panel

unit root tests is verified using the Monte Carlo Simulation technique.

1.2. Export Demand Function of Chinese Textiles Industry: An
Analysis in Comparison with Selected ASEAN Countries

The textile and apparel industry has been playing an important role in
international business and trade. Many politicians, business practitioners and academic
scholars believe in the practice of introducing industrial policies to promote the industry
and to use it as the springboard for their economic development journey. The industry
employs the largest share of the world’s population (Dickerson, 1995) and was
considered as the engine of growth for developed countries during the Industrial
Revolution. Scholars (e.g. Goto, 1989; Cline, 1987) believe that one way to increase
economic welfare for developing countries is to encourage the expansion of the textile

and apparel industry in domestic and international markets. At present, the industry still
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contributes significantly to many economies (Abernathy et al., 2004). In 2004, the
industry reached a retail value of US$2,378 billion. In 2007, the global textile and
apparel industry generated US$583 billion in world exports and accounted for a 4.2 per

cent share of global merchandize exports.

However, after quota elimination, there has been a mixed result on export
performance for a number of countries and economies (WTO, 2006)." China’s textile
and apparel industry is among the largest and fastest growing exporters of textile and
apparel worldwide. The industry accounts for one-fifth of the world’s total production.
According to the China National Textile and Apparel Council (CNTAC, 2004), total
sales of the industries in 2004 amounted to RMB2640 billion, having grown by 22.8
percent from 2003. Relying on relatively low cost and skilled labor, the textile and
apparel industry in China is particularly export-oriented. In 2005, textiles and apparel
accounted for 11 percent of the total export of the economy and 21 percent of the
world’s total export value of textiles and garments. In 2005, these industries employed
19 million people in China, including 13.5 million from rural areas. Hence, the textile
and apparel industry has become one of the pillar industries of China’s economy (Zhang

et al., 2004).

In view of the Multi Fiber Agreement (MFA) elimination, many scholars have
focused on evaluating the bilateral and global impacts of removing MFA quotas as part

of World Trade Organization (WTO) Agreement on the textile and clothing industry.

1 Chinese textile exports grew by 22.8 percent from 2004 to 2005, which accounted for more than 20 per cent of textile trade in
2005. Also, exports from developing countries in Asia (Bangladesh, India, Indonesia, Malaysia, Pakistan and Thailand) grew at
between 7 and 15 per cent. Textile exports from Asia to Africa, Europe and North America increased by 14-20 per cent immediately
after the quota removal. On the other hand, textile exports from East Asian economies (Hong Kong, Japan, Republic of Korea, and
Taiwan) decreased by 3-4 per cent from 2004 to 2005. The EU, the largest textile exporter in the world, also suffered from export

loss in both intra and inter markets, amounting to reductions of 7.2 and 3.3 per cent respectively.



Some of them concentrate on tax equivalents of the elimination of quotas restraint
(Francois & Spinanger, 2001; Elbehri et al., 2003; Kathuria et al., 2001; Yang et al.,
1997). These studies adopt the trade elasticity (i.e. price elasticity and income elasticity)
estimated from previous studies in their empirical works. However, there is little
research on the estimates of trade elasticity for each and every listed MFA item, which
are essentials for evaluating international economic policy analysis. Many empirical
studies on international trade require estimates of trade elasticity. For example, the
estimated trade elasticity is needed to evaluate welfare effects of trade liberalization, as
well as the impacts of currency appreciation on import price and external balance.

In view of this significance, I use the gravity model to estimate the trade
elasticity of China’s apparel cottons in the U.S. market for the period between 1989 and
2009. I provide a comprehensive, up-to-date and disaggregated set of elasticity
estimates using quarterly data for apparel cottons in the U.S. market. The study is more
precise than most studies reported in the literature, which adopt aggregated data and
yearly data, resulting in loss of informational contents and misleading results. In my
empirical examination of the MFA apparel cottons during the years 1989-2009, I apply
panel cointegration techniques, error correction approaches, panel estimation methods,
and the impulse response function to the U.S.’s import demand function for MFA
apparel cottons from China Mainland, Hong Kong and four Association of Southeast
Asian Nations (ASEAN) countries. I draw several important conclusions from this study.
First, there exists a unique long-run equilibrium relationship among the import quantity
demanded, the import price and the U.S. GDP per capita. Second, the import price and
income elasticity are significant with expected signs, of which are significant for
performing trade—policy analyses. Third, the increasing amount of Chinese MFA
apparel cottons export does not threaten the survival of its neighboring countries in the

U.S. market.



1.3. A Quantitative Assessment of Real and Financial Integration in
China

In the era of globalization, a strong connection with main trading partners and
neighboring countries is important for sustained growth and development of the Chinese
economy. China became the 143™ member of the World Trade Organization (WTO) on
11 December 2001 and signed the Agreement on Trade in Goods (TIG) with ASEAN
countries at the 10™ Summit in Vientiane in November 2004, in the hope that closer
international trade and investment would occur by removing trade and investment
barriers in the global market. The ultimate goal of these policies is to enable Chinese
enterprises to become competitive, and China to achieve higher income growth.
However, the future performance of the Chinese economy is still uncertain and
dependent on how strong the connection China has with her main trading partners and

neighboring countries.

There are only several thoroughgoing quantitative analyses focusing on the
empirical issues of tradable goods and financial links between separate countries.
Cheung et al (2003, 2006) quantifies the degree of integration in capital, financial and
goods markets by using the methodology of Augmented Dickey-Fuller (ADF) unit root
test. Cheung et al., (2003) studies the real and financial integration among China, Hong
Kong, and Taiwan in the period from Feb 1996 to June 2002. They find China and
Hong Kong appear to have experienced significant increases in integration. Cheung et
al., (2006) extends the study by including Japan and the U.S. and find evidence in favor
of tradable goods and financial integration between China and Japan as well as China
and the US. Unfortunately, the unit root tests applied in the study are not appropriate in

the sense that they ignore the issues of contemporaneous cross-sectional dependence



and non-linear dynamic in the arbitrage process and this may lead to misleading

conclusions regarding degrees of tradable goods and financial links.

In light of such pitfalls of conventional unit root tests adopted, part one of
Chapter 3 sets forth a unit root test that takes into account the non-linearity and
contemporaneous cross-sectional dependence as developed in Chapter 2 to examine the
degrees of real and financial links. In addition, I extend the geographical coverage to
China’s four main trading partners and four ASEAN countries® such that the study is of
current interest to readers in the era of globalization. The empirical evidence suggests
that real and financial integration between China and its trading partners are well
established. These findings provide supporting evidence in favor of the international
competitiveness of the Chinese economy from the perspective of degree of integration

in the tradable goods and financial markets.

1.4. New Evidence about Regional Income Divergence in China

The analysis of growth convergence and growth determinants is based on
Solow’s (1956) model; this neo-classical growth model predicts that a poor economy
tends to grow faster than a rich one. On this ground, there are a vast amount of studies
devoted to economic growth and convergence (see Baumol, 1986; Barro, 1991; Barro
and Sala-i-Martin, 1991; Mankiw, Romer and Weil, 1992; Jones, 1997; Pritchett, 1997
among others). The assumption of diminishing returns is crucial for the convergence
hypothesis to hold. This is because economic agents will allocate labor and capital

resources across different locations so as to maximize their wealth. As a result,

2 Four main trading partners are the United States, European Union, Japan, and United Kingdom. Four ASEAN countries include

Singapore, Thailand, Malaysia, and the Philippines.



differences in returns to labor or capital among different regions will diminish over time.
However, I argue in my paper that only when all economies are able to access to the

same technology can it eventually leads to convergence in the long-run.

One channel for technology spillover across borders is through the inter-regional
trade of manufactured goods and production specialization. Fan (2004) provides a basic
analytical framework, which builds on Dixit and Stiglitz’ (1977) work. The major
theoretical implication of Fan’s model is that economies with very different structures
will converge to the same equilibrium in the long-run in a non-linear dynamic mean.
The model also incorporates the role of product quality and international trade to
explain the East Asian miracle and the empirical finding of conditional convergence. In
the study, quality is perceived as a superior goods and the demand for it increases with
income. His model suggests a conflict in the preference for the ideal quality of
consumption between the rich and poor regions. A poor region may choose an “inferior”
autarkic production technology so that a greater quantity of “low” quality goods can be
produced, subject to a given availability of resources. By making such a trade off, the
poor region forgoes the opportunity of joining the “global” markets and catching up
with its neighbors through division of labor, production specialization and technology

spillover. Therefore, I expect the growth path will be in a non-linear dynamic.

Another endowment for economic growth is human capital. Poor regions will
grow eventually when their human capital accumulates over time. When this capital
approaches the average levels of other regions, the chance of participating in “global”
industrial specialization will occur. I denote a threshold level, “c”, of human capital
accumulation beyond which the economy will experience a “jump” in its per capita

human capital and income and I expect the growth path will again be non-linear.



Thus far, there is no empirical research devoted to studying the possibility of
non-linear growth dynamics with regard to the above two aspects. In my studies, I
model the growth dynamics of Chinese provinces in such a way that the economy may
only experience a high economic growth rate when it reaches the threshold level of
human capital accumulation and starts to engage in trade with other regions. I use the
ESTAR (i.e. non-linear panel unit root test) model to estimate the growth dynamics
across provinces so as to capture the likelihood that the growth rate of different
localities will converge provided that they reach the threshold level of human capital

accumulation.

The growth path dynamics and growth determinants in the Chinese economy are
examined using provincial data. I examine the empirical validity of both beta and sigma
unconditional income convergence across Chinese provinces from 1952 to 2005. Using
both linear and non-linear panel unit root tests, I find that interprovincial inequalities
have been widening since 1978 and such an observation is in line with Pedroni and
Yao’s (2006) findings. In addition, I examine the determinants of conditional
convergence in China and find that low inflation, the quality of human capital,
improvement in transport and telecommunication infrastructures, and trade openness
stimulate economic growth in China. Interestingly, the dynamic played by human
capital is non-linear in pattern in that economic growth becomes negative when the
human capital are at low levels and becomes positive when the levels are raised to the

middle ones.



1.5. Determinants of Chinese Manufacturing Firms’ Performance

Solow’s (1956) model concludes that growth rate of output in the long-run
depends upon the rate at which technological change occurs. Exports, imports of
machinery and capital, and foreign direct investment (FDI) are channels through which
technology and hence economic performance can be enhanced. A number of studies
document a direct relationship between trade and economic growth using cross-country
data’. Recently studies find evidence that exporting firms achieve higher productivity
than non-exporters®, and exporting activities Granger-cause productivity’. Fan and Hu
(2008) examine the relationship between firms’ productivity and imports through which
technological progress occurred for Chinese enterprises. However, there is lack of
literature on comparing the efficiency of different channels on enhancing firms’

performance. The study attempts to fill this gap.

In this chapter, I illustrate the interrelationships among firm-related
characteristics, business environments and firms’ performance in China using survey
data obtained by the World Bank. I use a panel data regression technique to identify
factors that determine a firm’s performance. The first observation is that being a
State-Owned Enterprise has no bearing on a firm’s performance; however, a firm’s age
and ownership status does. The second observation is that there exists a positive
relationship between a firm’s performance and its importation of machinery and
equipment for production purposes. The third observation is linked to exporting firms.

Literature shows that a firm’s performance is linked to whether or not a firm is

3 The relevant empirical literature includes Sachs and Warner (1995), Edwards (1998), and Frankel and Romer (1999).
4 For example, Bernard and Jensen (1999) and Clerides, Lach, and Tybout (1998).
5 See for example, Aw et el., (2008, 2009), Alvarez and Lopez (2005, 2008).



performing exporting activities; however, in my observation, this condition does not
exist. Probably, this has been due to a different approach I have taken to categorize the

Work Bank data.

1.6. Determinants of Competitiveness: Observations in China’s Textile
and Apparel Industries

In the era of globalization; China is the unrivalled leader of export growth during
the past two decades (Dollar and Kraay, 2003). The researchers argue that openness to
foreign trade is not a sufficient condition for sustained GDP growth. They further
suggest that, “For China and other developing countries to perform well, investment
climates are important complements to good macroeconomic and trade policies” (Dollar
and Kraay 2003, pp.7). The above suggestions support a need for comprehensive study

on the determinants of competitiveness in china’s manufacturing industry.

There are uncertainties for China’s textile and clothing firms in the post
quota-elimination era. China not only needs to sustain her competitiveness and survive
in the post-quota regime, but also needs to exploit the opportunities created by the
increased competition in the industry. The elimination of quotas leads to an opportunity
to increase exports for countries having high competitive power in textile and clothing

industry. Competitiveness is a key determinant of a firm’s survival in the global market.

Despite the fact that competitiveness has long been a popular topic of discussion
in national performance research, comprehensive studies regarding the determinants of
competitiveness from the point of view of entrepreneurs’ are, however, insufficient. In

this discussion [ attempt to explore the micro foundations of enterprises’
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competitiveness by examining the perceived factors of competitiveness among of

Chinese textile firms.

I analyze the field survey that uses productivity, supply-side and demand-side
determinants to measure enterprises’ competitiveness in relation to Chinese textile and
apparel firms. The collected survey data is then analyzed using factor analysis to
capture the related determining factors indicative of competitiveness at the enterprise
level. The survey is conducted with Chinese textile firms located in two regions: the
Pearl River Delta at Guangdong and Yangtze River Delta at Zhejiang and Jiangsu,
where textile and apparel clusters are significant. In the majority, the enterprises are
export-oriented and compete in the worldwide marketplaces. The findings demonstrate
that government policies and related industry infrastructure are the most important
competitiveness determinants in the textile and apparel industries, followed by domestic
demand. This suggests that the improvement of industry infrastructure can foster
industry performance and that more resources should be endowed to enhance the
domestic business competitiveness of local enterprises. The development of domestic
demand will foster the competitiveness of the textile and apparel industries on a more

sustainable basis.
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Chapter 2: Non-linear panel unit root test and its
application, AND the export demand function of
Chinese Textiles Industry: An Analysis in

Comparison with Selected ASEAN Countries

Part 1- Non-linear Panel Unit Root Test and Its

Application

2.1. Introduction

Econometrics always plays an important role in mainstream economics research
because it provides a tool for researchers to confirm or reject the refutable implication
derived from the economics model. The primary revolution in modeling economic
phenomena in past decades is the unit root test developed by Dickey and Fuller (1979),
which has both statistical and economic implications in economic modeling, and it has,

indeed, many practical uses.

A number of studies provide an introduction to the unit root literature; they
include Perman (1991), Campbell and Perron (1991), Dolado et al., (2006). Theoretical
papers on the unit root, at a higher technical level, include surveys conducted by Dickey

et al., (1986), Elliott et al. (1996), Perron (1988), and Diebold and Nerlove (1988).
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The outline of this chapter is as follows. In section 2.2, I define and illustrate the
concept of the unit root test and the statistical significance of the unit root test in
economic modeling. In section 2.3, an overview of empirical studies involving the use
of the unit root test is provided. The related focuses include purchasing power parity,
unconditional convergence hypothesis, and financial market bubbles in macroeconomic
aspects, while corporate profit persistence and financial leverage mean reversion
behavior are the specific areas of application in microeconomic study. All the above
applications, indeed, provide us with implications about regional and international
competitiveness of the economy. In section 2.4, I study the historical development of the
linear panel unit root test, which can take the issue of contemporaneous correlations
among members into account, with an application to four OECD countries. In section
2.5 1 develop a more powerful non-linear panel unit root test, and examine the
Purchasing Power Parity (PPP) hypothesis of China’s four main trading partners.
Section 2.6 discusses some important issues in selecting an appropriate panel unit root

test. Section 2.7 closes this paper.

Section 2.8 go 2.13 is devoted to the study of export demand function. Section
2.8 introduces the topic. In section 2.9, the results of previous studies on the import
demand function and gravity model are briefly discussed. Section 2.10 and section 2.11
provides econometrics methodology for addressing the issues of estimating trade
elasticity. The main findings are presented in section 2.12 and the section 2.13 close the

second part.
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2.2. Statistical significance of the unit root test

The conventional econometric method employed in testing the relationship
between explanatory variable and potential independent variables is ordinary least
square (OLS) regression technique. In order to have valid estimates and inference
statistics (i.e. mainly t-statistics), researchers need to assume constant mean and
variance across the sample, which is the reason for testing autocorrelation and
heteroskedacity for the residuals of the estimated model. Variables with the
characteristics of time variant means and variances are called non-stationary or unit root
variables. When we use the OLS estimation technique to estimate relationships
involving unit root variables, we always jump to misleading inferences, and this
problem is known widely as the spurious estimation problem, as advocated by Granger

and Newbold (1974).

The intuitive explanation for spurious regression is that, if sample means and
variances of unit root variables is time dependent, then all the computed summary
statistics fail (first, second, and third moment) to converge to their true values, even
asymptotically, as the sample size increases. Consequently, the conventional tests of
hypothesis and the corresponding test statistics will be seriously biased towards
rejecting the null hypothesis (i.e. no relationship between the dependent and
independent variable), even if the null hypothesis of no relationship between unit root
variables is true. Philips (1986) develops a theoretical model to show that a spurious
regression usually includes indicators, for example, high t-statistics and low

Durbin-Watson (D-W) statistic®, whereas low DW statistic indicates variables in the

6 Where large t-statistics indicates high correlation between dependent and independent variables, while DW statistic measures

autocorrelation in the residuals.
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regression are non-stationary. To illustrate the above significant statistical implication,
the author performs a Monte Carlo Simulation experiment’, as advocated by Granger

and Newbold (1974). Suppose an economist has a bivariate normal model as follows:
y(t)=2,+Bx(t)+&(t) t denotes time.
Where
y(t)=y(t-1)+o(t)
X(t)=x(t=1)+u(t)
o(t) and w(t) are both identically and independently distributed.

Apparently, variable y and x has a unit root, which means that the first difference

of the variable is stationaryg, and, therefore, U(t) and ,u(t) are white noise. The

steps of experiment are explained as follows:
1).To generate the residual U(t) and ,u(t) randomly from a normal distribution
with mean 0 and variance of 1, and the observations of the artificial time series is set to

100. 2). Run the regression using OLS. 3). Plot the series. 4). Plot the fitting line and

show the t-statistic of its slope

In theory, we expect fB=0 because U(t) and ,u(t) are randomly generated.

However, t-statistic, the coefficient of multiple correlation R?, and F-statistic all suggest
that variable X (t) has significant impact on variable y (t). Not surprisingly, variables are
highly correlated due to the fact that they both have time trend, not because they have

any intrinsic relationship.

7 Monte Carlo experiment is a class of computational algorithms that rely on repeated random sampling to compute their results.

8 “Stationarity” implies constant mean and variance of the variable over time.
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2.3. Exemplary Applications of unit root test

The key element presented by the Keynesian and neoclassical macroeconomic
archetype is that economic shock (i.e. aggregate demand shock) imposes only
temporary fluctuation on the economy, the impulses will die out eventually through time,
and the economy will, once again, reach full employment equilibrium sooner or later. If
the above assumption about the dynamic of the economy is true, the real output should

be stationary.

In contrast, the real business cycle theorists have argued that economic shocks
have permanent effect on the output, and have proposed that those fluctuations are
caused by shock to the aggregate supply. If the above assumption about the dynamic of
the economy is true, then the real output should be non-stationary. In their seminal
paper, Nelson and Plosser (1982) finds that most US macroeconomic time series data
are, indeed, I(1)°, and this evidence supports the real business cycle theorists.
Nevertheless, the conventional unit root test (i.e. ADF test) used is well known for
lacking power against the null hypothesis of having a unit root, and, therefore, there is a
vast and growing body of research looking at the development of more powerful unit

root tests.

In the following sections, I attempt to illustrate the significance in use of unit
root tests in a number of economic phenomena, which include purchasing power parity,
unconditional income convergence hypothesis, and financial market bubbles in

macroeconomic aspects, while corporate profit persistence and financial leverage mean

9 1(1) data means the time series data needed to be differenced once in order to have constant mean ands variance overtime. In this

sense I(1) data is nonstationary in nature.
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reversion behavior are the corresponding study in microeconomics. I would further
apply the methodology of unit root test for textiles trade elasticity estimation. (See

section 2.8-2.13)

2.3.1. Purchasing power parity

Developed by Gustav Cassel in 1920, the idea of purchasing power parity (PPP)
is based on the law of one price, in that, in an efficient market, identical goods must
have only one price after taking account of nominal exchange rate, and domestic and
foreign prices while assuming negligible transaction cost. PPP theory uses the long-term
equilibrium exchange rate of two currencies to equalize the purchasing power of two
countries. The idea of PPP rests on the competitiveness'® of a nation because it assumes
that nominal exchange rate equalizes the purchasing power of two currencies in the
domestic and foreign country with a given basket of goods. It is often used to compare
the standards of living between countries, and so it is a common practice, nowadays, to
use PPP-adjusted GDP per capita to compare living standards across countries. If PPP
holds, then the bilateral exchange rate is proportional to the difference in the inflation

rates between two countries.

PPP is regarded as one of the three pillars of international trade and finance; thus,
if PPP is invalidated, then previous studies on international trade may be invalid

because all the theoretical models are derived under the assumption of PPP being valid.

10 The Balassa and Samuelson (BS) hypothesis (Balassa (1964), Samuelson (1964)) postulate that countries with faster relative
productivity growth in their tradable sector, as compared to that of the non-tradable sector, will exhibit real currency appreciation.
Therefore the BS hypothesis implies that economic development and the real exchange rate are closely related because higher
treatable sector productivity is normally linked to real GDP growth. Thus it concludes countries with slower economic growth as

compared with her trading partners will experience real exchange rate depreciations with respect to her trading partners.
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Despite the importance of the concept, researchers still lack consensus with regard to
the validity of PPP (Rogoff, 1996; Cheung & Kon, 2000; Taylor & Taylor, 2004). As
illustrated in section 2.5.1, using OECD countries, if the observed purchasing power
parity differential is found to be stationary, then there is evidence in support of PPP, and

vice versa.

2.3.2. Unconditional income convergence hypothesis

The analysis on conditional convergence literature is based on Solow (1956)’s
model. This neo-classical growth model predicts that a poor economy tends to grow
faster than a rich one. A vast amount of studies (e.g., Baumol, 1986; Barro, 1991; Barro
& Sala-i-Martin, 1991; Jones, 1997; Pritchett, 1997) devoted to economic growth and
convergence are based on Solow’s model. The assumption of diminishing returns is
crucial for the convergence hypothesis to hold. Economic agents allocate resources (i.e.
labor and capital) across different locations so as to maximize their wealth. As a result,
differences in returns on labor or capital among different regions will diminish over
time. However, I argue in my paper that only when all economies are able to gain

access to the same technology may there be, eventually, convergence in the long-run.

Following Evans and Karras (1996), the term ‘income convergence’ may be
defined as the convergence of long-run output difference as the forecasting horizon
increases. It implies that the per capita GDP of any pair of countries will converge to the
same level in the long-run. In statistical terms, the per capita income gap between any
two countries must be mean-reverting or stationary, if the conditional income

convergence hypothesis is hold.

18



2.3.3. Financial market bubbles

Explosive bubbles in the financial market rest on the asset pricing theory, which
is first proposed by Blanchard and Watson (1983), assuming that investors believe that
they can resell the assets, such as stocks, foreign exchange and real estate, at higher
prices in the future. The assumption that all investors have rational expectations and
symmetric information leads to explosive bubbles, in the sense that the observed price is
higher than its corresponding fundamental value. If an explosive bubble in the stock
market exists, then the residual from the regression of real stock price on real dividends
will be non-stationary. Diba and Grossman (1987), and Campbell and Shiller (1987),
using US annual data, test for unit root of the regression residuals and conclude that
there is no evidence of speculative bubbles. Fukuta (1996) also argues that, if the first
difference of real stock price is stationary, then there are no explosive or speculative
bubbles in the stock market. More recently, there are also studies in this area (e.g.

Cooper et al., 2001; Ritter & Welch, 2002; Ofek & Richardson, 2003).

2.3.4. Corporate profit persistence

A number of studies on profit persistency have been initiated by the seminal
papers of Mueller (1977, 1986, 1990) and Geroski and Jacquemin (1988). With the
presence of entry barriers and product differentiation, firms may enjoy excess profit in
the short run and, eventually, reach the breakeven point in the long-run. The unit root
test has played an important role in testing for profit persistence. A random walk
process is confirmed if the profit series is found to be non-stationary, implying that a
current return provides most of the information on a future’s return, therefore providing

evidence for profit persistence.
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Geroski (1990) suggests that a firm’s profitability growth exhibits persistence
over time, while Bektas (2007) finds that profit persistence does not exist in the Turkish
banking system because stationarity is found in the dataset. A detailed survey of
previous studies is provided by Lipczinsky and Wilson (2001), indicating that the

empirical results are mixed.

2.3.5. Financial leverage mean reversion behavior

In corporate finance, the trade-off models propose that the firm will choose the
optimal debt-to-equity ratio so as to maximize its value by equalizing marginal benefits
of leverage (i.e. tax savings) and marginal costs of leverage (i.e. default costs), as seen
in the detailed discussions by Bradley et al., (1984), and Harris and Raviv (1991). In
contrast, the pecking order theory, according to Myers and Majluf (1984), suggests that
external financing for an investment project is not preferred by the firm due to
asymmetric information about the correct value of external funding. Consequently, there
is no optimal financial leverage and the firm will always prefer debt financing over
issuing new equity, keeping other items constant because the problem of asymmetric
information and also the problem of moral hazard are more severe for the later financing

channel.

Using the unit root test, the researcher can examine which theory holds by
examining the stationarity of the debt-equity ratio. Evidence supports the trade-off
model once the debt-equity ratio is found to be stationary, because it suggests that firms
will, gradually, adjust to the optimal and constant debt-equity ratio, and shocks are only

temporary.
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2.4. Development of a more powerful linear panel unit root test

In this section, I would employ Purchasing Power Parity as test bed to evaluate
the performance of new developed panel unit root tests. There has been a surge in
research into PPP in recent years. For example, Taylor (1988), using the cointegration
technique, finds extremely unfavorable evidence against the long-run PPP on five major
currencies. Lothian and Taylor (1996) find that the null hypothesis of a unit root cannot
be rejected and hence, there is lack of evidence of long-run PPP existing within the
Kareken-Wallace two-country overlapping generations (OLG) model. However, Taylor
(2003, 2006) provides a comprehensive review on the recent development on long-run
PPP, pointing out that the conventional unit root tests are not powerful enough to reject
the null hypothesis of a unit root, thus resulting in a misleading conclusion on the
long-run PPP. Taylor concludes further that developing more powerful unit root tests
has become the focus of a growing body of literature, either by incorporating more
information (panel unit root test) or allowing for non-linearity in the adjustment of real
exchange rates. The focus of research interest is to develop a more powerful panel unit
root test while taking non-linearity and contemporaneous cross-sectional dependence

into account.
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2.4.1. Univaraite augmented Dickey-Fuller test

I first employ the annual real exchange rate of four OCED countries as test bed:
Denmark, Norway, Netherlands and Spain. All data are collected from International
Financial Statistics (IFS) from 1950 to 1995. Real exchange rates are measured in

logarithms, such that the series of interest for country i is, at time t,

Yit =€ —Cus T Ciy t=1..,T 2.1)
where Y, is the logarithm of the real exchange rate against the US dollar, €;,

is the logarithm of the nominal exchange rate against the US dollar, and C,, and ¢,

are, respectively, logarithms of consumer price indices in the US and country i. Let’s

suppose that the data generating process for real exchange rate has the form:
K,
Yii=o t 0, Yiga t Zé‘l,jAyl,t—j + 4 t=1L..,T
i=1
Ki
Yie =i+ 0 +z5i,jAyi,t—j + Ly t=1..T 2.2)
j=1

where K; is the number of augmenting terms and {u, , } (i =1,2..,4) are white noise

series independently distributed across countries, i.e. U, ~id(0,07) . 1 rearrange

equation (2.2) so that it becomes:

K,
Ay =+ Y+ zé‘l,jAyl,t—j + t=1..T
=

Ki

AYi =0+ B Y + D6 A + My t=1,..,T (2.3)
j=1

where A is the first difference operator and S = (6 -1), since there was no

serial correlation detected when one lagged augmentation term was implemented. Also,

an additional lag was insignificant at the 10% level, and so, the specification of (2.3)
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becomes:

Ay =a+ B Yiga T 51Ay1,t—1 + 4 t=1..,T

AYi =+ BYi +OAY o+ iy t=L..T 2.4)
Hence, the null hypothesis and the alternative is:
Homori B =0, Hyori:5<0 i=L...,N 2.5)

Table 2.1 indicates that the unit-root null hypothesis is accepted and hence, the
purchasing power parity hypothesis is rejected for all countries. Next, I proceed to
examine the two conventional panel unit root tests and their potential weaknesses when

applying to empirical studies.

Table 2.1. Univariate Augmented Dickey-Fuller test

Country Bi Test Stat. (p-value#)
Denmark -0.06 -1.352 (0.6038)
Norway -0.054 -1.403 (0.5794)
Netherlands -0.56 -1.244 (0.6539)
Spain -0.086 -1.644 (0.4602)

#MacKinnon approximate p-value is used
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2.4.2. Conventional linear panel unit root tests

The Im, Pesaran and Shin (IPS) Tests

The Im, Pesaran and Shin (1997) test is based on the mean of the individual ADF
t-statistics of each member in the panel. The IPS test assumes that all series are
non-stationary under the null hypothesis. In contrast to the LL test, the IPS test assumes

that, under the alternative hypothesis, at least one series is stationary. That is:

Howps : 8, =5=0 (i=12,...,N) (2.6)
Hiops:fi=p<0 for i=12,.,N, and S =0 for i=N +L..,N

However, the IPS test fails to take contemporaneous cross correlation among
panel members into account, as well as fails to specify which panel members are

stationary and which are not.

The Sarno and Taylor tests

Sarno and Taylor (1998) proposed a Multivariate Augmented Dickey-Fuller
(MADF) test. The test applies Zellner’s Seemingly Unrelated Regressions Estimation
(SURE) " to equation (2.4) while allowing for contemporaneous -cross-sectional
correlations across panel members. Under the null hypothesis, all of the series under
consideration are realizations of I(1), while under the alternative panel, members are

allowed to have different convergent rates. That is:
HO,MADF pB=p=0,

H weor : B, =<0 (i=12,.,N) 2.7)

11 SURE is a technique for analyzing a system of multiple equations with cross-equation parameter restrictions and correlated error

terms.
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The MADEF test takes into account the contemporaneous error correlations across
panel members, but it provides no information on which panel members are stationary
and which are not, due to the restrictive joint hypothesis of the null. Furthermore, even

one stationary series inside a panel will lead to a rejection of the null hypothesis.

The Breuer, McNown and Wallance (BNW) tests

Interestingly, all old-fashioned panel data root tests tell the same story, which is
when the joint null hypothesis was rejected it implies only that not all countries
converge to the long-run hypothesis. Unfortunately, in what we interested is which
country converge to PPP and which do not. The BNW test, developed by Breuer et al.,
(2001), applies the method of SURE to equation (2.4), which allows the autocorrelation

coefficient and the lag structure to vary across the panel. The hypothesis is:
Honeor 15 =0, Hygpur 15 =<0 (i=12,.,N) (2.8)

Table 2.2 reports the BNW statistics, along with the simulated critical values. It
concludes that the null hypothesis is rejected for Norway at the 10% significance level,
while Netherlands and Denmark are close to 1(0). This finding implies that the PPP

hypothesis holds for Norway only.
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Table 2.2. BNW test results with simulated critical values

Test Stat. Simulated Critical Values
Country
1% 5% 10%
Denmark -3.68 -4.78 -4.216 -3.87
Norway -3.8* -4.661 -4.024 -3.683
Netherlands -3.41 -4.721 -4.111 -3.797
Spain -2.83 -4.343 -3.755 -3.432

* denotes significance at 10% significance level

In what follows, I will provide details of the simulating procedures for critical values,

power and size analysis.

2.4.3. BNW test: Critical values

The critical values adopted in Table 2.2 come from 50000 simulations
constructed at 1%, 5% and 10% significance levels (one-sided test), and the lower tailed
bootstrap critical values are reported in Table 2.3. Critical values must be simulated with
error covariance matrix, the coefficients on the lagged difference estimated being based

on a I(1) environment (null hypothesis) assuming no drift unit root process. That is:

AY = O0AY, t=1,..T

AYyy =AY+ iy, T=10T (2.9)

First, equation (2.9) is estimated applying the Seemingly Unrelated Regression

Estimation (SURE) technique. The estimated vector of parameters such as

S H o, Hist A Hg,Hist - . . . o i
o "™ and g™ is gathered and the null variance-covariance matrix ¥ """ of
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AP™ s constructed. A vector of uncorrelated artificial error terms (NxT), a0 " is

randomly drawn, such that 2"F*" ~ N(0,1). The Cholesky decomposition of the null

b . b S H Hist . .
variance-covariance matrix """ produces the lower-triangular (square root) matrix

" _ < Hy Hist . . .
L, such that LL =% . Hence the cross-correlated artificial vector of residuals can

~H,,Sim =L ~ H,,Ran
=Lu

be generated as: A Next, yi*, the first differenced artificial series is

generated as:

Ayl*,t = 51HO’HiStAy1*,t—1 + :UlHO’Sim t=1..T

A, =S A =1 T (2.10)

To minimize the effect of sensitivity on initial conditions, 96 observations are
generated for each variable, with the first 50 observations deleted, leaving us with 46

usable observations. The initial values for each simulated series are set to zero. That is:
AYni =0, Yuo ;=0 (for t—j<0),and Ayy, = uy™" 2.11)

Finally, I need to generate the level artificial series as:

yl*,t = Ayl*t + yl*,t—l t= 1,...,T

yit = Ayi*’t + yi*,t_1 t=1..T (2.12)
With these 50000 bootstrap series I can obtain the bootstrap estimates, such as

a’, B 6" | after estimating model (2.4).
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2.4.4. BNW test: Power and size analysis

I examine the power and size properties of the BNW test through Monte Carlo
Simulations. Power test and size test are based on 50000 replications. In the power
simulation, the ‘true’ values of the intercept and the variance covariance matrix used are

&"  and 3" which are available immediately after estimating equation (2.4). A

2

~ Hist,Ran
M

vector of uncorrelated artificial error terms (NxT), is drawn randomly, such

that 4™"% <~ N(0,1) . The Cholesky decomposition of the full sample

A

variance-covariance matrix Y

produced by the lower-triangular (square root) matrix

A

S, such that SS'=X Hist Hence, the cross-correlated artificial vector of residuals can be

generated as:

A P,Sim _S ~ Hist,Ran
=Su

7,
Next, the I(0) level series is generated by setting the AutoRegresive coefficient to
0.95 so that:

K,
PP A Hist P Hist /\, p p P.Sim
Yii =Y to o — 0.05 Yiea T E ,51,1' (yl,t—j - yl,t—j—l) + 4

=

Kl
P _ P ~ Hist P Hist p p P,Sim _
Ve =Ynea @y —0.05yg,, +25N,j (yN,t—j - yN,t—j—l)+:uN,t t=1..,T
j=1
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The initial values for each simulated series are, as before, set to zero. Finally, the

first differenced series is obtained by:

Ath = yﬁt - y1F:t71 t=1..T

AYpe=Yne— Yne t=1..T (2.14)

The size test is similar to the power test except by setting the AR (1) coefficient'?
to a unit root, that is, makes it 0 instead of -0.05 in model (2.13). As usual, 96
observations are generated for each variable, with the first 50 observations deleted to
avoid sensitivity to initial conditions, which ends up with 46 usable observations. Table
2.3 reports the power and size results for the single ADF and BNW tests. Size and
power of the test are determined by the rejection rate of the unit root null hypothesis
using 5% critical values. A lower rejection rate leads to better size behaviour, while a

higher rejection rate leads to more power gains.

Table 2.3 . Empirical Size/Power of ADF & BNW tests

Size Power
Country
ADF BNW ADF BNW
Denmark 0.0440 0.0526 0.1374 0.3628
Norway 0.0462 0.0550 0.1452 0.3634
Netherlands 0.0444 0.0494 0.1246 0.2914
Spain 0.0492 0.0596 0.1482 0.3186

12 This coefficient measures the degree of a time series data of current period exhibits cause and effect relationship with its

one-step ahead time period data.
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2.4.5 LAULIN test

In this section, I introduce an alternative method, Lau’s linear panel unit root
(LAULIN) test as introduced by Lau (2009). This modification makes use of the

bootstrapping method, instead of simulation. Unlike equation (2.12), I generate

~AH,,Hist -1 ~ Hg,Hist
g =L4

1t My (2.15)

~H, Hlst H Hist 1AH Hist ~ H Hist -1 —1&H Hist s -1
where E(¢," )=S5" ST I=STE ST =1

I next bootstrap £ to get "™ and then obtain
/i}ll'l L Hist* — S "Hn Hist* (2.16)

~H H'st*AH Hist* H Hist
where E(4 " 4" ')=SS'= '

instead of ,ulHt s

b 9

H, Hist*

Finally, I use /i, to generate y* series. Table 2.4

reports the test statistics and critical values of this modified test. When compared with
the BNW test, it is concluded that Denmark and Norway are stationary, while
Netherlands and Spain are non-stationary. Furthermore, this modified test performs
better than the BN'W test in terms of power and size properties on average, as shown in

Table 2.5.
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Table 2.4. Modified test results with simulated critical values

Simulated Critical Values

Country Test Stat.
1% 5% 10%
Denmark -3.68%* -4.494 -3.705 -3.323
Norway -3.8* -4.643 -3.957 -3.595
Netherlands -3.41 -4.75 -4.048 -3.672
Spain -2.83 -4.444 -3.773 -3.416
* denotes significance at 10% significance level.
Table 2.5. Empirical Size/Power of ADF & Modified test
Size Power
Country
ADF LAULIN ADF LAULIN
Denmark 0.044 0 0.1374 0.999
Norway 0.0462 0 0.1452 0.999
Netherlands 0.0444 0 0.1246 0.186
Spain 0.0492 0 0.1482 0.999
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In this section, I present the BNW test and the new linear panel unit root test
developed by Lau (2009). It overcomes the pitfalls of old-fashioned panel unit root tests
and makes it possible for researchers to test individual series for a unit root while taking
contemporaneous cross-sectional dependence into account by avoiding the drawing of

conclusions about only the panel as a whole.

I perform a single ADF test and several old-fashioned panel data unit root tests
on the logarithms of the real exchange rates of four OECD countries. The conventional
ADF test rejects the unit-root null hypothesis for all countries, implying that none of
them converge to long-run PPP. Moreover, conventional panel data unit root tests are
not able to differentiate which countries converge to long-run PPP and which do not.
The only conclusion they reach is that all countries, as a whole, do not converge to
long-run PPP. However, the BNW test reveals that Norway converges to long-run PPP.
Moreover, the LAULIN test concludes that, except Spain and Netherlands, other
currencies are stationary. I also demonstrate, through the Monte Carlo Simulation
experiment, that Lau’s test gains additional power over the single ADF test, and BNW

test on average with satisfactory size behavior at negligible computational expense.

2.5. A more powerful non-linear panel unit root test

Pesaran (2007) develops a simple linear panel unit root test called
cross-sectionally augmented ADF statistics (CADF), which takes into account
cross-sectional dependence across panel members. It is also shown that the individual

CADF statistics are asymptotically similar and do not depend on the factor loadings.
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There is a growing body of literature on the study of non-linear adjustment of
macroeconomic variables. The equalization dynamics of prices of goods and factors of
production follow a non-linear dynamics, as shown by many researchers (e.g. Michael
et al., 1997; Taylor et al., 2001; Sarno et al., 2004). These models suggest that exchange
rate adjustment follows a non-linear path due to the existence of “bands of inaction” in
the exchange rate adjustment process. Within the bands, arbitrage of tradable good is
not profitable because transaction cost (i.e. the sum of transportation cost, cost of trade

barriers, and distribution cost) is greater than the price difference (Krugman, 1993).

Fan (2004) shows that, theoretically, the growth path of a developing economy
may exhibit non-linearity. In the same fashion, Lau examines empirically whether the
regional growth dynamics in China (Lau, 2010a) and United States (Lau, 2010b) follow
a non-linear path, and the economy may only experience a high growth rate when it
reaches the threshold level of human capital accumulation and starts to engage in trade
with other regions. I adopt the Exponential Smooth Transition Autoregressive (ESTAR)
model to specify the nonlinear growth dynamic across regions so that it can capture the
likelihood that the growth of different regions will converge only if the region reaches a

threshold level of growth rate.

2.5.1 Traditional non-linear panel unit root test

Cerrato et al., (2009) developed a new non-linear panel ADF test under

cross-sectional dependence, which is based on the following the ESTAR specification

applied to the de-meaned series of interest. For example, let Y, be the real exchange

rate in PPP theory, which could be the logarithm of the real exchange rate against the

US dollar.
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In its general form, we have:

Vi =&V & V2@ Vg )+ s 1=10T, i=L.,N, (2.17)
where
Z(@I 5 Yi,t—d ) =1- exp[—@i (Yi,t—d - C)Z] (2-18)

where 6 is a positive coefficient and c is the equilibrium value of the real

exchange rate. The initial value Y,, is given, and the error term g, has the one-factor

structure:
=7 f+ e,
&, ~11.d.(0,07) (2.19)

where f; is the unobserved common factor, and ¢ i is the individual-specific
(idiosyncratic) error. Following the existing literature, the delay parameter d is set to
be equal to one, so that equation (2.17) may be rewritten in first difference form in

general as:

h-1 h-1
AV = +& Y + zé}jhAyij,t—h + (O_G* + fi*yi,t—l + zé}hAyi,t—h) *Z(O5 Vi) Tyt e
h=1 h=1

(2.20)

Notice that when ;/i’tfd =Cc, Z(-)=0and equation (2.20) is equivalent to a

standard linear ADF model of equation (2.4). However, when the magnitude of
divergence between QM and c becomes large and hence Z(-)=1 will generate a

new linear ADF model with parameter £ = & +& . When the differential becomes more

serious, & plays an important role in governing the adjustment dynamic. One should

take note that & +& <0 is the necessary condition for global stability to hold. Once

the condition of & +¢& < 0is fulfilled it is legitimate to have & > 0. If this is occurred,
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then the implication is that process follows a nonstationary path (e.g. random-walk or
explosive innovation within the band of inaction of ¢), and eventually, it converges back
to its equilibrium once the magnitude of exchange rate differential is outside the band. If

we assumed that y; follows a unit root processes in the middle regime, then & =0,

meaning that equation (2.20) can be rewritten as:
Ay, = é:i* Vieall- exp(—0, yiz,t—l N+7fi+e t (2.21)
The null hypothesis of non-stationarity is H,: 6, = 0Vi, against the alternative of:

H,:0>0 for 1=1,2,...,N, and 6, =0 fori=N,+I,....N

Because & in equation (2.21) is not identified under the null, it is not feasible

to test the null hypothesis directly. Thus, Kapetanios et al., (2003) reparameterize

equation (2.21) by using a first-order Taylor series approximation and obtain the

auxiliary regression, where the cubic term 7&_1 approximates the ESTAR
non-linearity.
Ayi,t =g +§)7i3,t—1 +7i ft + &y (2.22)

For a more general case where the errors are serially correlated, regression (2.22) is

extended to
h-1
Ay, =8 + Wﬁ,t—l + z‘gihAyi,t—h +y; f+ Eiy (2.23)
h=1
Cerrato et al., (2009) further prove that the common factor f, can be approximated

by;

5 ~
AYi==Yiui> (2.24)
¥

- - _ N
where Yy, isthe mean of y, and b=ﬁz‘bi
i=1
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It follows, therefore, that equation (2.23) can be written as the following non-linear

cross-sectionally augmented DF (NCADF) regression:

3

AV, =3, +b ¥ +CA ;t +d, ;t_l +&;, (2.25)
In a univariate setup without terms of Ay, and Ay, ,, Kapetanios et al., (2003)
suggest a t-test for the unit root hypothesis against the alterative of globally stationary
ESTAR, where the null is Hy:bi=0 against the alterative: H;: bi<0. Given the framework

above, the authors develop a unit root test in a heterogeneous panel model based on

equation (2.25). Extending the idea in Kapetanios et al., (2003), the authors suggest

using the model based on equation (2.25) and t-statistics on b, which is denoted by:

tw (N, T) = seb(iB.) (2.26)

where bi is the OLS estimate of bi, and s.e.(bi) is its associated standard

error. Following Pesaran (2007), the t-statistic in equation (2.26) can be used to

construct a panel unit root test by averaging the individual test statistics:
_ 1
G (NT) =5 2t (NLT) (2.27)
=)

This is a non-linear cross-sectionally augmented version of the IPS test (NCIPS).
Consequently, the authors calculate critical values of both individual and panel NCADF
tests for varying cross section and time dimensions. In the following section, I develop a
new non-linear panel unit root test, which takes contemporaneous cross sectional
correlations across panel members into account, and identifying which member

converges to the null hypothesis and which does not.
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2.5.2 Seemingly uncorrelated regressive non-linear panel unit root test
(SUR-NPURT)

Breuer et al., (2001) applies the method of Zellner’s Seemingly Unrelated
Regressions Estimation (SURE) to model (2.4) while allowing for contemporaneous
cross-sectional correlations across panel members. Lau (2009) provides an alternative
test, which is proved to be more powerful. Following Lau (2009) and Breuer et al.,
(2001), I am going to develop a non-linear panel unit root test (i.e. LAUNONLIN test)
that takes contemporaneous cross-sectional correlations across panel members into

account.

Using the data of China, European Union, Japan, UK, and US from February
1997 to August 2009, PPP differential series are constructed. Following Cerrato et al.,
(2009) the critical values adopted in Table 2.6 come from 50000 stochastic simulations
constructed at 1%, 5%, and 10% significance levels (one-sided test) and the lower tailed
bootstrap critical values are reported in Table 2.6. Critical values must be simulated with
the error covariance matrix, the coefficients on the lagged difference estimated being
based on a I(1) environment (null hypothesis of unit root under ESTAR model)
assuming no drift unit root process and y; is the time series under consideration. That
is:

Ay, = §1Ayl,t—l + 4 t=1..T

AYy s = OnAY o+ t=1L...T (2.28)
where Ay, is the PPP differential series for country i against the US dollar,

expressed in its first difference. First, equation (2.28) is estimated by applying the

SURE technique. The estimated vector of parameters such as S Mot and gMerst g

37



H , Hist

gathered and the null variance-covariance matrix 3 of [JH"’HiSt 1s constructed. A

vector of uncorrelated artificial error terms (NxT), 4"""is drawn randomly, such

that 27f" ~ N(0,1). The Cholesky decomposition of the null variance-covariance

. &\ H,_ Hist . .
matrix % produce the lower-triangular (square root) matrix L, such that

' _ <O Hy Hist . . .
LL =2 . Hence, the cross-correlated artificial vector of residuals can be generated

as:

,[l H,,Sim :L ,[l H,,Ran
next, y*, the first differenced artificial series is generated as:

Ayl*,t = 51H07HiStAy1*,t71 + /JlHO’Sim t=1..T

Ay;ﬁu,t = 5I:J-|0’HiStAy;ﬁu,t—1 + IUNHO’Sim t=1..,T (2.29)

To minimize sensitivity to initial conditions'”, 201 observations are generated for
each variable, with the first 50 observations deleted, leaving 151 usable observations.

The initial values for each simulated series are set to zero. That is:
AYpe;=0,Yy,; =0(for t—j<0),and Ayy, = ;™" (2.30)
finally, I need to generate the level artificial series as:

yl*,t = Ayl*,t + yl*,t—l t=1..T

Yur =AVne + Ya t=1..T (2.31)

13 The problem of initial condition was addressed by Harvey et al. (2009).
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With these bootstrap series, I can obtain the bootstrap estimates after estimating

the auxiliary regression of the following form:
AY, =0 DY +OAY L + i=L.,N;t=L...,T (2.32)

The critical values of the newly developed non-linear panel unit root (LAUNONLIN)

test are presented in Table 2.6.

Table 2.6. Non-linear panel unit root test with simulated critical values

Non-linear panel Test
Simulated Critical Values
unit root test Stat. Conclusion
Country 1% 5% 10%
European Union -5.495 -3.994 -3.374 -3.060 [(0)***
Japan -4.954 -3.740 -3.106 -2.796 I(0)***

United Kingdom -3.297 -4.031 -3.396 -3.079 1(0)*

United States -4.831 -3.720 -3.096 -2.781 I(0)***

* and *** denotes significance at 10% and 1% significance level respectively.
As shown in Table 2.6, the result concludes that PPP holds for European, Japan, United
Kingdom, and the United States towards China at the 10% significance level.

The size and power experiment are based on the following panel ESTAR:

A = & Vi (1= exp{=6,(Y; ., —C)’ 1) + 44 (2.33)

[ fix {i'=-1, as imposed in many empirical studies, (e.g. Taylor et al., 2001;
Cerrato et al., 2009), while c, the location parameter, is set to zero. The size and power
experiments are the same as that of the linear panel unit root test, except using equation
(2.32) for running regression, so as to acquire more information content about the true

Data Gereating Process (DGP) based on the historical estimates and historical residuals

for simulation purposes. The size experiments are based on 50000 replications by
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setting 0;=0 and the evidence is based on the 5% significance level. Table 2.7 shows the
results for the power and size experiments, and most rejection rates under the null
hypothesis are quite close to the 5% rejection level, suggesting that the tests have an

acceptable size, and is correctly sized.

Table 2.7. Empirical Size/Power of non-linear panel unit toot test

Size Power'*
Country
ADF LAUNONLIN ADF LAUNONLIN
European Union 0.044 0.055 0.1374 0.886
Japan 0.0462 0.056 0.1452 0.895
United Kingdom 0.0444 0.055 0.1246 0.820
United Sates 0.0492 0.055 0.1482 0.998

' T compare the power of the LAUNONLIN test with that of ADF test because ADF is the first unit root
test adopted by the literature, see Breuer et al., (2001). For reader’s information, in 