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What Determines Purchasing Power Parity

between Japanese Cities?

Taro Esaka

1. Introduction

Over the past decade, a considerable number of empirical studies
have analyzed purchasing power parity (PPP) or the law of one price ,
(LOOP) (see Froot and Rogoff (1995) and Rogoff (1996) for a
comprehensive survey). Many studies have tested the hypothesis that
the real exchange rate is stationary by using unit root tests in order
to examine whether long-run PPP holds across industrialized countries
for the post Bretton-Woods period. However, these studies fail to
reject the null hypothesis of unit roots by using industrialized country
data. More recently, some studies have tested the null hypothesis of
unit roots by using longer time series (e.g., Lothian and Taylor
(1996)) or panel data (e.g., Frankel and Rose (1996)). While these
studies have been more successful in rejecting the null hypothesis, the
speed of convergence to PPP has been shown to be slow. Rogoff
(1996) shows that the half-lives of PPP (LOOP) deviations are three
to five years in cross-country data. '

In this paper, we examine whether long-run PPP holds between
cities within Japan by using 15 annual disaggregated consumer price
indices during 1960-98. As shown by Froot and Rogoff (1995) and
Rogoff (1996), aggregate price indices, trade barriers and exchange
rate volatility (border effects) can affect the extent to which PPP or
LOOP holds. By using disaggregated price indices' between cities in

1 For analyses of PPP by using disaggregated price data, see Engel and Rogers (1996),
Parsley and Wei (1996), Jenkins (1997), Takagi and Yoshida (1999) and Esaka (2003)..”
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the same country, it should be possible to exclude some of these
effects, 'so that the relationship between deviations from PPP. and
types of goods (e g tradable goods or non- tradable goods) or
transport cost can be d1rectly analyzed | '

The questions we ask in this paper are as follows. First, does
PPP hold more for tradable goods than for non-tradable goods?
Second, does distance between cities increase the incidence of violation
of PPP? In order to answer these questions, we follow the following
testing strategy.? First, we test the hypothesis that the relative price
of goods between cities is stationary by using the unit root test and
estimate the rate of convergence to PPP. Second, we examine whether
the speed of convergence toward PPP is faster for tradable goods than
for non-tradable goods and ask whether. distance inhibits the elimina-
tion of price differences by using the estimated speed of convergence.
Third and finally, we statistically identify the determinants of PPP
between Japanese cities by using a logit model. '

The paper is organized as follows. Section 2 will present the

consumer price data and the result of the unit root test. Section 3

will examine the relationship between the speed of convergence to PPP

and the type of goods or distance. Section 4 will present the result of

estimating the logit model. Finally, Section 5 will present a summary

and concluding remarks.

2. Purchasing Power Parity and the Rate of Convergence
2.1. The Augmented Dickey-Fuller Test

Following the testing strategy described above, we first examine

the extent to which long-run PPP holds ‘between Japanese cities by

\Takagi and Yoshida (1999) use the univariate ADF test to test long-run PPP between
Japanese cities for three disaggregated consumer price indices for 1951-1991. Esaka
(2003) applies new panel unit root tests of Im, Pesaran and Shin (1997) and Maddala
and Wu (1999) to examine whether long-run PPP holds between major Japanese cities
for 13 disaggregated consumer price indices for 1960-1998.

2 Jenkins (1997) first tests whether the relative price of goods between cities across the
United States (US) and Canada is stationary by using the ADF test and then
identifies the determinants of PPP by using the probit model.
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using disaggregated price data. It .is naturally supposed that a
necessary condition for PPP is that the relative price of goods
between cities is stétionary; otherwise, deviations from PPP would be
permanent. Accordingly, we test whether the relative pfice of goods
between cities is stationary by using the Augmented Dickey-Fuller
(ADF) test. The test equation is as follows,

. k |
4qg, = a,+at+8q,_+ j;l 7,44, ;te€, S (1)

where ¢, is the relative price of good between city 7 and benchmark
city at time ¢ 4 is a first difference operator;- a, az', B and 7 are
the coefficients to be estimated; and e, is an error term.’ All variable
are expressed in natural logarithm, ,

The null hypothesis of the ADF test is that ¢, is a random walk
(nonstationary). In this study, the parameter 8 indicates the persis-
tence of deviation from PPP. If B is zero, any deviation from
PPP is permanent. On the other hand, if B 1is large (in absolute
_valué), the persistence of deviation from PPP is small. The half-life
of PPP deviations is computed from the speed of convergence (58 ) by
n(0.5)/In(1+8). |

Following Campbell and Perron (1991), we choose the lag length
in the ADF test in the following manner. Start with a maximum lag
length, ko, on k. If the last included lag is significant, choose
k=k,,. If not, reduce k by one until the last lag becomes signifi-
cant. If no lags are significant, set k =0. We set the maximum lag
length is at six ( k., =6) in order to preserve a reasonable number of
degrees of freedom and then eliminate those lags with insignificant
effects (at the 10 percent level).

3 Since the individual unit root tests are known to have low power with short time
spans, panel unit root test might be considered as a way of  increasing statistical
power. Unfortunately, however, the relationship between deviations from PPP and
the type of goods or distance between cities cannot be statistically examined with a
panel unit root test.
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Table 1. Disaggregated Consumer Price Indices, 1960-1998*

Goods category tradable or mon-tradable’

1 General

2 Food tradable

3 Cereals tradable

4 Meat _ tradable

o Dairy products and eggs ~ tradable

6 Fruits tradable

7 Cakes and candies tradable

8 Beverages tradable

9 Alcoholic beverages ' tradable

10 Clothes | tradable

11 Fuel, light and water charges non-tradable
12 Medical care non-tradable
13 Transportation and communication non-tradable
14 Education non-tradable
15 Housing non-tradable

(Notes)

& The annual data of disaggregated consumer price indices are obtained from the Annual
Report on the Consumer Price Index (published by the Statistics Bureau of the
Management and Coordination Agency, the Government of J apan). '

b The sample period is from 1960 to 1998. The seven cities are Tokyo (Tok), Yokohama
(Yok), Nagoya (Nag), Kyoto (Kyo), Osaka (Osa), Hiroshima (Hir) and Fukuoka
(Fuk). S , '

¢ Goods are classified as either tradable or non-tradable goods.

2.2. Consumer Price Data

We use Japanese consumer price data from seven cities for 15
annual disaggregated consumer price indices. The data. cover the
period from 1960 to 1998. Table 1 presents the types and characters
of goods. The disaggregated consumer prices are obtained from the

Annual Report on the Consumer Price Index, published by the

Statistics Bureau of the Management and Coordination Agency, the
Government of Japan. As sample cities, we use seven major cities:
Tokyo, Yokohama, Nagoya, Kyoto, Osaka, Hiroshima and Fukuoka,

which are all prefectural capitals and the centers of larger economic
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regions.’ Tokyo, the national capital and the center of the first largest

economic region, 1s used as the benchmark city.

2.3. The Augmented Dickey-Fuller Test and the Rate of Conuvergence

Table 2 shows the result of the ADF test and the estimated rates
of convergence to PPP.® In the first row, the rates of convergence
(8) toward PPP are presented and the ADF test statistics are
presented in the second row. From this table, we observe that the
null hypothesis can be rejected in 14 of the 90 cases at the 5 percent
level and in 30 cases at the 10 percent level. For tradable goods, the
null hypothesis can be rejected in 10 of the 54 cases at the 5 percent
level and in 24 cases at the 10 percent level. These results suggest
that PPP is more likely to hold for tradable goods than for. non-
tradable goods. Moreover, we find that PPP is more likely to hold
for closer city pairs. For example, the null hypothesis can be rejected
at the 10 percent level in 11 of the 15 cases for Yokohama and Tokyo.

Similarly, we observe that the speed of convergence may be faster
for tradable goods than for non-tradable goods. For example, in the
case of dairy products and eggs for Yokohama and Tokyo, the
parameter B 1s -0.81, implying that the half-life of PPP de\}iations 1s
0.4 years. On the other hand, in the case of medical care, 8 1is -0.11,
implying that the half-life is 5.94 years. In addition, we find that the
speed of convergence may be faster for closer city pairs; For example,
in the case of beverages, the half-life of PPP deviations is 0.94 years
for Yokohama and Tokyo, 1.40 years for Nagoya and Tokyo and 4.27
years for Hiroshima and Tokyo. |

As shown by Rogoff (1996), the half-lives of PPP (LOOP)

deviations in previous studies of cross-country data are three to five

4 For this study, it is necessary to select similar cities to directly examine the relationship
between the deviations from PPP and type of goods, because it may be thought that
variations in the population sizes and different consumption preferences across cities
influence on the performance of PPP.

5 Our results were not changed substantively, if the estimated model (the ADF test)
without a time trend was used.
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Table 2. Rates of Convergence toward the Purchasing Power Parity (B)
and the ADF Test Statistics™

Osa/Tok

Fuk/Tok

Yok/Tok | Nag/Tok | Kyo/Tok Hir/Tok
1 | General —0.68** | —0.43 —0.29. —0.23 —0.40 —0.28
(—3.74) | (—3.08) |(—255) |(—1.93) |(—294) |(—2.31)
2 | Food —029 | —052* | —031 | —051* | —046 | —0.64
: (—1.81) |(—3.25) |(=2.75) |(—3.40) |(—3.06) |(—3.01).
3 | Cereals 0.73** | —0.21 —0.46* | —0.45 —0.38 —0.34-
: (—362) |(—2.26) |(—323) |(—3.05) |(—2.29) |(—3.02)
4 | Meat —0.37* | —0.37*** —0.35* | —0.32 —0.32 —0.31%**
(—3.20) |(—4.27) |(—348) |(—=2.77) |(=2.77) |(—4.33)
5 | Dairy products & —0.81** | —0.31 —0.49" —0.45* —0.22 —0.51 "
eggs (—3.73) | (—2.34) |(—3.42) |(—3.28) |(—197) |(—2.39)
6 | Fruits —0.65** | —0.42* | —0.78*** —0.75**% —0.44 —054
(—4.17) | (—8.08) |(—5.72) |(—4.60) |(—3.02) |(—2.99)
7 | Cakes & candies —0.17 —0.37** | —0.38* | —0.21 —0.19 —0.24
(—1.60) | (—4.07) |(~323) |(—212) |(—2.04) |(—2.17)
8 | Beverages —0.52*** —0.39* —0.26 —0.26 —0.15* —0.19
(—4.78) |(—3.32) |[(—225) |(—2.59) |(—3.20) [(—2.22)
9 | Alcoholic beverages | —0.39* | —0.34* | —020 | —0.10 | =0.06 —0.21
(—3.37) |(—3.38) |(—226) |(—1.44) |(-1.19) [(—2.15)
10| Clothes —0.66** | —0.12 —0.37* | —0.19 —031 .| —0.24
(—3.78) | (—1.04) |(=323) [(—1.96) |(—2.54) |(—2.37)
11| Fuel, light & —0.25 -0.27 —0.36 —0.32 —0.31 | —0.26
water charges (—2.19) |(—2.30) |(-283) |(—2.27) |(—146) |(—181)
12 } Medical care —0.11 —0.25 —-0.39 —0.35 —0.34 —0.22
(—1.22) |(—271) |(—272) |(—2.45) |(—2.65) |(—1.50)
13| Transportation & —0.56** | —0.22 —0.22 —0.25 —0.15 —0.,13
communication (—3.74) | (—1.93) |(—2.06) | (—2.30) |(—145) |(—1.59)
14 | Education —0.54** | —0.27 —0.33 —0.20 —0.11 —0.13
(—387) {(—2.63) |(—179) |[(—292) |(—1.57) |(—1.94)
15 | Housing —0.31* | —0.20 —0.42* | —0.27 —0.25** | —0.27
(—3.29) |(—2.66) |(—3.25) |(—250) |(—3.56) |(—2.72)
Memorandum: distance (km) 29 366 514 556 873 1176

(Notes)

& Lag length is chosen by the Campbell and Perron (1991) procedure.
parentheses are the ADF test statistics.

b The half—lives of PPP deviations are calculated as In(0.5)/1In(1+8) .

¢ Tokyo is used as the benchmark city.
*** Significant at the 1 percent level.

** Significant at the 5 percent level.

* Significant at the 10 percent level.
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years. The average half-life of PPP deviations for tradable goods
between cities within Japan is 1.47 years. Hence, the rate of
convergence 1s much faster for tradable goods within Japan than for

the case with cross-country data.’

3. The Speed of Convergence toward Purchasing Power
Parity
In this section, we formally test whether the speed of convergence
toward PPP is faster for tradable goods than for non-tradable good
as well as whether distance inhibits the elimination of price differ-

ences.” To do so, we estimate the following regression equations,

| ADFCoefficient;| = a+ blTredableDummyij-!- b, Dis tan ce;+u;  (2)

| ADFCoefficient;| = a+ b, TredableDummy,+ b, Dis tan ce,; (3)
: + by Dis tan ceSquared;+ u,,

where | ADFCoefficient;| is the absolute value of the coefficient (8)
obtained from the ADF test for good ¢ and city pair j ;® TradableDummy;
1s the dummy variable for tradable goods, which assumes the value of
one for tradable goods and zero otherwise; Distance; is the distance
between the two cities in kilometers; Dis tan ceSquared; is the squared
distance between the two cities; a, b, b, and b, are coefficients to be
estimated; and %, is an error term.

In equations (2) and (3), the speed of convergence to PPP is
expected to be faster for tradable goods, such that b, >0 and
distance is expected to reduce the speed of convergence to PPP, such
that 5,<0. In equation (3), the concavity of the relationship

between deviations from PPP and distance are examined by adding a

6 Parsley and Wei (1996) estimate the rate of convergence to PPP or LOOP between US
cities by using a panel unit root test and show that the half-life of PPP or LOOP
deviations for tradable goods within US is roughly four to flve quarters. Hence, the
rate of convergence for Japan is nearly the same.

7 Transport cost is assumed to be a function of distance between cities, as in Engel and
Rogers (1996).

8 Because all coefficients were negative, a negative sign was dropped.
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squared distance term. Hence, 1t is expected that 5, <0 and &;>0.

Because' the :estimated speed of: convergence is used as the
dependent variable in equations (2) and (3), the variance of error
terms can differ across observations (i.e., error terms are likely to
be heteroscedastic). Accordingly, following Saxonhouse (1976), we
estimate the regression equations by using the weighted least squared
(WLS) method with the weight being the inverses of the standard
errors of the parameter (8) . In order to eliminate overlapping
observations, the general price index and the food price index are
excluded from. this part of the analysis, because they include goods
that are included in other price indices. The goods categories are
classified as either tradable or non-tradable goods based on our best

judgement.

Table 3. Regression of the Estimated Speed of Convergence on
Distance and the Tradable Goods Dummy®*®

Specification 1 | 2
Constant 0.330"** 0.377***
(0.035) (0.063)
Tradable goods dummy 0.046%# - ‘ 0.050*

A . o v - (0.031) - (0.029)
Distance (km) —0.14E-03*** —0.37E-03**
' : (0.44E-04) - (0.18E-03)
Distance squared L - 0.17E-06

| (0.12E-06)
Adjusted R-squared 0.135 0.151
F-statistic | | 7.000*** 5.573%**
, .£0.002] [0.002]

(Notes) . |

2 The regression equations are estimated by the weighted least squared (WLS) method.

Following Saxonhouse (1976), we use the inverse of the standard errors of the
parameter (B) from the ADF regression as the weight.

b The numbers in parentheses are standard errors, which are computed from a
heteroscedasticity —consistent matrix (White (1980)). The numbers in brackets are p
—values. ’

*** Significant at the 1 percent level,

** Significant at the 5 percent level.
* Significant at the 10 percent level.
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Table 3 shows the result of regressing the speed of convergence on
distance and the dummy variable.® As expected, b, 1is positive and
significant at the 10 percent level in equation (3), indicating that the
speed of convergence toward PPP is faster with tradable goods.” b, is
negative and significant at the 5 percent level in equations (2) and

(3), indicating that distance reduces the speed of convergence. It is

statistically confirmed that the speed of convergence toward PPP is
faster for tradable goods than for non-tradable goods and that

distance inhibits the elimination of price differences.

4. Econometric Evidence of Purchasing Power Parity
4.1. The Logit Model of Purchasing Power Parity

In order to statistically identify the determinants of PPP between
Japanese cities, we make use of a logit model." Here, we assume that
PPP holds between cities 1if the null hypothesis that ¢, 1s
nonstationary can be rejected by the ADF test at the 10 percent level,
and PPP does not hold otherwise. The dependent variable, the PPP

dummy variable (¥) can be written as,

Y, =0, if PPP does not hold_,
1, if PPP holds. (4)

The probability that PPP holds between cities is defined as a logistic
distribution and the probability is hypothesized to be a function of a
vector of n explanatory variables X. The probability that PPP is

supported 1s then represented as,

|

(5)

9 The standard errors are computed from a heteroscedasticity-consistent matrix (White
(1980)).

10 In equation (2), b, is significantly positive at the 15 percent level.

11 For details of the logit model, see Greene (1993).
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- o RN > 3:10:5.9) ' , '
and P(Y,=1|X) = F(B_X) = TFexp(B3X) (6)

where 8 is a vector of n known coefficients, F(8'X) is the cumulative
probability distribution evaluated at B'X and PC+[X) denotes the
conditional probability that PPP can be supported, given the explana-
tory variables X. Taking the logarithms of equations (5) and (6) and

combining, we obtain,

Py, =11X)

Ny =00

=R8X . - (7)

Moreover, the log likelihood function of the logit ‘model can be

written as,
In L=2,.:1{1;1nF(5*X)+(1—1g) In [1—F(,8’X)]}Q (8)

The log likelihood function of the logit model is estimated by using
the maximum likelihood (ML) method.

In order to answer the questions we set out to answer, we
estimate equation (7) by specifying it in the following ways.

P(Y,=1) _ - '
In By, =0) a+ B, TradableDummyi+ B,Dis tan ce;, (9)
PO D) D4 6.Dis ¢
N p(y =0y & A TradableDummyi+ B, Dis tan ce, (10)

+ B, Dis tan ceSquared,;.

In equations (9) and (10), the probability that PPP can be
supported is shown to be higher for tradable goods if 8, > 0 ; distance
is shown to reduce the probability if B, < 0. In equation (10), the
relationship between PPP deviations and distance is shown to be
concave if 8,<0 and 8;>0.

4.2.. Estimating the Logit model of Purchasing Power Parity
Table 4 shows the result of estimating the logit model. From

this table, we note that B, is positive and significant at the 5 percent
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Table 4. The Logit Model of Purchasing Power Parity®

Specification 1 2
Constant 0.049 0.658
(0.604) (0.771)
Tradable goods dummy 1.481** 1.564**
(0.605) (0.639)
Distance (km) —0.30E-02*** —0.59E-02**
(0.89E-03) (0.27E-02)
Distance squared - 0.25E-05
' (0.21E-05)
Fraction of correct predictions 0.744 0.756
Log likelihood —40.69 —39.98
LR test statistic® 20.47*** 21.87***
[0.000] [0.000]
Logit slope derivatives (in percent)
dP(I = 1)/dTradeDummy 25.85 26.61
dP(I = 1)/dDis tan ce —0.052 —0.100
dP(I = 1)/dDis tan ceSquared 4.2E-05
(Notes)

2 The numbers in parentheses are standard errors, which are computed from analytic
second derivatives (Newton’s method). The numbers in brackets are p-values.

b The log likelihood ratio (LR) test for the null hypothesis is that the coefficients of the
independent variable are jointly equal to zero.

¢ We report the effects of a one-unit change in the regressors on the probability that
PPP can be supported (also expressed in percentage points), evaluated at the mean of
the data.

*** Significant at the 1 percent level.
** Significant at the 5 percent level.
* Significant at the 10 percent level.

level in equations (9) and (10), indicating that the probability that
PPP can be supported is higher for tradable goods. B; 1s negative
and significant at the 5 percent level in equations (9) and (10),
indicating that distance reduces the probability.? In equation (10),
B; 1s positive, though B; 1s not significant at the 10 percent level,

indicating that the distance relationship is concave.

12 To capture the city pair-specific effects, we also included city pair dummy variables in
equation (9). It turned out, that however, the coefficients of city pair dummy
variables and B, were not significant, possibly owing to the presence of
multicollinearity between distance and the city pair dummies.
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Figure 1. The Probabilities of Support of Purchasihg Power
Parity from the Logit Model

Figure 1 shows the estimated probabilities from the logit model
(9). From this figure, we observe that the probabilities that PPP can
be supported for tradable and non-tradable goods decline, as distance
between cities increases. In the case of tradable goods, the probability
1s 75 percent for 100 kilometers, 50 percent for 500 kilometers, and 18
percent for 1000 kilometers. The probability is larger for tradable
goods than for non-tradable goods. It can also be observed that the
relationship between the probability and distance is concave. |

From these results, the model appears consistent with the data,
because B; is significantly positive, B, is significantly. negative, and
the log likelihood ratio test for the null hypothesis that the coeffi-
cients of the independent variable are jointly equal to zero is rejected
at the 1 percent level in equations (9) and (10). It 1is thus statisti-
cally confirmed that (1) PPP is more likely to hold for tradable
goods than for non-tradable goods and (2) the incidence of violation

of PPP increases with 'distance between cities.
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5. Summary and Concluding Remarks
In this paper, we have examined whether long-run PPP holds

between seven dJapanese cities by using 15 annual disaggregated
consumer price indices during 1960-98. Aggregate price indices, trade
barriers and exchange rate volatility (border effects) can influence the
extent to which PPP or LOOP holds. By using disaggregated price
indices between cities in the same country, we can potentially remove
these effects, allowing us to observe directly the relationship between
deviations from PPP and the type of goods or transport cost.

First, we have tested the hypothesis that the relative price of
goods between cities is stationary by using the unit root test and
estimated the rates of convergence to PPP. Then, we have formally
tested whether the speed of convergence toward PPP is faster for
tradable goods than for non-tradable goods as well as whether
distance inhibits the elimination of price differences by using the
results of the unit root tests. Both of these predictions were
statistically confirmed. It turned out that the average half-life of
PPP deviations for tradable goods was 1.47 years. Convergence for
tradable goods within Japan was faster than that typically found in
cross-country data.

Finally, we have statistically identified the determinants of PPP
between Japanese cities by using the logit model. It was statistically
confirmed that distance between cities makes it more likely that PPP
is violated and that PPP does hold more for tradable goods than for
non-tradable goods. It seems reasonable to conclude that distance
(transport cost) inhibits the elimination of price differentials that

may exist between cities.
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