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Abstract

The income gaps between Korea and her two richer neighbors, Japan and Taiwan in 1935,

estimated by the Maddison Project using the backward projection method from 1990, are

significantly different from the results based on directly comparing the price levels of 1935. We

explore the sources of error in the estimation of PPP using GDP deflators. We find that the

errors from the conceptual differences between PPP and GDP deflators are not large or

systematically biased; the majority of errors come from the inconsistency of the two data sets,

and the selection of the benchmark year. We estimate the GDP per capita of East Asian

countries without incongruities, using information from all benchmark years available.

Keywords: Maddison Project, purchasing power parity, GDP deflator, International Comparison

Project, Penn World Table
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I. Introduction

How have living standards changed in East Asian countries in the 20th century? In

particular, how have the gaps in GDP per capita among East Asian countries changed compared

with the United States? While it may be simple to compare countriesʼ GDP per capita by using

foreign exchange rates, this method is unable to show differences in national living standards

Hitotsubashi Journal of Economics 58 (2017), pp.179-197. Ⓒ Hitotsubashi University

＊ Corresponding author



because exchange rates do not reflect the prices of non-traded products. To compare national

living standards between countries, it is thus necessary to calculate the purchasing power parity

(PPP), which reflects differences in country-level prices and enables cross-country comparisons.

Indeed, the International Comparison Program (ICP), which compares the price levels of

different countries and has been conducted seven times since 1970, allows researchers to

compare national living standards based on PPP figures.

Moreover, national living standards have been estimated for periods when PPP had not

been compiled, as seen in the Maddison Project, Penn World Tables (PWT) and the University

of Queensland International Comparison Database (UQICD). For example, Maddison sets PPP-

adjusted GDP per capita in 1990 as its benchmark and extrapolates GDP backwards for prior

periods, using the rates of change of GDP per capita for each country. PWT used a method

similar to Maddison before version 8 (to be discussed further). From version 8, PWT differs
with Maddison in that the benchmark year has been updated with the new data of the ICP.

Unlike Maddison or PWT, UQICD estimated PPPs of almost countries from 1971 by the

econometric approach, using various information including GDP deflators as well as all ICP

data (Rao et al., 2010a; 2010b). While PWT and UQICD provide a wealth of information but

are limited to the post-1950s and post-1970s period respectively, Maddisonʼs estimates have the

advantage of being able to compare the GDP per capita of countries on a longer-term basis.

Maddisonʼs GDP per capita estimates showed that Korea had an income advantage over

Taiwan in the pre-WWII period, which contradicted the well-known evidence suggested by

studies on living standards in the two countries during the colonial period. To resolve this

issue, Fukao et al. (2006; 2007) estimated the PPPs of Korea, Taiwan, Japan, and China and

compared them with those of the United States in 1935. According to them, the PPP-adjusted

GDP per capita of Korea, Taiwan, and Japan were found to be 12%, 23%, and 32% of that of

the United States, respectively, with Korea suffering income disadvantage vis-a-vis Taiwan.

These results implied that Maddisonʼs previous estimates relatively underestimated the GDP per

capita of Taiwan, while overestimating the Japanese and Korean figures by 22% and,

remarkably, 77%.

Fukao et al. (2006; 2007) ʼs new estimates were incorporated into the Maddison Project

Database made available in 2013. Figure 1 shows the Taiwanese and Japanese GDP per capita

compared with that of Korea based on the previous and new versions of the Maddison Project.

The previous version (shown with dotted lines in Figure 1) shows that the pre-war GDP per

capita for Taiwan was lower than that for Korea; however, in the new version, the GDP per

capita of Taiwan and Japan are respectively 1.7 times and 3 times that of Korea, resolving the

problem of the previous version. However, connecting these results to the post-WWII estimates

led to another contradiction. According to Figure 1, the income gaps between Korea and Japan

and those between Korea and Taiwan largely decreased in the early 1950s compared with the

pre-war period. However, these results look counterfactual, because the Korean economy was

damaged by the Korean War, whereas the Japanese economy grew rapidly driven by the

demand expansion caused by the war.

In short, the income gaps between these three countries in 1935, as estimated by the

Maddison Project by using the backward projection method from 1990, showed significant

differences with the results obtained from directly comparing the price levels of 1935. However,

the newly estimated pre-war figures in the new version of the Maddison Project do not solve

entirely the problem, which has now morphed into another contradiction because of the

HITOTSUBASHI JOURNAL OF ECONOMICS [December180



incongruences between the pre-war and post-war series.

What is the root cause of the difference between the previous and new estimates? Fukao et

al. (2007) suggested three possible causes. The first is that GDP estimates of 1940s slightly

exceed the conjecture based on limited information, especially in the case of Korea.
1
The

second potential cause is the accumulation of error from the index number problem in the

process of backward projection since 1990. Fukao et al. (2007) used the index number

formulation, decomposing the error into two parts, one due to weight inconsistency and the

other caused by the changes in the terms of trade. Moreover, they attempted to estimate the size

of the error relating to the latter for Japan, which revealed that only 3%p of the total error

(22%) of the backward projection could be explained by changes in the terms of trade for

1935-1990.
2

While the size of the error is important, whether it accumulates is also crucial. Although

they did not present empirical data, Fukao et al. (2007) suggested that the two previously

mentioned causes in the index number problem cancel each other out, thereby not resulting in

systematic bias. On the contrary, Deaton (2012) and Feenstra et al. (2015), regarding the ICP,

emphasized that the error from the index number problem systematically accumulates when

estimating PPP by using national price indexes. If the claim by Fukao et al. (2007) is correct,

the above incongruity hence becomes difficult to explain. On the contrary, Deaton and others

suggest the possibility of increasing the discrepancies between the estimated and actual PPP as

the years projected backwards are further away from the benchmark year.
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1 However, as explained later, this situation is not remedied even if the Korean GDP per capita of the 1940s is

modified by using a more reliable estimation.
2 However, they did not derive a quantitative result about weight inconsistencies.

FIGURE 1. GDP PER CAPITA OF JAPAN AND TAIWAN COMPARED WITH KOREA (=1)

Sources: Appendix table; Maddison Project Database.
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Third is the possibility of the error stemming from the fact that the Maddison Projectʼs

estimate is based on a single benchmark year, namely 1990.
3
Comparing PPPs calculated by the

ICP shows significant differences between benchmark years; thus, the results of the backward

projection become heavily dependent on the benchmark year. While Fukao et al. (2007) did not

consider this cause, shifting the benchmark year from 1990 to 2005 or 2011 may partially

reduce the problems relating to the pre-war period in the Maddison Project.
4
While PWT has

updated the benchmark year whenever the ICP has published newly surveyed data, these

updates have their own limitations of changing estimates and discarding all data of the previous

benchmark year (Johnson et al., 2009). For this reason, PWT version 8 and subsequent versions

conducted interpolation for intervening years between consecutive benchmarks and extrapola-

tion for the rest (Feenstra et al., 2015). On the contrary, UQICD estimated PPPs reflecting data

of all ICP surveys (Rao et al., 2010a). There are considerable differences in the results

according to the respective methods.

The remainder of this paper is constructed as follows. In Section Ⅱ, we utilize information

from all benchmark years in the ICP to explain the discrepancy between the actual PPP and the

estimated PPP using the deflator. Specifically, we break down the discrepancy into parts

attributable to different causes and examine the size of each as well as whether it has

systematic tendencies in order to understand the optimal PPP estimation method in non-

benchmark years. In Section Ⅲ, we estimate the PPP-adjusted GDP per capita of Korea,

Taiwan, and Japan in the 20th century, which is not tainted by the incongruities as found in the

Maddison Projectʼs estimates. In Section Ⅳ, we provide conclusions on the discussions

presented in the previous sections.

II. Source of the Error of Estimating PPP

Comparing price levels across countries is more difficult than comparing them over time

within one country. The ICP currently conducts a cross-country price survey every six years;

then, until the subsequent round of data is released, PPPs are estimated by using the deflators

of each country. However, these estimations have significant discrepancies with actual PPP, and

a large literature exists on why they occur and how they can be reduced (Dalgaaed and

Sorensen, 2002; Ravallion, 2010; Biggieri and Laureti, 2011).

In this study, we estimate the discrepancy between actual and estimated PPP by using the

following equations. These equations originated from Deaton (2012), which was improved upon

by Feenstra et al. (2015). To simplify the discussion, we confine it to the case of two nations,

setting one as the reference country, namely the United States.

First, the change in prices between two points of time can be approximated by using the

Törnqivist index (see equation (1)). In this equation, pjt represents the price vector of country j

at time t; sjt represents the weight vector of country j at time t; and Pjt shows the price index of
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period.
4 The Taiwanese PPP-adjusted GDP per capita of 1990 compared with that of Korea was 14.2% higher according to

the Maddison Project; however, based on ICP data in 2005 and 2011, the figure would be 22.1% and 34.5% higher,

and thus the pre-war gaps between these countries would become larger accordingly.



country j at time t. Δ denotes the difference between the two points of time, so that ΔlnPjt(i.e.,
lnPjt−lnPjt−1) means the rate of inflation. Then, the inflation differential between country 1 and

country 2 can be written as ΔlnP2t−ΔlnP1t:

ΔlnPjt≈½(sjt+sjt−1)'(lnpjt−lnpjt−1) j=1, 2. (1)

PPP21t, which is the PPP index of country 2 relative to that of country 1 at time t, is also

approximated by using the Törnqivist index (see equation (2)). While the price index of

equation (1) is dependent only on the budget share of the home country, the PPP index is

influenced by the budget shares of both countries:

lnPPP21t≈½(s2t+s1t)'(lnp2t−lnp1t) (2)

By combining equations (1) and (2), we get equation (3), which represents the change in

the PPP index over time, shown as ΔlnPPP21t=ln(PPP21tPPP21t−1):

ΔlnPPP21t≈½(s2t+s1t)'(lnp2t−lnp1t)−½(s2t−1+s1t−1)'(lnp2t−1−lnp1t−1) (3)

=½(s2t+s2t−1)'(lnp2t−lnp2t−1)−½(s1t+s1t−1)'(lnp1t−lnp1t−1)

−½(s2t−s1t)'{(lnp2t−lnp2t−1)+(lnp1t−lnp1t−1)}

+½(s2t−s2t−1)'(lnp2t−lnp1t−1)−½(s1t−s1t−1)'(lnp1t−lnp2t−1)

=
inflation differential

(ΔlnP2t−ΔlnP1t)−
bias1

½(s2t−s1t)'(Δlnp2t+Δlnp1t)

bias2

+½[(s2t−s2t−1)'(lnp2t−lnp1t−1)−(s1t−s1t−1)'(lnp1t−lnp2t−1)]

According to equation (3), the changes in PPP on the left-hand side can be broken down

into the three terms on the right-hand side.
5
The first term on the right-hand side is the

differences in the changes in the GDP deflator of the two countries (that is, inflation

differential). Estimating the changes in PPP by using this inflation differential leads to the result

that a gap occurs because of the remaining two terms. Bias1 is equal to the product of the

budget share difference between the two countries (s2t−s1t) and average inflation. Bias2, the

meaning of which is unclear, is affected by factors such as changes in the budget shares of

each country over time (sjt−sjt−1). Ultimately, the rationale behind the gap between the rates

of change of PPP and inflation rate is the budget share difference between the two countries or

the changes in the budget shares of each country. However, different countries normally have

different budget shares, which change in different ways; therefore, it is normal to have gaps

between the changes in PPP and inflation differentials.
When information on PPP, prices, and the budget share for equation (3) are available, the

PPP change between two points in time can be decomposed into inflation differential, bias1,
and bias2. For the benchmark years of the ICP, i.e. 1970, 1975, 1980, 1985, 1996, 2005, and

2011, we can calculate the PPP changes and inflation differentials between benchmarks for

countries with data. However, because it is difficult to find information on the prices and
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removed bias2 from the discussion, assuming that it is minimal.



budget shares for the basic headings, we use information on the deflators and shares of the

expenditure components of GDP (C, G, I, X, M). The implicit deflators (i.e., current

prices/constant prices) and shares are available from the National Accounts (NA) for each

country. The PPPs for each expenditure component are obtained from calculations of PWT

version 9.
6

Table 1 shows the result of the decomposition carried out between benchmark years for

Korea. Taking the 1970-1975 interval as an example, the annual change in PPP (ΔPPP21) in the

second column is 4.8%; however, the inflation differential between Korea and the United States

from NA data (Δ(P2P1)
NA

) averages 11.6% annually, showing a large discrepancy between the

two figures. In this case, the left-hand side does not equal the sum of the three terms on the

right-hand side because there is no consistency between the differences in price levels across

countries sourced from the ICP and the difference in the deflators obtained from the NA of

each country. Let us, for example, assume that the price level for country 1 was the same as

that for country 2 for one benchmark year and doubled for the subsequent benchmark year in

the ICP data. In this case, the ICP data indicate that the deflator for country 1 rose twice as fast

as that for country 2. However, there is no guarantee that the deflator obtained from the NA

data would show the same increase. Therefore, entering the price information from two data

sets into equation (3) leads to a discrepancy owing to inconsistency.

We can also calculate a deflator that is consistent with the price level difference between

two countries for the benchmark years, using ICP data.
7
The calculated inflation differential

between Korea and the United States is presented in Table 1 as Δ(P2P1)
ICP

. Bias1 and bias2

are also calculated. In this case, the sum of the three terms on the right-hand side of equation

(3) equals the left-hand side. That is, in the 1970-1975 interval, the annual rates of PPP change

and inflation differential are shown to be 4.8% and 4.1%, respectively and the discrepancy from

the conceptual difference between PPP and the price index is 0.7% (bias1, from the differences
in budget shares between the two countries, is 1%, and bias2, explained through the changes in

budget shares, is −0.3%).

However, for non-benchmark years, ICP data are unavailable; therefore, the deflator

information used is Δ (P2 P1)
NA

rather than Δ (P2 P1)
ICP

. The discrepancy between the two

comes from the inconsistency between the price data of the ICP and NA. Ultimately, the

discrepancy when estimating PPP from the deflator data from NA can be decomposed into

three factors (bias1, bias2, and inconsistency). According to Table 1, the discrepancy of the

1970s occurs largely from inconsistency rather than bias1 or bias2, and discrepancy from

inconsistency appears to decrease significantly thereafter.

Then, what happens if we carry out the decomposition for other countries where data are

available? Figure 2 shows the distribution of bias1, bias2, and inconsistency, which was

calculated for 100 countries between the ICP benchmark years of 1996 and 2005. The x-axis
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we can obtain the PPP by expenditure component for each country by multiplying both of them. While PWT estimated

the PPPs for the years not surveyed by the ICP, we used only the information for the benchmark years.
7 If we express the price level of each country in each year compared with that (=1) of the United States,

multiplying it by the U.S. deflators creates a comparable price series over time (t, t+1, t+2…) and space (country 1,

2, 3…). PWT uses this method to calculate the price level for expenditure components and provides the index with the

price level of 2011 U.S. GDP
o
set to 1. Multiplying these figures by exchange rates provides the local pricing for each

country.



shows the log values of GDP per capita for each country in 2005, and graphs show the

relationship between those three factors and income.

First, according to panels (A) and (B), the bias1 is distributed over wider range than bias2

is. This finding indicates that the error from the difference in the expenditure pattern between

countries is larger than the error from the changes in the expenditure pattern over time. Second,

bias1 is positively correlated with income, which stands in contrast to Deaton (2012, Figure 2)

who argued negative correlation between bias1 and income for 1993-2005.
8
Lastly, Panel (C)

shows the sum of bias1 and bias2. Comparing panels (C) and (D) reveal that inconsistency

accounts for most of the discrepancy. Looking at the relationship between inconsistency and

GDP per capita, the inconsistencies for wealthy nations tend to be distributed around 0, while

those for poor nations are scattered widely.

We carried out the same decomposition for all other benchmark years and summarized the

results in the Table 2. First, most parameters of correlation between bias1 or bias2 and GDP

per capita are found to be statistically meaningless. While the parameters of bias1 are

statistically significant in only two intervals (1980-1985 and 1996-2005), they are different in
sign and generally near to zero. Therefore, it is difficult to argue that there are any correlation

between bias1 and income and the accumulation of bias over time.

Second, comparing the standard deviation, the discrepancy due to inconsistency is much

larger than the discrepancy due to the conceptual differences between PPP and the price index,

that is, bias1 and bias2.
9
Moreover, when we divide countries into two groups based on income,

the standard deviation of poor nations is larger than that of wealthy nations. Some measurement

errors are unavoidable given the data difference between the price survey of the ICP and the

deflators of NA and the difficulty of cross-country price comparisons.
10

Hence, the
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8 Deaton thought that bias1 is substantial and systematic and thus a factor that causes underestimating the PPP

increases for poor countries rather than for wealthy countries. His method differs with that presented in this paper.

While he had limited the scope to private consumption, utilizing prices and budget shares for 26 basic headings, this

paper used GDP expenditure components (C, G, I, X, M). However, applying his methodology for 1985-1996 when the

data of basic headings were available, we found bias1 positively correlated with income. Therefore, it would be difficult

to generalize his assertion that the sign of bias1 is negative.
9 Fukao et al. (2007) stated that changes in the terms of trade (similar to bias1 in this paper) only explain a small

part of the total discrepancy. Deaton (2012) also asserted that bias1 explains less than 19 for poor countries (with log

values of GDP per capita lower than 8). The fact that the error from the conceptual difference between PPP and the

GDP deflator only explains a small proportion is also confirmed in this study. However, as the remaining error comes

from the inconsistency of the price information of the ICP and NA, the congruity of the two data sets would decrease

the discrepancy, with the proportion explained by bias1 and bias2 errors also rising.
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inconsistency probably reflects the governmentʼs abilities to manage and survey statistics as

well.

As shown above, we identified the source of the discrepancies between the PPP inferred

from deflators of NA and the actually surveyed PPP in the benchmark years of the ICP. One of

the results is that the discrepancies from the conceptual differences between the two PPPs (i.e.,

bias1 and bias2) were not substantial or systematic. This fact indicates that the method of

estimating PPP for non-benchmark years using NA deflators is not so much problematic.

However, caution is advised as the discrepancy may be large. Most of the discrepancy stems, of

course, from the quality of the data used (i.e., the inconsistency between the price data of the

ICP and NA).
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at the international level. Apart from such differences in coverage, many factors lead to a discrepancy between the two

data sets. For details, refer to McCarthy (2013).

FIGURE 2. DISTRIBUTION OF ESTIMATED ERRORS IN EACH COUNTRY, 1996-2005

Notes: X axis is the log value of GDP per capita.

Sources: Penn World Table.
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III. Estimating PPP-adjusted GDP Per Capita for East Asian Nations

In this section, we estimate the GDP per capita of Korea, Taiwan, and Japan, which

remove the above-mentioned contradiction inherent in the estimations of the Maddison Project,

thereby creating a more consistent GDP series in the longer term. Our estimation method has

three features.

First, while the Maddison Project used a single benchmark year of 1990, we include the

same PPP information from all benchmark years as PWT version 9, which reflects the ICP

2011 results.
11

In addition, we add 1935 and 1985 (for Taiwan only) to the benchmark years.
12
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11 PWT uses a two-stage process to calculate PPP for each country. First, the PPPs for the expenditure components

(C, G, I, X, M) are calculated by using the GEKS procedure; these are then aggregated and real GDP calculated by

using the Geary-Khamis method. Refer to Feenstra (2015, Online Appendixes 3-7) for more information.
12 Bassino and Van der Eng (2016) estimated the PPPs of Asian counties including Korea, Taiwan, and Japan for six

benchmark years between 1913 and 1969. However, we did not use their estimated PPPs here, because they are based

on a few items of mainly food products and lead to such an implausible result that the gap in per capita GDP between

16
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The PPPs in between benchmark years are then interpolated; PPPs before the earliest and after

the latest benchmark years are extrapolated.

Second, for non-benchmark years, we calculate the inflation differential between the USA

and East Asian countries, in order to interpolate and extrapolate PPP
13
. As mentioned above,

bias1 and bias2 in equation (3) are neither substantial nor systematic; therefore, this approach is

not expected to skew the results far from reality.

Lastly, the Maddison Project used the overall GDP deflator for forward and backward

extrapolations; however, because PPP is affected by the different expenditure patterns of

nations, such an approach may distort the results. To avoid this distortion, one needs ideally to

disaggregate to individual product or basic heading level, which is infeasible due to the

unavailability of data. Instead, we disaggregate to the expenditure component levels (C, G, I, X,

M) and interpolate or extrapolate PPPs. This method, which is also used by PWT, contrasts

with the use of overall GDP deflator in the Maddison Project.

Now, we briefly summarize the data and estimation methods used for each country.

1. Korea

The NA statistics for Korea used in this study are as follows. The GDP components for

1953-2015 were sourced from the Bank of Korea, and the population statistics were taken from

Statistics Korea. The GDP components for 1911-1940 were sourced from Kim ed. (2012) or

Cha and Kim (2012)
14
. Although Korea was not split into two regimes during the colonial

period, we used GDP for the southern half as estimated by Cha and Kim ed. (2012). For GDP

and population between 1941 and 1952, we used the estimates of Kim ed. (2012, pp.296-331,

518-521).
15

We can calculate implicit deflators for the expenditure components by using current and

constant prices. However, implicit deflators cannot be calculated for 1941-1952 because only

the GDP volume index can be estimated from the production statistics by industry. Therefore,

we must approach that period differently, as mentioned later.

We interpolated the PPP between the two years of 1935 and 1970, using the PPP of 1935

estimated by Fukao et al. (2007) and that of 1970 ICP benchmark year. Compared with

extrapolation, interpolation utilizes more data and is able to reduce errors. Fukao et al. (2007)

estimated the price level of each country vis-a-vis the United States for the expenditure

components (C, G, I) as well as overall GDP in 1935; hence, we are able to calculate PPP for
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Korea and Japan was minimized during the Korean War.
13 In this regard, we followed the methodology of the latest PWT version. However, the potent methodology of

UQICD cannot be applied to pre-1970 when there is not ICP survey.
14 The Maddison Project Database used GDP estimated by Mizoguchi and Umemura (1988) and population estimated

by Suh (1978) for pre-liberation Korea; however, as indicated by Cha and Kim (2012, pp.72-73), their estimations of

GDP and population have some problems.
15 The significant lack of data for this period implies lower reliability of the output and population estimates than in

the decades preceding and following the period. Fukao et al. (2007) questioned the reliability of Korean data for the

1940s used in the Maddison Project, viewing it as a major source of error. As previously mentioned, Maddisonʼs

estimates for the 1940s were very rough; comparing them to the estimates of Kim ed. (2012), which improved on the

data, there are considerable differences. However, both of them similarly showed that GDP per capita in 1953 was 67-

68% of that in 1940. This finding indicates that even if the estimates used in the Maddison Project were to be replaced

with better ones for the 1940s, it does not make a significant difference.



each expenditure component in 1935.
16

We used equation (4) to interpolate. The subscripts US, j, and t denote the United States,

other countries, and year, respectively. The superscript NA indicates that the data source is the

NA. According to equation (4), the PPP trends are assumed to follow the change in the deflator

of country j compared with the United States; this corresponds to the inflation differential in
equation (3). For example, if the U.S. deflator rose by two times and the deflator of country j

rose by 10 times, we can estimate that the PPP of country j rose by five (=102) times. We

reconcile the benchmarks in the two years by using two inflation differentials, as shown in

equation (4). For year t in between the 1935 and 1970 benchmarks, we apply larger weights to

the inflation differential closer to benchmark year. If year is 1935 (i.e., t is 1935), the first term

of the right-hand side is equal to PPPj1935, with second term being zero:

PPPjt=PPPj1935x(PjtPj1935)
NA(PustPus1935)

NA
x(1970−t)(1970−1935) (4)

+PPPj1970x(PjtPj1970)
NA(PustPus1970)

NA
x(t−1935)(1970−1935)

Moreover, for data before 1935, we extrapolate backwards using equation (5). The method

of estimating PPP using the inflation differential compared with the United States is the same as

in equation (4):

PPPjt−1=PPPj1935x(Pjt−1Pj1935)
NA(Pust−1Pus1935)

NA
(5)

Using the above equations, the PPPs for GDP and the expenditure components (C, G, I)

can be calculated annually. Moreover, the expenditure components divided by these PPPs

become PPP-adjusted expenditure; adding them (=C+G+I+X−M) results in PPP-adjusted

GDP per capita.
17

The comparison of them with GDP per capita of USA is shown in Figure 3.

This indicates that the GDP per capita of Korea before liberation was around 10% of that of the

United States, dropping after liberation, and recovering to 10% in the early 1970s before

reaching 68% of that of the United States in 2014.

According to the above result, the GDP per capita of Korea was 9.2% that of the United

States in 1940 and 5.3% in 1953. We reasonably assumed that the trend of the ratio in 1941-

1952, namely when the method cannot be applied, follows the growth rate gap of GDP per

capita in both countries.
18

Multiplying the above proportion of Korean GDP per capita compared with the United

States by the 2011 constant GDP per capita of the United States results in the real GDP per
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16 For example, the Korean price level of private consumption (C) compared with the United States in 1935 was

estimated to be 0.43, with the exchange rate per U.S. dollar being 0.00343 in todayʼs currency; PPP, the product of

multiplying the two, thus becomes 0.00147. On the contrary, the price level of private consumption in 1970 calculated

by PWT is 0.668; multiplying this figure and the exchange rate per U.S. dollar, 311, makes PPP be 208. Therefore,

PPP rose from 0.00147 in 1935 to 208 in 1970.
17 As export and import price levels were not estimated by Fukao et al. (2007), we could not calculate PPP for

exports and imports. Instead, we deflated net exports (X-M) by PPP for overall GDP.
18 In 1940-1953, the GDP per capita of Korea dropped by 32.4% and that of the United States jumped by 68.2%.

When these growth rates are applied to the GDP per capita level of both countries in 1940, the GDP per capita of

Korea compared with the United States was 3.7% in 1953, rather than 5.3%. Conversely, when the growth rates are

applied to GDP per capita in 1953, the ratio became 13.2% in 1940, rather than 9.2%. Equation (4) can thus be used to

reconcile both results, replacing the PPPs in the equation with the GDP per capita of Korea compared with the United

States (i.e., 9.2% and 5.3%) and the inflation differentials with the annual growth rate gap of GDP per capita.



capita of Korea for that year (see Appendix table).

2. Taiwan

The NA statistics of Taiwan used in this paper are as follows. Post-1951 GDP by

expenditure component (constant GDP statistics provided for years after 1981) is sourced from

the National Statistics of Taiwan; for the years before, we obtained GDP data from Mizoguchi

(2008). The population statistics were sourced from PWT for the years after 1951 and from

Mizoguchi (2008) for the years before. Implicit deflators for each expenditure component can

be calculated from the above NA statistics.

Taiwan was first included in the ICP in 2005; for prior years, PWT only provides

extrapolated statistics. However, Yotopoulos and Lin (1993, pp.16-18) estimated the price level

for each expenditure component for Taiwan vis-a-vis the United States in 1985. Moreover,

estimates of the 1935 price levels were provided by Fukao et al. (2007).
19

Therefore, we added

1935 and 1985 as new benchmark years and interpolated PPP in 1935-1985 and 1985-2005 as

well as extrapolated it for the years before 1935. The estimating methods used therein are the

same as that used for Korea.

We calculated Taiwanʼs PPP-adjusted GDP per capita with the method used for Korea; the

proportion of Taiwanese GDP per capita compared with the United States is presented in Figure

3. Moreover, this proportion is multiplied by the 2011 constant GDP per capita of the United

States, which results in the real GDP per capita for Taiwan (see Appendix table).
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19 We must consider that the Taiwan currency was denominated by 1/40000 in 1949.

FIGURE 3. EACH COUNTRYʼS PROPORTION OF GDP PER CAPITA COMPARED

WITH THE UNITED STATES

Source: Appendix table. 
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3. Japan

The Japanese NA statistics were taken from several sources. GDP by expenditure

component was obtained from Ōkawa et al. (1974, p. 178-179, 213-214) for years before 1954,

and from the Cabinet Office NA Statistics of the Japanese government for the years after 1955.
These data allow us to calculate the implicit deflators for each expenditure component.

20

The ICP has been compiling Japanese data since 1970; hence, by using the Japanese price

level compared with the United States estimated by Fukao et al. (2007), we can interpolate PPP

between 1935 and 1970. The used method is also the same as that used for Korea. The

proportion of Japanese GDP per capita compared with the United States is presented in Figure

3, and this proportion is used to calculate real Japanese GDP per capita.

4. United States

The NA statistics for the United States after 1929 were sourced from the Bureau of

Economic Analysis of the United States. For the years before 1928, the Historical Statistics of

the United States provides real GDP. We use the 2011 price GDP per capita of the United

States as a reference, in accordance with PWT version 9, in estimating the real GDP for each

of the East Asian countries.

From the NA data, implicit deflators can be calculated for the expenditure components for

the years after 1929. However, for the years before 1929, it is difficult to obtain deflators for
each expenditure components. We thus used current and constant prices of consumer goods and

producer durables from the Historical Statistics of the United States for the years before 1918;

however, GDP deflators were used for 1919-1928 as no price information exists by expenditure

component.

The PPP-adjusted GDP per capita of each country calculated by using the above-

mentioned data and methodology is presented in the Appendix table. This is the equivalent to

the RGDP
e
of PWT, which is the real GDP from the expenditure side, and can thus be

compared across countries and time.

According to Figure 4, our result for Korea and Japan is similar to that of PWT for the

years after 1970; however, there is a gap for the years before 1970 because PWT used

extrapolation for those years, while we interpolated between 1935 and 1970. For Taiwan, we

added new benchmark years of 1935 and 1985, which generated a slight difference compared
with PWT.

However, the gaps between our results and the new estimates of the Maddison Project for

Korea and Japan are substantial. The most important cause of the difference was that Maddison
used a single year of 1990 as the benchmark, whereas this study used PPP information from all

benchmark years. On the contrary, there is no significant gap for Taiwan between the results of

this study and those of the Maddison Project. In short, the selection of benchmark years have

important effects on the entire growth paths of countries.
For the pre-war period, both our estimates and those of the new version of the Maddison
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20 However, this was missing for 1951 and was thus accessed through the consumption, investment, import, and

export price levels taken from Ōkawa et al. (1967, 134) and Yamazawa and Yamamoto (1979, 195, 199).



Project used 1935 PPP (Fukao et al., 2007); however, the Maddison estimates were

significantly higher than ours. One of the reasons for this gap is because the GDP per capita of

the United States before 1945 is higher in the estimation of the Maddison Project than ours
21
,

as seen in panel D. As the Maddison Project used the higher constant GDP per capita of the

United States in the pre-WWII period as a base, it overestimated pre-war GDP per capita of

each countries compared with that of post-war.

Figure 5 presents the GDP per capita of Taiwan and Japan compared with that of Korea
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21 Much of this difference was because the GDP per capita of the United States in the Maddison Project from 1945-

46 showed a 21% decline, nearly twice that of the Bureau of Economic Analysis used in this study.

FIGURE 4. COMPARISONS OF PPP-ADJUSTED GDP PER CAPITA ESTIMATES:

MADDISON, PWT, AND THIS STUDY

Note: 1) The unit for the y-axis is in 2011 U.S. dollars (log grade).

          2) We shifted the Maddison estimates so that the 2010 values align with the applicable values of this study.

Sources:Appendix table; Maddison Project Database; Penn World Table.  
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(=1) according to the estimates of this study. The ratios are compared with those implied by
the Maddison Project estimates, which are shown in Figure 1 (indicated by the dotted line). Our

estimates resolve the incongruity that Korea, damaged by the Korean War, rather reduced the

GDP gap compared with Taiwan and Japan in the Maddison Project. Before the war, GDP per

capita in Japan and Taiwan remained at three and two times the level of Korea, respectively.
22

In the 1950s and 1960s, this gap expanded to 5.7 times between Korea and Japan and 2.5 times

between Korea and Taiwan. The following years saw a rapid catch-up by Korea, with the

present gap between the three countries within 1.3 times of one another.

IV. Conclusion

Because the PPP-adjusted GDP time series of Maddison project are derived by projecting

backwards and forwards from 1990, the benchmark year, by using GDP time series of NA, two

series grow at identical rates over time. Thus, the patterns of comparative growth became

heavily dependent on the choice of benchmark year. Estimation based on a single benchmark

year inevitably led to implausible patterns of convergence and divergence between countries,

such as Korea overtaking Taiwan before WWII. In order to resolve this problem, Fukao et al.

(2006, 2007) added 1935 as a benchmark year. However, their estimation using multiple
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22 The fluctuation of the JPN/KOR proportion in 1939 was due to the rapid decrease in Korean GDP from the bad

harvest caused by extreme drought. As the estimated deflators of 1941-1943 were influenced by wartime price control,

the results of this comparison require some reservations.

FIGURE 5. GDP PER CAPITA OF JAPAN AND TAIWAN COMPARED WITH KOREA (=1):
ESTIMATES OF THE MADDISON PROJECT AND THIS STUDY

Sources: Appendix table; Maddison Project Database.
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benchmarks without interpolation led to incongruities between pre-war and post-war series, as

pointed out in Figure 1.

To avoid this problem, this study used information from all benchmark years that were

surveyed by ICP, following the methodology of PWT version 8, and conducted interpolation

for years between benchmarks and extrapolation for the rest. Unlike PWT, we added 1935 (and

1985 for Taiwan) as a benchmark year, expanding PPP-adjusted GDP per capita to the

beginning of the 20th century. By doing so, we were able to resolve the incongruities inherent

in the estimates of the Maddison Project.

Estimating PPPs for years without ICP data by using GDP deflators from NA data causes

significant discrepancy. So far, several reasons have been suggested regarding the source of this

discrepancy with unsatisfactory results. This study contributes to the body of knowledge on this

topic by decomposing the factors behind this discrepancy for all the benchmark years from the

ICP. We confirmed that the discrepancy from the conceptual difference between the deflator

and PPP was neither substantial nor systematically biased towards a certain direction, even

though it had been highlighted as the reason for the discrepancy in previous studies. We also

found that the majority of the discrepancy was from the inconsistency in the price information

of the two data sets.

These findings have significant implications for calculating PPP for years without ICP

data. The method of estimating PPP by using differences in the GDP deflators from NA data

across countries does not lead to a systematic problem. For this reason, we adopted

interpolation or extrapolation approach. However, it must be noted that the discrepancy from

the inconsistency of the data may be substantial. This fact indicates that the discrepancy

between actual and estimated PPP is not mainly because of the limitation of the method using

deflators, but rather dependent on the quality of data, as shown by the inconsistency of the two

data sets.
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