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Executive Summary
This paper examines persistent behavior of deviations from purchasing
power parity (PPP) constructed using consumer price indices and nominal exchange rates for APEC member economies over the period of 1981-2015. In
particular, we ask if these deviations tend to converge to their long run equilibrium value. For this, we consider three different sample periods of 1981-2015,
1997-2015, and 1981-1996. We find that the panel unit root test rejects the unit
root hypothesis that a deviation from PPP does not converge to its long run
value for the period of 1997-2015 but does not reject it for the other two periods. We then investigate how quickly this deviation converges to its long run
value and find that a half-life of a deviation from PPP is 5.7 quarters, which is
much quicker than the estimates of 3 to 5 years reported by previous studies.
This result is consistent with the argument that globalization and advancement
in transportation and information technology significantly contribute to lowering trade barriers among APEC member economies.
Keywords: PPP, half-life, panel unit root tests, deviations from PPP,
trade barriers
JEL Classification: F31, F41
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Consumer Goods Market
Integration among Asia Pacific
Economic Cooperation Member Economies:
A PPP-Based Analysis

1

MOON Seongman*

Ⅰ. Introduction
Asia Pacific Economic Cooperation (APEC) member economies have made
a significant effort to integrate the Asia Pacific economy so that goods, services,
and people move freely across borders since its establishment in 1989. That is,
APEC members committed to achieve free trade and investment by 2010 for
developed economies and by 2020 for developing economies in 1994. Since
then, APEC member economies have pursued a goal of reducing barriers to
trade and investment and promoting the free flow of goods and services
through implementation of various initiatives and policies. Specifically, the
APEC Business Travel Card has implemented since 1999. It allowed preapproved business travelers to enjoy fast-track entry and exit as well as multiple
short term entry to APEC member economies and has significantly reduced
total immigration-related costs. APEC also launched its Ease of Doing Business Action Plan in 2009. The goal of this initiative is to make it cheaper, easier,
* Department of Economics and Research Institute of Big Data Business, Chonbuk National University, 567
Baekje-daero, deokjin-gu, Jeonju-si, Jeollabuk-do 54896 Korea. Email: nopasanada0501@gmail.com, Tel: +82-63270-3005.
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and faster doing business in the region so that trade barriers lower between national markets. In 2014, APEC member economies endorsed a roadmap for the
Free Trade Area of the Asia Pacific (FTAAP) which is a key step toward integration of the regional economies. All these initiatives proposed and implemented since the early 1990s intend to lower trade barriers and are toward the
complete economic integration of the region.
This paper investigates the extent of consumer goods market integration
among APEC member economies over the period of 1981-2015, based on purchasing power parity (PPP) analysis.
In general, there are two approaches in measuring the degree of the integration of consumer goods markets. One approach is to collect direct evidence on
the magnitude of natural and political trade barriers between national markets.
One popular example of this approach is to measure tariff rates between national markets and to study their influence on the magnitude of trade as well as
welfare. However, this approach faces several limitations such as a difficulty in
measuring the influence of non-tariff barriers. The other approach is to examine market equilibrium outcomes such as prices or quantities generated in markets. One typical example of this approach is to consider purchasing power
parity (PPP) as a starting point to examine the degree of market integration
across countries. PPP, one of the major building blocks of international macro
models, presumes complete price-level adjustment across national markets
which is necessary for an integrated market economy to achieve an efficient
resource allocation. Of course, there exist various barriers to the complete price
adjustment in real world. This paper follows the PPP-based approach and intends to identify the extent of those trade barriers among APEC member
economies.
PPP states that home currency should have the same purchasing power in
every country at the equilibrium if international arbitrage is possible. That is,
PPP indicates that commodity markets are completely integrated across countries. Of course, it is natural to observe deviations from PPP in real world con-
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sidering various trade barriers to complete relative price-level adjustment. Instead, we ask the following questions: (i) do deviations from PPP constructed
with national consumer price indices and nominal exchange rates among APEC
member economies converge to the long run equilibrium value?; (ii) if so, how
quickly does a deviation from PPP revert to the long run value in response to a
shock to the price index?. The first question is about long run convergence of
deviations from PPP and the second question is about the speed of convergence.
Our analysis is based on panel econometric methods: we answer the two
questions raised above, using panel econometric methods recently developed by
Pesaran (2007).1 It is now well-known that univariate unit root tests lack of
power to answer the questions in particular when sample size is relatively small.
As an alternative, most previous studies have applied panel unit root tests to
answering the questions. One typical method is to use the well-known panel
unit root tests such as the LLC test developed by Levin et al. (2002) and/or the
IPS test developed by Im et al. (2003). These tests assume that the error term is
cross-sectionally independent. However the assumption is unrealistic. More
importantly, O’Connell (1998) shows that the well-known panel unit root tests
developed under the assumption of cross-section independence reject too often the null hypothesis when the panel data exhibit significant cross-section
dependence. Instead, Pesaran (2007)’s method intends to control for crosssection dependence in panel datasets. In this sense, the use of Pesaran (2007)’s
method may mitigate the influence of cross section dependence which is likely
to be present in our panel data for the APEC member economies.2
Our study is related to numerous empirical studies on the test of purchasing

1 Moon (2017) applied the same econometric method to study the long run convergence of inter-regional relative
prices in Korea using city- and province-level price data.
2 As presented in detail in Section IV, our empirical method is based on the linear model for the dynamic behavior
of real exchange rates. Therefore, if the true model for the real exchange rate dynamics is nonlinear, then our
method may generate a bias in the estimation of the speed of long run convergence.
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power parity (PPP). See, for example, Froot and Rogoff (1995), Rogoff (1996),
Frankel and Rose (1996), Murray and Papell (2005), Choi et al. (2006), Gadea
and Mayoral (2009), and Mayoral and Gadea (2011). Previous studies have
reached the following consensus: (1) studies that applied univariate unit root
tests were not able to reject the unit root hypothesis of long run PPP; however,
(2) using panel econometric methods, studies find that deviations from PPP
constructed using national price indices and nominal exchange rates tend to
converge to the long run equilibrium value; nevertheless, (3) the convergence
speed of a deviation from PPP is very slow: for example, estimated half-lives of
a disturbance are in the range of 3 to 5 years. In general, either monetary or
financial shocks can explain high volatility of deviations from PPP as well as
nominal exchange rate changes, based on sticky price monetary dynamic stochastic general equilibrium (DSGE) models. However, the slow convergence of
a deviation from PPP is not compatible with the persistent real effect of sluggish price adjustment in that one has to assume that prices are fixed about 3 to
5 years for the monetary shocks to explain such high persistence of a deviation
from PPP [e.g., Chari, et al. (2002)]. Rogoff (1996) first name this empirical
phenomenon PPP puzzle.
Studies have looked for sources which affect the slow speed of convergence
of a deviation from PPP. In other words, they search out various trade barriers
as well as other barriers to the complete relative price adjustment. Those
sources include: (1) explicit international trade barriers such as tariff rates and
import quotas as well as implicit international trade barriers such as bureaucratic difficulties, regulations, diversity, and preferences; (2) transportation costs of
both tradable and non-tradable goods; and (3) the effect of flexible exchange
rates under sluggish price adjustment (e.g., local currency pricing under sticky
prices in the literature of pricing to market). Each of these components affects
the transitional dynamics of a deviation from PPP and thus the speed of convergence. The first source is closely related to political trade barriers. We view
that various free trade agreements between national governments such as multi-
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lateral liberalization, bilateral liberalization, and regional arrangements intend to
lower those trade barriers. The second source reflects the degree of natural
trade barriers. Advancements in transportation and information technology
may lower these trade barriers. The third source is related to the issues of the
economy’s response to monetary and fiscal policies. Note that if the adjustment
of goods prices is sluggish in both countries, both nominal exchange rates and
real exchange rates (deviations from PPP) move very closely. For example,
Mussa (1986) finds that since the introduction of the floating exchange rate
regime, the volatility of changes in the real exchange rate has been very similar
to that of changes in the nominal exchange rate for developed countries that
experienced relatively low inflation rates.
Our panel econometric methods control for the influence of time invariant
economy-specific effects such as the influence of trade costs, tariff rates, and
non-tariff barriers. That is, our econometric methods can control for the effects of the first two sources to the extent that these two sources do not change
over time. Although transportation costs, tariff rates, and other non-tariff barriers do not change every period (say every year), they may change over a long
time period. To capture the influence of this structural change, we consider two
subsample periods: one subsample period is between 1981Q1 and 1996Q4; and
the other subsample period is between 1997Q1 and 2015Q3. That is, we view
that the influence of so-called globalization which contributes to lowering political trade barriers and of advancements in information technology which
contributes to lowering natural trade barriers may be more intensively captured
in the latter subsample period. Of course, the cutoff date for the division of
the entire sample period is arbitrary and we provide various robust analysis to
the choice of the cutoff date.
Using panel unit root tests developed by Pesaran (2007), we examine if a
deviation from PPP converges to the long run value for the APEC member
economies for the three sample periods of 1981Q1-2015Q3, 1997Q1-2015Q3,
and 1981Q1-1996Q4, respectively. In general, we find that for the subsample
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period of 1997Q1-2015Q3, the panel unit root test rejects at the conventional
levels the unit root hypothesis that a deviation from PPP does not converge to
the long run value. However, the test does not reject the unit root hypothesis
for the other two sample periods. We conduct various robust analysis for the
results obtained from this benchmark case and find that the results in general
remain unchanged. We then investigate how quickly these deviations from PPP
converge to their long run value for the subsample period of 1997Q1-2015Q3.
We find that a half-life of a deviation from the long run value is 5.7 quarters,
which is much faster than the estimates of 3 to 5 years reported by previous
studies. We interpret these results as globalization and advancement in information technology made APEC member economies’ consumer goods markets
more integrated.
The remainder of the paper is organized as follows. Section II presents two
perspectives on the measurement of goods market integration. Section III presents an equilibrium condition for integrated national markets and discusses
several versions of a theory of purchasing power parity. Section IV presents
our empirical framework: we present the procedure of implementing the panel
unit root tests developed by Pesaran (2007). Section V displays the summary
statistics of logarithms of real and nominal exchange rates for the APEC
member economies and their time series patterns. Section VI presents our empirical results on the test for the presence of a common unit root in deviations
from PPP and our estimates for half-lives of a deviation from PPP. It also presents several robustness checks for our results. Concluding remarks follow.
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Ⅱ. Measurement of Market Integration
There are in general two approaches in measuring the extent of the integration of goods and service markets. One approach is to collect direct evidence
on the magnitude of trade barriers between national markets. Those trade barriers include natural and political barriers. Natural trade barriers between countries (or locations) can be represented by transportation costs. Political trade
barriers include tariff rates, quotas, and any other explicit and implicit trade
barriers. The extent of these political trade barriers are mainly determined
through various trade agreements between countries such as bilateral free trade
agreements, multiple liberalization (e.g., GATT), and regional arrangements (e.g.,
NAFTA). These natural and political trade barriers are in general related to the
costly movements of goods and services between countries: higher trade barriers, greater trade costs. Since the extent of market integration is closely linked
to the magnitude of trade costs, one can expect that these trade barriers are
inversely related to the degree of market integration.
Obviously, we observe that transportation costs have decreased with improvements in transportation such as containerization, large ships, and commercial jet aircrafts. For example, containerization greatly simplified the transfer
of goods from one mode of transport (e.g., ships) to another (e.g., trucks or
trains) so that it can reduce the cost and time of moving goods between locations. We also clearly observe that average tariff rates have decreased since early
1990s. This is mainly because many countries have engaged in a sort of bilateral
and multilateral trade agreements. Therefore, the trend of transportation costs
and average tariff rates may suggest that trade costs between national markets
have reduced and thus national markets have become more integrated with
world markets.
However, this approach faces several limitations which tend to contribute
the overstatement of goods market integration. First, measures of tariff rates
omit all non-tariff barriers. Considering the fact that non-tariff barriers are im-
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portant trade barriers between countries, this omission may not precisely measure the degree of national market integration and is likely to overstate the degree of market integration. Second, even if one intends to include non-tariff
trade barriers in the measurement of market integration, it is very difficult to be
quantified as a cost of moving goods unlike tariff rates. This is because nontariff barriers vary much by product and among markets. Third, the ex post
measures of transportation costs and tariff rates omit the cost of non-traded
goods. This will also overstate the degree of market integration.
The other approach is to examine market equilibrium outcomes such as
prices or quantities generated in markets. That is, one can examine if these
equilibrium outcomes are consistent with a significant change in the magnitude
of trade barriers which are separating national markets. For example, price
equalization for a good between national markets would suggest that trade barriers for that good have been eliminated and those markets are completely integrated. The main advantage of this approach is that international prices of
goods and services and trade flows are not only easier to measure than trade
costs but also more comparable across countries and time. However, this approach faces some other limitations. Of those limitations, the most important
one is that changes in the behavior of market outcomes may be due to changes
in not only trade barriers but also other forces. Therefore, it is important to
control for the influence of other determinants on changes in trade flows and
international prices.
In this paper, we use the second approach to examine the extent of the integration of consumer goods markets among APEC member economies. In
particular, we examine the dynamic behavior of national consumer goods prices against purchasing power parity and look for barriers for market integration.
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Ⅲ. A Theory of PPP
Purchasing power parity (PPP) is an equilibrium condition for integrated national markets and one of key building blocks in international macroeconomic
models. The key force underlying PPP is international goods market arbitrage
which induces broad parity in prices across a sufficient range of individual
goods. In this sense, purchasing power parity is a starting point to study the
degree of market integration using price-based measures. Of course, the effectiveness of goods market arbitrage depends on the extent of the integration of
those markets. For example, either transportation costs or tariff rates will naturally generate a wedge between the prices in the national markets. In this Section, we consider several versions of PPP under the assumption of integrated
competitive markets to understand better the extent of market integration
across APEC member economies.
‘The law of one price’ in an integrated competitive market states that the
price of a good is the same in all places once converted to a common currency:

pi  Spi* ,

(1)

where pi is the price of good i in terms of domestic currency in domestic
market, pi* is the price of good i in terms of foreign currency in foreign
market, and S is the nominal exchange rate (the price of foreign currency in
terms of domestic currency). The integrated competitive market implies that
there are no trade frictions across all places. As a result, costless spatial arbitrage
can occur so that the price of a certain good will be the same across markets.
This idea can be extended to a general price index. Consider a domestic
consumer price index as a function of prices of domestic individual goods:
P  f ( p1,, pi ,, pn ) and a foreign consumer price index as a function of
prices of foreign individual goods: P*  g ( p1* ,, pi* ,, pn* ) . Suppose that both
countries have the same basket of individual goods. That is, the same individual
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goods enter each country’s market basket with the same weights. Suppose further that the price of each good is equalized between the two countries. That is,
the law of one price holds for each individual good i . Then, spatial arbitrage
under the assumption of the integrated competitive market enforces parity in
the general price indices between the countries. This parity is called the absolute
version of PPP:

P  SP*

(2)

The left-hand side of equation (2) represents the domestic currency price of a
domestic market basket of individual goods and the right-hand side of equation (2) is the domestic currency price of a foreign market basket of individual
goods. Therefore, the absolute version of PPP implies that once converted to a
common currency the national price levels of a common market basket of individual goods are the same at all times due to the enforcement of instantaneous
costless arbitrage. In this sense, ‘the law of one price’ is closely linked to ‘PPP’.
And we say that the underlying force behind PPP is international goods market
arbitrage. Note that equation (2) can be rewritten in the following way:

S

1 / P*
,
1/ P

where 1 / P is the purchasing power of home currency and 1/ P* is the purchasing power of foreign currency. This equation suggests that the nominal
exchange rate is determined by the relative purchasing power of the currencies
in equilibrium. In other words, the equation implies that nominal exchange rate
is determined in equilibrium so that both home and foreign currencies can have
the same purchasing power. That is, this equation may match well with the
name of ‘purchasing power parity’.
Of course, it is natural to observe that the absolute version of PPP does not
hold continuously in data. In this sense, it may be more interesting to ask why it
16
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does not hold. And a natural starting point is to look into its assumptions. The
first reason is that the law of one price does not hold for each individual good:
the price of a given good will not be necessarily the same at different places at a
given time. As discussed before, natural and political trade barriers such as
transportation costs, tariffs, quotas, and non-tariff barriers will generate a price
wedge between the countries. The second reason is related to the fact that the
exactly same basket of goods is not available between the two countries: it is
natural to see that different goods have different prices. All these reasons point
to a modification of equation (2):

P   SP* ,

(3)

where   1 is a constant which reflects given trade obstacles between the
two countries.
The weak version of PPP based on equation (3) restates the theory of PPP
in terms of percentage changes in national price levels and exchange rates:

d ln S  d ln P  d ln P* ,

(4)

Equation (4) is called the relative version of PPP and implies that changes in
the nominal exchange rates only result from relative changes in the national
price levels given time invariant trade barriers. Note that if the absolute version
of PPP in (2) holds, then the relative version of PPP also holds. However, the
reverse is not true as shown in equation (3).
Regardless of absolute or relative form of PPP, it has been seen as a central
tendency of the exchange rate and not considered as a continuously-holding
equivalence. Therefore, almost all studies investigate the behavior of temporary
disturbances to PPP. That is, they concern with the dynamics of the short run
deviations from PPP. We also concern with the dynamic behaviors of short run
deviations from PPP and discuss this issue in detail in the following Section.
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Ⅳ. Empirical Methods
This section presents our empirical methods for studying properties of
consumer price indices and exchange rates among APEC member economies.
A basic theory that underlies the empirical examination of the relative consumer goods prices between countries is the PPP doctrine motivated by the commodity-arbitrage view. Note that if the law of one price holds for the goods
individually, it will holds for the appropriate price index as well under certain
conditions. Obviously, PPP does not hold continuously in real world. Instead,
previous studies mainly concern with investing whether PPP holds in the long
run. Specifically, they investigate if deviations from PPP tend to converge to
the long run value. Following them, we test if the relative prices between APEC
member economies contain a stochastic trend. That is, we test if deviations
from PPP converge to the long run equilibrium value. To the extent that PPP
holds in the long run, our next concern is to estimate the speed of adjustment
of the short run deviations to the long run value. These estimates will provide a
clue for searching out reasons for short run deviations from PPP and thus barriers for national market integration.
We consider the US as the base economy. Let Pbt denote the US consumer
price index at time t , Pit denote the consumer price index of an APEC
member economy i , and St denote the price of the currency of member
economy i in terms of the US dollar. Then, the logarithm of the relative price
of the US market basket in terms of economy i ' s market basket yit can
be defined as a deviation from PPP:

yit  pbt  st  pit

,

where a small letter represents the logarithm of the corresponding capital letter.
For example, st is the logarithm of the nominal exchange rate St . We also
call
18
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tinuously, yit would be constant over time. And the non-zero value of the
constant reflects an initial difference in the price levels between the two countries. We normalize the price indices in the base year so that the initial difference can be zero in our empirical analysis.
We now consider the following empirical model to study the dynamics of

yit :
yit   i yi ,t 1   i   it , for t  1, 2,, T
where, yit  yit  yi ,t 1 , i is an intersect term, and

it is the innovation.

i governs the speed of convergence of qit to the long run value.
If PPP holds continuously, then yit  0 over all the time periods. However, this is not what we want to test. Instead, we are interested in the dynamic
behavior of a disturbance to yit . Suppose the true value of i is zero. Then,
the real exchange rate follows a random walk with a drift i . Suppose further
that  i1  1 and it  0 for t  2,, T . Then, given any initial value yi 0 and

i , a shock to yit in time period 1 never dies out over all time periods. We
interpret this phenomenon as PPP does not hold in the long run. Note that the
initial value of yit does not play any role in the dynamics of the relative price.
In other words, the magnitude of the price differences at the base year does not
affect our results. What matters is how the shock affects the relative price over
time. Now suppose that the true value of i is negative. Then, one can easily
see that the shock to yit in time period 1 dies out over long time period. In
this case, we say that PPP holds in the long run. Further, the adjustment speed
of disturbances to PPP can be measured by calculating their half-life to the
long run value. We compute the half-life of a disturbance to yit as
 ln(2) / ln(1  i ) .

Note that if i  0 , then the half-life approaches to the nega-

tive infinity. This is a typical way to test the long run PPP. And previous studies
used univariate unit root tests such as Augmented Dickey Fuller tests to test it.

IV. Empirical Methods

19

However, it has been well understood that univariate unit root tests have a
very low power, in particular when sample size is small: the tests are quite often
incapable of distinguishing a stationary process from a unit root process under
certain conditions: (i) when the stationary time series are highly persistent and
(ii) sample size is relatively small. One way to mitigate this shortcoming is to
use a very long time series data. However, the data is not available for our study.
The other approach is to increase sample size by exploiting the panel dimension
of data. We explore this approach using the data of consumer prices of APEC
member economies. For this, we follow Pesaran (2007)’s method and consider
the following specification of the dynamic linear heterogeneous panel data.
∆

=

,

+

+

+

, for i  1, 2, , N and t  1,2,, T (5)

where subscript i denotes member economy i ,

subscript t denotes time

period, N denotes the number of cross-section units (member economies), T
denotes number of time periods, and

+

+

denotes the error term

which captures a time invariant country specific effect, a time-varying common
effect, and the effect of idiosyncratic country specific i.i.d. innovation.

con-

trols for a time invariant country-specific effect such as the influence of distance, tariff rates, and non-tariff trade barriers.

represents the i.i.d. common

macro shocks at time t such as changes in world demand. Each economy i
may respond to these shocks differently.
sponse. In particular, the term

captures this heterogeneous re-

is a source of cross-section dependence in

this specification and intends to control for its influence. Note that the wellknown panel unit root tests such as the LLC test developed by Levin et al. (2002)
and the IPS test developed by Im et al. (2003) assume that the error term is
cross-sectionally independent: one can interpret that the term in our specification

is omitted in the specifications for those tests. However, this assump-

tion is unrealistic. On the other hand, Pesaran (2007)’s method controls for
cross-section dependence in panel datasets. More importantly, O’Connell (1998)
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present empirical evidence that the LLC and IPS tests developed under the
cross-sectional independence assumption reject too often the unit root hypothesis in the presence of significant cross-section dependence. In this sense, the
use of Pesaran (2007)’s method may mitigate the influence of cross section
dependence which is likely to be present in our panel with relative consumer
good prices among the APEC member economies. Finally,

denotes an i.i.d.

idiosyncratic innovation at time t.
Like the case of a univariate time series specification above,
the speed of convergence of a disturbance to
specification with the panel dataset. We allow

governs

to its long run value in our
and the initial value of

to

be different across countries. Nevertheless, the interpretation on the convergence of deviations from PPP would be the same as before. We emphasize that
we do not test cross-sectional convergence using the panel data. Instead, we test
the long run convergence of deviations from PPP using the panel data.
That is, our main interest is to examine if relative consumer prices between
APEC member economies and the US contain a unit root: the unit root hypothesis of interest is expressed as

H 0 : i  0 , for all i,

(6)

against the heterogeneous alternatives,

H a : i  0 , for at least one i.

(7)

The null hypothesis implies that consumer goods prices for all APEC
member economies diverge from the US consumer goods prices even in the
long run. We allow

to be different across APEC member economies and

thus the speed of convergence to be different in the alternative hypothesis.
That is, we examine if real exchange rates of APEC member economies against
the US are mean reverting in the long run allowing heterogeneity in the speed
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of convergence to the long run value as well as cross-section dependence of
those real exchange rates in the panel. As

is farther away to the left from

zero, we can say that the speed of convergence of the relative price to the long
value (or the half-life of a shock) is getting faster (smaller).
To implement Pesaran’s test for unit root hypothesis (6) against the alternative hypothesis (7) using a panel dataset, we need to transform equation (5) into
the following cross-sectionally augmented DF (CADF) regression:
∆
where

=

= ∑

factor

,

+

+

∆

is the cross-section mean and
+

shows that

+

∆

+

,

(8)

is a residual. Pesaran

proxies the influence of the unobserved common

in equation (5). Then, Persaran’s test is based on the t -value of the

OLS estimate of

in regression (8). The t -value of the estimate of

in

the regression is defined by

ti ( N , T ) 

yi' M w yi ,1

ˆ i ( yi',1M w yi ,1 )1/ 2

(9)

where
yi  ( yi ,1 ,  , yi ,T ) ', yi ,1  ( yi ,0 ,  , yi ,T 1 ) '

M w  IT  W (W 'W ) 1W ' ,W  ( , y , y1 )

  (1,1,  ,1) ', y  ( y1 ,  , yT ) ', y1  ( y0 ,  , y,T 1 ) '
ˆ i2 

yi' M i , w yi
T 4

Pesaran interprets

and. M i , w  IT  Gi (Gi 'Gi ) 1 Gi ' , Gi  (W , yi , 1 )

( , ) as the cross-sectionally augmented DF statistic for

cross-section unit i and compares it with the standard Dickey-Fuller (DF) t statistic. The main difference between the two t -values is that

( , ) con-

trols for the influence of cross-sectional dependence by adding
to the standard DF regression.
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test when there is a significant degree of cross-section dependence in data because the former controls for variations generated by common factors which
causes cross-section dependence and thus is likely to capture the persistence of
the real exchange rate with less noise than the DF test.
Pesaran shows that regression (8) can be easily extended to a more general
case where both
∆

=

and the common factor

+

where the term

+∑

,

p

 ( y
j 1

ij

i ,t  j

∅ ∆

+∑

+

,

follow an AR(p) process:
∆

+

, (10)

 dij yt  j ) is augmented to capture the influence

of serial correlation in the residual and the lagged levels of the cross-sectional
means of the processes. The only difference in the formula for the calculation
of t -value between the i.i.d. case and the AR(p) case is the calculation of term
W in equation (9). It is now modified so that it takes into account of the in-

clusion

of

the

term

p

 ( y
j 1

ij

i ,t  j

 dij yt  j )

in

the

regression:

W  ( , y , y1 , yi ,1 ,, yi , p , y1 ,, y p ) . To aggregate the individual

CADF statistics ti ( N , T ) , we use a cross-sectionally augmented version of the
IPS test following Pesaran:

CIPS ( N , T ) 

1
N

N

 t ( N , T ).
i 1

i

(11)

We use CIPS(N,T) and its critical values provided by Pesaran for our empirical
study of testing the panel unit root hypothesis (6) against the alternative hypothesis (7)3: if CIPS(N,T) exceeds a critical value at a certain significance level,
we reject the unit null hypothesis in (6) at that level.25
3 Pesaran (2007) provides critical values for both individual cross-sectionally augmented DF statistics ti(N,T) and the
average of individual cross-sectionally augmented DF statistics CIPS(N,T) by simulations.
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Ⅴ. Summary Statistics of Consumer Prices and
Exchange Rates for APEC Member Economies
We obtain quarterly data of consumer price indices of APEC member
economies and their bilateral nominal exchange rates against the US dollar from
International Finance Statistics of IMF for the period of 1981Q1-2015Q3. Our
sample includes 17 out of 21 APEC member economies: Australia, Canada,
Hong Kong, Indonesia, Japan, Korea, Malaysia, Mexico, New Zealand, Papua
New Guinea, Peru, Philippines, Russian Federation, Singapore, Thailand, Vietnam, and United States. We drop Brunei Darussalam, China,P.R., Chile, and
Chinese Taipei due to availability of data. We consider the United States as the
base economy and make a panel dataset of 16 CPI-based real exchange rates
constructed using national consumer price indices and the bilateral nominal
exchange rates.
Table 1. Summary Statistics (1981Q1-2015Q3)
corr(∆

Australia
Canada
Hong Kong
Indonesia
Japan
Korea
Malaysia
Mexico
New Zealand
Papua New Guinea
Philippines
Singapore
Thailand

,∆

0.99
0.99
0.68
0.96
0.99
0.99
0.98
0.77
0.98
0.91
0.86
0.94
0.98

) std(∆

)/std(∆

0.97
0.97
1.29
0.90
1.03
0.93
0.97
0.74
0.99
1.00
0.93
1.00
0.98

)

corr(

,

0.96
0.97
0.99
0.96
0.96
0.93
0.99
0.90
0.96
0.98
0.97
0.98
0.97

,

) corr(∆

,∆

,

)

0.24
0.31
0.25
0.19
0.21
0.29
0.34
0.00
0.34
0.16
0.21
0.20
0.29

Source: International Financial Statistics (accessed April 1, 2017). corr(∆ , ∆ ) is the correlation
between the change in the log of the real exchange rate and the change in the log of the
nominal exchange rate for member economy i; std(∆ )/std(∆ ) is the ratio of the standard deviation of the change in the log of the real exchange rate to that of the change in the
log of the nominal exchange rate for member economy i; corr( , , ) is the first order
autocorrelation of the log of the real exchange rate for member economy I ; and
corr(∆ , ∆ , ) is the first order autocorrelation of the change in the log of the real exchange rate for member economy i.
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We have three different sample periods for our empirical study: one is the
entire sample period of 1981Q1-2015Q3, another is the subsample period of
1981Q1-1996Q4 and the other is the subsample period of 1997Q1-2015Q3.
The first two samples include 14 out of 21 member economies due to data
availability, while the last sample includes 17 member economies. Several reasons motivate us to consider these three sample periods. One reason is that
several member economies such as Indonesia, Korea, Malaysia, and Thailand
had experienced currency crisis in 1997 and Russia had experienced a financial
crisis in 1999. Mexico had experienced a currency crisis in the early 1990s. All
these economies adopted a fixed exchange rate regime (or a dollar pegged system) and changed to a floating exchange rate regime after the crisis. The influence of such a currency crisis may be better captured in the last sample period.
In particular, the influence of the change in the exchange rate regime can be
better captured in the last sample period. Second, advancement in transportation technology as well as information technology will lower natural trade barriers and their influence may also be better captured in the last sample period.
For example, the progress of information technology generates electronic
commerce over the internet which reduces trade costs significantly and radically
alter economic activities. Third, the influence of so-called globalization may be
more intensively captured in the last sample period. That is, it has been widely
accepted that many bilateral free trade agreements, multiple trade agreements
such as WTO, and regional economic integration such as EU have led to greater integration of the world economy. For example, these trade agreements will
lower tariff rates and non-tariff barriers and thus reduce trade costs. Finally,
APEC was first established in October 1989 and has made an effort in building
an inclusive and interconnected open economy in the Asia Pacific. And its influence may be better captured in the last sample period considering the fact
that lowering trade barriers to promote free trade between countries is a time
consuming process.
Table 1 presents summary statistics of logarithms of the real exchange rates
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and of the nominal exchange rates for APEC member economies. First, the
contemporaneous correlations between changes in the logarithms of the real
exchange rate and changes in the logarithms of the nominal exchange rate vary
across member economies. For most economies, the contemporaneous cross
correlation is close to one, suggesting that the real exchange rate moves very
closely with the nominal exchange rate [see Panel A in Figure 1]. This is the
typical phenomenon observed in developed countries since the introduction of
the floating exchange rate regime in 1973. The close movement of the two exchange rate in general implies that nominal exchange rates are very volatile so
that their variation dominates that of the consumer goods prices in the real
exchange rates. For other economies such as Hong Kong, Mexico, and Philippines, the contemporaneous correlations are relatively low. For example, the
contemporaneous cross correlation is 0.68 for Hong-Kong, 0.77 for Mexico,
and 0.86 for Philippines. One reason for these low correlations can be related
to the exchange rate regime that some of these economies adopted. For example, the Hong Kong dollar has been pegged to the US dollar since the fourth
quarter of 1983. As a result, the real exchange rate does not move together with
the nominal exchange rate [see Panel C in Figure 1]. The other reason for the
low correlations may be related to the high inflation rates of consumer goods
prices. For example, the inflation rate of consumer goods is 132300% between
1980Q1 and 2015Q3 for Mexico and 1338% for Philippines, while it is just 171%
for the US. Noting that the Mexican peso against the US dollar has devalued by
81900% during the same period, variation in the consumer goods prices plays a
significant role in the behavior of the real exchange rate for the Mexican economy. During the 1990s, several member countries experienced currency crises.
For example, Thailand, Indonesia, Malaysia, and Korea experienced the currency crisis in 1997. All these economies had adopted a pegged system under
which their currencies are pegged to the US dollar before the currency crisis.
These economies had a large devaluation in 1997 when they faced a currency
crisis and adopted a floating exchange rate regime after the crisis. And this
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change in an exchange rate regime led to a close movement between the two
exchange rates [See Panel B in Figure 1].
Second, the ratios of the standard deviation of the real exchange rate
changes to that of the nominal exchange rate changes are close to one for all
countries except for Hong Kong and Mexico. This suggests that the variation in
the nominal exchange rate changes dominates changes in the consumer goods
prices and thus mainly determines the variation in the real exchange rate changes. Note that this explanation is consistent with the two empirical facts: (1)
close co-movement between the changes in the nominal and real exchange rates
and (2) the similar magnitude of the standard deviations of changes in the
nominal and real exchange rates. However, for the case of Hong Kong, the
Hong Kong dollar is pegged to the US dollar and does not change much over
time [see Panel C in Figure 1]. Therefore, the variation in the real exchange rate
changes is mainly due to the variations in the consumer goods prices for both
Hong Kong and the US. For the case of Mexico, the inflation rate for the Mexican consumer prices has significantly affected the movements of the real exchange rates. As a result, the ratio of the standard deviation of the real exchange rate change to that of the nominal exchange rate change is far away
from one, in addition to the fact that the contemporaneous correlation between
real exchange rate changes and nominal exchange rate changes are relatively low.
Third, the first order autocorrelations of the real exchange rates are close to
one for all economies. We also find that the first order autocorrelations of the
nominal exchange rates are close to one for all countries except for Hong Kong
whose currency is pegged to the US dollar, suggesting that both the real and
nominal exchange rates are very persistent. In particular, this strong persistence
of the real exchange rate implies that the convergence speed of deviations from
PPP may be slow. We will examine this issue more rigorously in the next section.
Fourth, the first order autocorrelations of the real exchange rate changes are
strictly positive for all APEC member economies except for Mexico. They are
in the range of 0.2 to 0.35, while the first order autocorrelation is close to zero
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for Mexico. Note that if the real exchange rates are mean-reverting in the long
run, changes in the real exchange rate may exhibit negative serial dependence.
However, the significant positive autocorrelations of real exchange rate changes
imply that the real exchange rates for the APEC member economies are not
likely mean-reverting in the long run. In the next section, we will conduct more
rigorous analysis on this issue. The strict positive correlation further implies
that the bilateral real exchange rates for the APEC member economies do not
behave like a random walk either. In other words, this fact is not consistent with
the so-called Meese and Rogoff (1983) puzzle which states that no exchange
rate models can outperform the random walk model in terms of “out of sample forecasting”.
The first three empirical facts of (1) high contemporaneous correlations between nominal and real exchange rate changes, (2) similar magnitudes of the
standard deviations of real and nominal exchange rate changes, and (3) high
persistence of real exchange rates are consistent with empirical evidence obtained using CPI-based real exchange rates in developed countries [see for example Mussa (1986), Engel (1999), and Chari et al. (2002)].
Figure 1. Logarithms of Bilateral Nominal and Real Exchange Rates for
APEC Member Economies

Panel A. Economies adopting a floating exchange rate regime
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Figure 1. continue

Panel B. Economies experiencing a currency crisis
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Figure 1. continue

Panel C. Economies adopting a pegged exchange rate regime

Source : International Financial Statistics (accessed April 1, 2017).

Table 2. Summary Statistics (1997Q1-2015Q3)
corr(∆

,∆

)

std(∆

)/std(∆

)

corr(

,

,

)

corr(∆

,∆

Australia

0.99

0.97

0.97

0.31

Canada

1.00

0.95

0.97

0.32

Hong Kong

0.40

9.20

0.99

0.12

Indonesia

0.96

0.89

0.89

0.21

Japan

0.99

1.04

0.92

0.16

Korea

1.00

0.92

0.86

0.25

Malaysia

0.98

0.95

0.92

0.37

Mexico

0.94

0.92

0.82

0.13

New Zealand

0.99

0.97

0.97

0.40
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,

)

Table 2. Continue
corr(∆

,∆

)

std(∆

)/std(∆

)

corr(

,

,

)

corr(∆

,∆

Papua
New Guinea

0.92

1.01

0.98

0.20

Philippines

0.98

0.97

0.97

0.36

Singapore

0.94

1.00

0.98

0.20

Thailand

0.99

0.96

0.94

0.29

Peru

0.93

0.90

0.98

0.39

Russia

0.94

0.69

0.97

0.29

Vietnam

0.43

1.52

0.99

0.45

)

,

Source: International Financial Statistics (accessed April 1, 2017). corr(∆ , ∆ ) is the correlation between the change in the log of the real exchange rate and the change in the log
of the nominal exchange rate for member economy i; std(∆ )/std(∆ ) is the ratio of the standard deviation of the change in the log of the real exchange rate to that of
the change in the log of the nominal exchange rate for member economy i ;
corr( , , ) is the first order autocorrelation of the log of the real exchange rate
for member economy I; and corr(∆ , ∆ , ) is the first order autocorrelation of
the change in the log of the real exchange rate for member economy i.

Table 2 presents summary statistics of logarithms of the real exchange rates
and of the nominal exchange rates for APEC member economies for the subsample period of 1997Q1:2015Q3. This subsample period includes three more
member economies; Peru, Russia, and Vietnam. As in the case of the entire
sample period, the contemporaneous correlation between changes in the nominal exchange rates and those in the real exchange rates is close to one for all the
APEC member economies except for Honk Kong and Vietnam. For Indonesia,
Korea, Malaysia, and Thailand, the correlation is higher in the subsample period
than in the entire sample period, although the difference is not so great. This is
mainly due to the fact that these economies adopted a floating exchange rate
regime after the currency crisis in 1997, while their currencies were pegged to
the US dollar before the crisis. For Hong Kong and Vietnam, the contemporaneous correlation is relatively low. Again, this is mainly due to the fact that these
economies have maintained a pegged system in which their currencies are
pegged to the US dollar.
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As in the case of the entire sample period, the ratio of the standard deviation of the real exchange rate to that of the nominal exchange rate is close to
one for the APEC member economies except for Hong Kong, Russia, and Vietnam. Again, the reason why the standard deviation of the real exchange rate
is much greater than that of the nominal exchange rate for Hong Kong and
Vietnam is that these economies have maintained a pegged system. For Russia,
the standard deviation of the real exchange rate is much smaller than that of
the nominal exchange rate. This may be because high inflation rates of the consumer goods prices for Russia significantly affect the movement of the real
exchange rate. We also obtain quite similar results for the first order autocorrelations of the real exchange rate and changes in the real exchange rate. That is,
the first order autocorrelations of the real exchange rate is close to one, consistent with the entire sample period. And the first order autocorrelations of
the change in the real exchange rate are strictly positive and in the range of 0.12
to 0.45, consistent with the entire sample period.
We now visualize the time series movement of the real and nominal exchange rates. Figure 2 draws the logarithms of the price of US basket of consumer goods in terms of APEC member economy’s basket of consumer goods
over the period of 1981-2015: we first normalize these relative prices using the
price in the first quarter of 1981, take logarithms of the normalized prices, and
multiply the log prices by 100. So, the series can be interpreted as a percentage
deviation of real exchange rates for APEC member countries relative to the
base period of the first quarter of 1981. The upper panel of Figure 2 draws the
behavior of the real exchange rates for the relatively developed economies and
the lower panel draws the behavior of the real exchange rates for the economies which experienced a financial crisis in the 1990s. Figure 3 draws the logarithms of the price of US dollar in terms of currency of APEC member economies. Several things are noticed.
First, the relative prices between US goods and APEC member economies’
goods have different time series patterns in the two groups: In the developed
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countries, the percentage deviation of the price of the US goods relative to the
base period fluctuates over time: it becomes more expensive relative to the base
period sometimes and less expensive the other times [see upper panel of Figure
2]. In the group with economies which experienced a currency crisis, the percentage deviation of the price of the US goods relative to the base period tend
to be almost always positive over the sample period, suggesting that the US
goods tend to be more expensive relative to the base period in those economies
Figure 2. Logarithms of Real Exchange Rates for APEC Member Economies

Source: International Financial Statistics (accessed April 1, 2017). The real exchange rates are normalized by the real exchange rate in the initial period.
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Figure 3. Logarithms of the Price of the US Dollar in Terms
of the Currency of APEC Member Economies

Source: International Financial Statistics (accessed April 1, 2017).

[see lower panel of Figure 2]. In addition, the price of the US goods significantly appreciated in 1997 in these economies. This is closely related to the fact
that the currencies of these economies were significantly depreciated relative to
the US dollar in 1997 when they experienced a currency crisis [see lower panel
in Figure 3].
Second, the US dollar against the currencies of the APEC member economies has appreciated relative to the base period [see Figure 3]. Exceptions are
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the Japanese yen, the Singapore dollar, and the Canadian dollar. In particular, as
displayed in the lower panel of Figure 3, the US dollar against the currencies of
the economies that experienced a currency crisis has significantly appreciated
relative to the base period. Interestingly, this appreciation has a significant jump
whenever there is a financial crisis. For example, we can see a jump around
1997 when each of these economies experienced a currency crisis and around
2008 when these economies experienced a so-called global financial crisis in the
lower panel of Figure 3. For Mexico, Indonesia, and Philippines, the magnitude
of the US dollar appreciation relative to the base period is very large. For example, the US dollar against the Mexican peso has appreciated by 671% between the third quarter of 2015 and the first quarter of 1981 (the base period)
and the US dollar against the Indonesian rupiah has appreciated by 309% between the third quarter of 2015 and the first quarter of 1981. Note that the
price of the US basket of consumer goods relative to the Mexican basket of
consumer goods has increased just by 50% and the price of the US basket of
consumer goods relative to the Indonesian basket of consumer goods has increased by 100% between the third quarter of 2015 and the first quarter of
1981. This may suggest that the nominal exchange rate plays a role in the adjustment of relative prices of consumer goods between national markets. On
the other hand, as shown in the upper panel of Figure 3, the US dollar against
both the Japanese yen and the Singapore dollar has depreciated since the mid
of the 1980s. Finally, the value of the Canadian dollar relative to the base period has fluctuated: the US dollar against the Canadian dollar appreciated relative
to the base period sometimes and depreciated the other times. Nevertheless, the
currencies of all these economies except for Japan depreciated relative to the
US dollar during the global financial crisis. 426

4 Although it is beyond the scope of the present paper, this US dollar appreciation during the financial crisis is
consistent with the hypothesis that the demand for the US dollar increases since the US dollar is a relatively safe
asset and reflects a sort of risk premium for holding the US dollar.
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Ⅵ. Empirical Results
1. Panel Unit Root Test Results
Table 3. Panel Unit Root Tests
Sample

CIPS

̂

Bias corrected
Half-life (quarters)

N

1981Q1-2015Q3

-2.25

0.94

-

13

1997Q1-2015Q3

-2.74***

0.83

5.7

16

1981Q1-1996Q4

-1.99

0.89

-

13

Source: International Financial Statistics (accessed April 1, 2017). This table presents the estimation results on regression (10). CIPS(N,T) is calculated based on equation (11) and
≡ 1 + . N represents the number of cross-section units. *, **, and *** represent
significance at 10, 5, and 1% level, respectively.

Table 3 displays the results of the panel unit root test for the three
sample periods; the entire sample period of 1981Q1-2015Q3, the subsample period of 1997Q1-2015Q3, and the subsample period of
1981Q1-1996Q4, based on Pesaran (2007)’s method. For each sample
period, it reports CIPS ( N , T ) in (11) which is the average of individual
cross-sectionally augmented DF (CADF) statistics. These statistics are
used to test if the unit root hypothesis for the panel data in (6) holds
against the alternative hypothesis defined in (7). That is, it tests if PPP
holds in the long run using the data of APEC member economies. The
table also reports bias corrected half-life of a deviation from PPP to examine how fast the deviation converges to the long run value. To measure the speed of convergence, we calculate the half-life of a deviation
from PPP using the formula of −

( )

(

. By defining

)

≡1+

and

rewriting regression (10), one can easily see that the OLS estimate
governs the persistence of the real exchange rate
. The table reports
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N

the average of those estimates, ˆ   ˆi / N because our alternative
i 1

hypothesis allows the persistence parameter i to be different across
economies. It is well known that the estimated persistent parameter tends
to be significantly biased downwards when the parameter is highly persistent (i.e. when
is close to zero) and sample size is small. There are
several ways to correct the bias. For example, one can directly correct the
bias of
which is the average of the individual persistent estimates using the formula developed by Nickell (1981). See also Imbs et al. (2005).
However, Gadea and Mayoral (2009) show that this method does not
correct the bias precisely and still has a downward bias. Instead, they
propose a method with two steps: first correct bias for individual persistent parameter and then obtain the average of the bias corrected estimated parameter. We follow their method and report “bias corrected
half-life” in Table 3. We set at 4 quarters for lag length.
For the entire sample period of 1981Q1-2015Q3, the panel unit root
test does not rejects the null hypothesis that the relative price of US
market basket of individual goods in terms of APEC member economy’s market basket contains a stochastic trend. The CIPS which is the
average of cross-sectionally augmented DF statistics is -2.25 and not statistically significant at the conventional significant levels, suggesting that
PPP does not hold in the long run.
For the subsample period of 1981Q1-1996Q4, the panel unit root
test does not rejects either the unit root null hypothesis. The CIPS which
is the average of cross-sectionally augmented DF statistics is -1.99 and
not statistically significant at the conventional levels, again suggesting
that PPP does not hold in the long run. These results can be compared
with previous studies who reported a very slow speed of adjustment to
the long run equilibrium value. For example, many studies surveyed by
Rogoff (1996) estimated half-lives are in the range of 3 to 5 years [see
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also Gadea and Mayoral (2009) and Mayoral and Gadea (2011)].
For the subsample period of 1997Q1-2015Q3, the panel unit root
test strongly rejects the null hypothesis. The average of cross-sectionally
augmented DF statistics is -2.74 and statistically significant at all conventional significant levels, suggesting that PPP holds in the long run. We
then calculate half-life of a deviation from PPP. The bias corrected halflife of a disturbance is about 5.7 quarters. This estimated PPP persistence suggests that a deviation from PPP tends to damp out at a rate of
about 35% per year. This estimated half-life is much smaller than the
conventional estimates reported by previous studies using national consumer price indices and nominal exchange rates. Indeed, our estimate is
consistent with Crucini and Shintani (2008) who use micro level price
data and relatively recent price data of 1990-2005. They found that the
estimates of PPP persistence are in the range of 1 or 2 years using aggregation of their micro level price data.
These results are consistent with our motivations of sample division.
For example, a quicker convergence to the long run value in the latter
subsample period than in the former subsample period seems to be consistent with the argument that goods markets among APEC member
economies have been more integrated due to recent advancements in
information and transportation technologies and various free trade
agreements. That is, our results imply that these events lower trade barriers and thus make arbitrage activities easier.
2. Robustness

In this subsection, we check robustness of our results in several ways.
First, we investigate if the choice of the base economy when we construct the real exchange rates for the APEC member economies affects
the convergence speed of a deviation from PPP. Second, we examine if
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our result is sensitive to the choice of a cutoff date when we divide our
entire sample period into the two subsample periods. Third, we study if
the choice of data frequency affects our results. And finally, we investigate if our results are sensitive to the choice of lag length. We consider
our results in the previous subsection as those from the benchmark case
for comparison with the results from various experiments in this subsection.
Table 4. Use Japan as a Base Economy

Sample

CIPS

̂

Bias corrected
Half-life
(quarters)

N

1981Q1-2015Q3

-1.66

0.95

-

13

1997Q1-2015Q3

-2.25*

0.87

9.3

16

1981Q1-1996Q4

-0.05

0.98

-

13

Source: International Financial Statistics (accessed April 1, 2017). This table presents the estimation results on regression (10). CIPS(N,T) is calculated based on equation (11) and
≡ 1 + . N represents the number of cross-section units. *, **, and *** represent
significance at 10, 5, and 1% level, respectively.

1) Base Economy

The question of whether or not our results are sensitive to the choice
of the base economy is motivated by several studies such as Jorion and
Sweeney (1996), Engel et al. (1997), Papell (1997), Papell and Theodoridis
(1998), Canzoneri, Cumby, and Diba (1999), and Papell and Theodoridis
(2001). They find that the results on the long run convergence to PPP
are different depending on which of the two currencies, the US dollar
and the German mark, is used as a base currency in constructing real
exchange rates. In general, they find that long run PPP tends to hold
more often when the German mark is used as the base currency than
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when the US dollar is used. Considering this, we also check if our results
are sensitive to the choice of the US dollar as the base currency in constructing real exchange rates for the APEC member economies.
Table 5. Use Korea as a Base Economy

0.92

Bias corrected
Half-life
(quarters)
13.5

13

0.87

5.6

16

0.87

-

13

Sample

CIPS

̂

1981Q1-2015Q3

-2.34**

1997Q1-2015Q3

-2.33**

1981Q1-1996Q4

-2.21

N

Source: International Financial Statistics (accessed April 1, 2017). This table presents the estimation results on regression (10). CIPS(N,T) is calculated based on equation (11) and
≡ 1 + . N represents the number of cross-section units. *, **, and *** represent
significance at 10, 5, and 1% level, respectively.

We first consider Japan as a new base economy and use the Japanese
yen as the base currency when constructing the real exchange rates for
the APEC member economies. Table 4 presents the results from the
panel unit root test for all three sample periods considered previously.
Like as the benchmark case, we set 4 quarters for lag length. Overall, our
results using Japan as the base economy are very similar to those obtained using the US as the base economy. The test does not reject the
unit root hypothesis at all conventional levels for the entire sample period and the subsample period of 1981Q1-1996Q4. On the other hand,
the panel test rejects the unit root hypothesis for the subsample period
of 1997Q1-2015Q3. The average of cross-sectionally augmented DF
statistics (CIPS) is -2.25 and statistically significant at the 10% significant
level.528We then calculate the half-life of a disturbance to the real ex5 Although the statistical significance is marginal when the lag length is selected at 4, the unit root hypothesis is
rejected at all conventional levels for the lag lengths of 0 to 3 quarters.
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change rate; it is 9.3 quarters for the subsample period of 1997Q12015Q3. Although this number is somewhat greater than when the US
economy is considered as the base economy, it is somewhat less than the
range of the conventional estimates.
We now consider Korea as our new base economy and use the Korean won as the base currency when constructing the real exchange rates
for the APEC member economies. Table 5 reports the results from the
panel unit root test for all three sample periods considered previously.
Like as in the previous cases, we set 4 quarters for lag length. Overall,
our results using Korea as the base economy are similar to those obtained from the benchmark model. The test does not reject the unit root
hypothesis at all conventional levels for the subsample period of
1981Q1-1996Q4, like the benchmark case. On the other hand, the panel
test rejects the unit root hypothesis for the subsample period of
1997Q1-2015Q3. The average of cross-sectionally augmented DF statistics (CIPS) is -2.33 and statistically significant at the 5% significant level.
We then calculate the half-life of a disturbance to the real exchange rate;
it is 5.3 quarters for the subsample period of 1997Q1-2015Q3. This
number is very close to that from the benchmark model and much less
than the range of the conventional estimates. Unlike the benchmark case,
the unit root hypothesis is rejected at the 5% level for the entire sample
period of 1981Q1-2015Q3.
Overall, we find that the results on the long run PPP are not much affected by the selection of a particular economy as a base economy using
the data for APEC member economies.
2) Cutoff Dates

We considered two subsample periods to see how a currency crisis in
1997, the establishment of APEC in 1989, various free trade agreements
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(bilateral and multilateral free trade agreements) in the 1990s, and the
advancements in transportation and information technology affect the
dynamic behavior of a deviation from PPP. However, the choice of the
cutoff date of 1997Q1 is somewhat arbitrary. To check the robustness
of our results, we consider other subsample periods by varying cutoff
dates. For the sake of simplicity, we present the results from some of
subsample periods considered.
Table 6. Cutoff Dates
Sample

CIPS

̂

Bias corrected
Half-life
(quarters)

N

2000Q1-2015Q3

-2.27**

0.84

6.5

16

1995Q1-2015Q3

-2.58***

0.86

7.5

16

1990Q1-2015Q3

-2.40**

0.89

9.9

13

Source: International Financial Statistics (accessed April 1, 2017). This table presents the estimation results on regression (10). CIPS(N,T) is calculated based on equation (11) and
≡ 1 + . N represents the number of cross-section units. *, **, and *** represent
significance at 10, 5, and 1% level, respectively.

Table 6 presents the results from the panel unit root test for the subsample periods of 2000Q1-2015Q3, 1995Q1-2015Q3, and 1990Q12015Q3, respectively. Like as in the previous cases, we set 4 quarters for
lag length. For the subsample period of 2000Q1-2015Q3, the average of
cross-sectionally augmented DF statistics (CIPS) is -2.27 and statistically
significant at the 5% significant level, suggesting that PPP holds in the
long run. The bias corrected half-life of a deviation from PPP is about
6.5 quarters. These results are very similar to those from the subsample
period of 1997Q1-2015Q3. The main difference between these two subsample periods is that the former period does not include the period of
an Asian currency crisis in 1997. Note that after the crisis, several econ-
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omies such as Korea, Malaysia, Indonesia, and Thailand adopted a sort
of a floating exchange rate regime, while these economies pegged their
currencies to the US dollar before the currency crisis. Therefore, the
former period intends to capture more precisely the influence of a
change in the exchange rate regime on the dynamic behavior of a deviation from PPP.
For the subsample period of 1995Q1-2015Q3, the average of crosssectionally augmented DF statistics (CIPS) is -2.58 and statistically significant at the 1% significant level, suggesting that a deviation from PPP
converges to its long run equilibrium value. The bias corrected half-life
of a disturbance is about 7.5 quarters. Again, these results are very similar to those from the subsample period of 1997Q1-2015Q3. This suggests that our results are not sensitive to small change in the number of
observations considering that there are no noticeable events between
1995Q1 and 1997Q1.
For the subsample period of 1990Q1-2015Q3, the average of crosssectionally augmented DF statistics (CIPS) is -2.40 and rejects the unit
root hypothesis at the 5% significant level. We choose this subsample
period because the APEC was established in October 1989. Overall, these results suggest that the results from the benchmark model are robust
to the choice of cutoff dates. This may be natural in the sense that removing or lowering trade barriers between national markets is a time
consuming process.
3) Data Frequency

In this subsection, we examine if the choice of data frequency influences the persistence in deviations from PPP. This question is motivated
by Glen (1992), Papell (1997) and several studies in the empirical stock
return literature. In particular, Glen (1992) found that the results on the
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long run convergence of deviations from PPP are different between using monthly observations and yearly observations. Taking into account
of the influence of serial correlations of the error terms, Papell (1997)
also found more favorable evidence for long run PPP using monthly observations than quarterly observations. Considering this, we examine if
our results are robust with the choice of data frequency
Table 7. Yearly Data

Sample

CIPS

̂

Bias corrected
Half-life
( years)

N

1981-2015

-2.46**

0.78

6.2

13

1997-2015

-2.94***

0.47

1.6

16

1981-1996

-1.95

0.59

-

13

Source: International Financial Statistics (accessed April 1, 2017). This table presents the estimation results on regression (10). CIPS(N,T) is calculated based on equation (11) and
≡ 1 + . N represents the number of cross-section units. *, **, and *** represent
significance at 10, 5, and 1% level, respectively.

We first use yearly consumer price indices to construct real exchange
rates. Table 7 presents the results from the panel unit root test for the
three sample periods considered previously, using yearly data. We set one
year for lag length so that we can compare the results with those obtained using quarterly data. For the sample period of 1997-2015, the average of cross-sectionally augmented DF statistics (CIPS) is -2.94 and
rejects the unit root hypothesis at the 1% significant level. The bias corrected half-life of a deviation from PPP is about 1.6 years. These results
are very similar to those from the benchmark case with quarterly data.
Note that the bias corrected half-life is 5.7 quarters when we use quarterly data. For the sample period of 1981-1996, the average of crosssectionally augmented DF statistics (CIPS) is -1.95 and does not rejects
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the unit root hypothesis at the 10% significant level. Again, this result is
consistent with the benchmark case with quarterly data. For the sample
period of 1981-2015, the average of cross-sectionally augmented DF
statistics (CIPS) is -2.46 and rejects the unit root hypothesis at the 5%
significant level. This is not consistent with the benchmark case where
the test does not rejects the unit root hypothesis at the conventional levels.
We now use monthly consumer price indices to construct monthly real exchange rates. Table 8 presents the results from the panel unit root
test for the three sample periods considered previously, using monthly
data. We set 12 months for lag length so that we can compare the results
with those obtained using quarterly data. Australia, New Zealand, and
Papua New Guinea are excluded in the monthly sample because of data
availability. For the sample period of 1997M1-2015M11, the average of
cross-sectionally augmented DF statistics (CIPS) is -2.73 and rejects the
unit root hypothesis at the 1% significant level. The bias corrected halflife of a deviation from PPP is 18.4 months. These results are very similar to those from the benchmark case with quarterly data. Note that the
bias corrected half-life is 5.7 quarters (about 18 months) when we use
quarterly data. For the sample period of 1981M1-1996M12, the average
of cross-sectionally augmented DF statistics (CIPS) is -2.35 and rejects
the unit root hypothesis at the 5% significant level. This result is not
consistent with the benchmark case with quarterly data. We are able to
reject the unit root hypothesis using monthly observations, while we are
not using quarterly observations. For the sample period of 1981M12015M11, the average of cross-sectionally augmented DF statistics
(CIPS) is -2.30 and rejects the unit root hypothesis at the 10% significant
level. This is not consistent with the benchmark case with quarterly observations where the test does not rejects the unit root hypothesis at the
conventional levels. In general, these results are consistent with Papell
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(1997) and suggest that using monthly observations may lead to more
powerful test results in favor of long run PPP. Nevertheless, these results
still support our main conclusion that various efforts on the promotion
of international trade among APEC member economies and advancements in transportation and information technology have made goods
markets more integrated.
Table 8. Monthly Data

Sample

CIPS

̂

Bias corrected
Half-life
(months)

N

1981M1-2015M11

-2.30*

0.98

52.6

10

1997M1-2015M11

-2.73***

0.94

18.4

13

1981M1-1996M12

-2.35**

0.95

21.0

10

Source: International Financial Statistics (accessed April 1, 2017). This table presents the estimation results on regression (10). CIPS(N,T) is calculated based on equation (11) and
≡ 1 + . N represents the number of cross-section units. *, **, and *** represent
significance at 10, 5, and 1% level, respectively.

4) Lag Lengths

Although there is no economic theory which determines lag length,
there are several ways to determine lag length of the regression. One
typical way is to ask data based on information criterion for optimal lag
length such as Akaike information criterion (AIC) and Bayesian information criterion (BIC). The other way is to follow convention in the literature. We set one year as our benchmark lag length following convention in the literature: 12 months for monthly observations, 4 quarters for
quarterly observations, and 1 year for yearly observations. In this subsection, we investigate if our results are sensitive to the choice of lag length
by varying it from 0 to 8 quarters in regression (10).
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Table 9. Lag length (1997Q1-2015Q3)

Lag Length
(quarters)

CIPS

̂

Bias corrected
Half-life
(quarters)

N

0

-2.72***

0.86

7.6

16

2

-2.97***

0.82

5.1

16

4

-2.74***

0.83

5.7

16

6

-2.66***

0.82

5.1

16

8

-2.29**

0.84

6.1

16

Source: International Financial Statistics (accessed April 1, 2017). This table presents the estimation
results on regression (10). CIPS(N, T) is calculated based on equation (11) and ρ ̂≡1+b. N
represents the number of cross-section units. *, **, and *** represent significance at 10, 5,
and 1% level, respectively.

Table 9 presents the results from the panel unit root test for the sample period of 1997Q1-2015Q3 by varying lag length from 0 to 8 quarters.
Overall, we find that our results are not sensitive to the choice of a particular lag length. The panel unit root test rejects the null hypothesis at
the 1% level for the models with lag length of 0 to 7 quarters and at the
5% level for the model with lag length of 8 quarters. The calculated bias
corrected half-lives of a disturbance range between 4.9 and 7.6 quarters
for models with lag lengths of 0 to 8 quarters. These results on half-lives
are consistent with Crucini and Shintani (2008) who report that the estimates of PPP persistence are in the range of 1 or 2 years using aggregation of their micro level price data.
Table 10 presents the results from the panel unit root test for the
sample period of 1981Q1-1996Q4 by varying lag length from 0 to 8
quarters. Again, we find that our results are not sensitive to the choice of
a particular lag length. The panel unit root test does not reject the null
hypothesis at the 10% level for the models with lag length of 0 to 8
quarters.
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Table 10. Lag length (1981Q1-1996Q4)

Lag Length
(quarters)

CIPS

̂

Bias corrected Half-life
(quarters)

N

0

-1.36

0.93

-

13

2

-1.66

0.91

-

13

4

-1.99

0.89

-

13

6

-1.73

0.89

-

13

8

-1.90

0.86

-

13

Source: International Financial Statistics (accessed April 1, 2017). This table presents the estimation results on regression (10). CIPS(N,T) is calculated based on equation (11) and
≡ 1 + . N represents the number of cross-section units. *, **, and *** represent significance at 10, 5, and 1% level, respectively.

Overall, we conclude that our results from the benchmark case are
not driven by a particular choice of lag length, data frequency, cutoff
date, and base economy.
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Ⅶ. Concluding Remarks
This paper examined the degree of the integration of consumer goods markets among APEC member economies over the period of 1981-2015 based on
a PPP analysis. PPP is an equilibrium condition for integrated national markets
and states that national price levels, once converted to a common currency,
should be equal at the equilibrium under certain conditions. The underlying
force behind PPP is international goods market arbitrage. And the effectiveness
of goods market arbitrage depends on the extent of market integration. To
measure the degree of market integration, we examine the behavior of prices
which are generated in markets, instead of measuring trade costs which also
reflects the extent of market integration. One advantage of this method is that
international prices are not only easier to measure but also more comparable
than trade costs.
In particular, this paper examines persistent behavior of deviations from
PPP measured using consumer price indices and nominal exchange rates for
APEC member economies. It is natural to observe that PPP does not hold in
real world. Therefore, an interesting question to ask is if these deviations tend
to converge to their long run equilibrium value. If so, how fast do these deviations converge to their long run equilibrium value? Previous studies examined
which factors mainly prevent costless trade between national markets asking
these two questions. Based on the panel unit root test developed by Pesaran
(2007), we find that PPP holds in the long run for the sample period of 19972015 and the estimated half-lives of a deviation from PPP which measure the
speed of long run convergence is much smaller than the estimates reported by
previous studies. However, we find that PPP does not hold in the long run for
the sample period of 1981-1996. These results in a sense confirm the conventional wisdom that consumer goods markets have become more integrated
among APEC member economies in recent decades, considering the fact that
transportation costs have fallen, trade barriers have been lowered, and trade
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flows have increased. Further, one can argue that various multilateral or bilateral free trade agreements as well as advancement in transportation and information technology significantly contribute to lowering trade barriers and thus
trade costs among APEC member economies. For example, APEC economies
have reduced tariff rates from 16.9 percent in 1989 to 5.5 percent in 2004.
Overall, our study suggests that various efforts to lower trade barriers and thus
trade costs are a right direction to promote free trade throughout the Asia Pacific region. Specifically, we view that the implementation of various initiatives
such as the APEC Business Travel Card in 1999, APEC that the implitation
Action Plan in 2001, and Ease of Doing Business Action Plan in 2009 have
significantly reduced the costs of international trade across the Asia Pacific region.
Our study presents evidence that consumer goods markets in Asia Pacific
region have become more integrated, based on the analysis of national prices
of consumer goods as well as exchange rates. However, international goods
prices may change for reasons unrelated to changes in trade costs. Therefore
one should be sure to control for the other determinants of changes in international prices in order to claim the close relation between our empirical evidence
and decrease in trade costs. In addition, our method and data cannot distinguish between the influence of the implementation of the so-called “Bogor
Goals” and the influence of various bilateral free trade agreements by APEC
member economies. Finally, consumer price indices include not only traded
goods but also non-traded goods and do not distinguish the influence of traded
goods from that of nontraded goods on the speed of the long run convergence.
We admit that we made limited efforts in these matters and view that detailed
price data is needed to investigate more rigorously the relations. We leave them
for a future study.
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국문요약

본 논문은 APEC 경제 상품시장의 통합 정도를 분석한다. 이를 위해 본 연구는
1980~2015 기간 동안 APEC 경제의 소비자 물가지수와 환율 데이터를 사용하여
구매력 평가로부터의 이탈과 균형으로의 수렴 정도를 측정한다. 구체적으로 본 연
구는 먼저 구매력 평가의 이탈이 단기적인 현상인지를 검정한다. 이를 위해 세 개
의 샘플 기간 - 1981~2015, 1997~2015, 그리고 1981~1996 - 을 고려한다. 패
널 단위근 검정에 따르면, 1997~2015의 샘플 기간에만 구매력 평가의 이탈이 단
기적인 현상이고 다른 두 개의 샘플 기간에서는 구매력 평가의 이탈이 영구적이었
다. 다음으로 구매력 평가의 이탈이 장기균형으로 도달하는 데 걸리는 시간을 추
정하였는데, 장기균형의 중간지점까지 도달하는 데 약 1년 반 정도의 시간이 소요
되었다. 이 추정치는 기존 연구들의 추정치 - 약 3~5년 - 와 비교하면, 빠른 편
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