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Abstract; To examine the adjusted purchasing power parity model for Balassa-Samuelson effects, we

choose China Yuan and U. S. Dollar as target currencies. Based on five assumptions in Balassa-

Samuelson effect, we firstly derive a simplified formula for real exchange rate expressed by economics

variables such as labor productivity and the expenditure share of non-traded goods. Choosing 2005 as a

base year, we estimate the real exchange rate of China Yuan and reach a preliminary diagnostic by

comparing estimated values with real equilibrium exchange rates. Simple linear regression method is

adopted, and we conclude that this model does not hold in this specific case. In the final part, we point

out four drawbacks of this model, which are innate flaws in its assumptions, disagreements in

consumption patterns between Chinese and the U, S. citizens, and government interventions, etc.

Key words: real equilibrium exchange rate model; exchange rate of renminbi;revised purchasing power

parity method

0 Introduction

In finance, real exchange rate between two
specific currencies can be calculated by the
nominal exchange rate, and latter is influenced by
foreign exchange and the price levels. Also, real
exchange rate can be theoretically estimated by
mathematical models, namely the four
mainstream exchange rate modelst'?, There will
be discrepancies between the actual data and
estimated data because models are normally based
on simplified assumptions. But there should be
one model, whether it is found or not, that is
superior to all the others in a specified context.
models, the

Among all mainstream

purchasing power parity model revised for

( revised PPP ) is

extensively employed to evaluate real exchange

Balassa-Samuelson effect
rates, especially the rates between Chinese
currency, Yuan, and U. S, dollar. But results in
papers show enormous disagreements. Most of
the research carried out by academia reported an

undervaluation of China Yuan. But there exist

dissensions in the degree to which CNY is
undervalued. In [3], CNY is undervalued by
43%-50%, which deviates from the result of
65% in [4]. But it is argued that there is little
statistical evidence that CNY is undervalued
in [5].
Actually, China

undervalued is significant, but the reassessment

whether Yuan is
of the applicability of the model is more
inspiring. As few scholars have taken this issue
into consideration, we decide to investigate the
applicability of the model in this paper.
Meanwhile, the data used in this paper are

collected from 1997 to 2010.

1 Derivation of the Model and Estimation
of RER

To begin modeling, it is important to look at
the definitions of variables. Two core variables
are real exchange rate (RER) and nominal
CE).
productivity (A), wage rate and price level (P)

exchange rate Also we take labor

into consideration. Using subscripts CN (for
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China), US (for the U. S.), T (for traded
sector) and N (for non-traded sector), we
distinguish variables considering traded and non-
traded variables. We also consider the overall
price level in China and the overall price level in
the U. S..

Under the revised purchasing power parity
model, goods produced in a country can be
divided into two separate parts:traded goods and
non-traded goods. Traded goods are the goods
that can be exported and imported freely. Non-
traded commodities are mostly services that
cannot be transported between countries.

According to purchasing power parity
theory, real exchange rate is the product of
nominal exchange rate and the ratio of price

levels.
Pex
Puys

There are five basic assumptions according

RER=E -

O

to Balassa-Samuelson effect; Dwage rates in both
traded and non-traded good sectors are the same;
@differences of labor productivity exist between
sectors, and differences in traded sectors are
greater than in non-traded sectors; @the Law of
One Price holds in traded sector; @ perfect
competition exists in each sector in each country;
® price levels are defined as weighted geometric
and the

are the expenditure shares

averages of prices in both sectors,
geometric weights!®7"]
on non-traded goods .

Based on above assumptions, after complex
and careful computation and derivation, we
obtain a simplified RER formula:

(M)a

_Aoven”

RER=
(AUS*T )ﬂ

(2

Ays—x

This formula tells Balassa-Samuelson effect.
It shows that if the ratio of traded goods
productivity to non-traded goods productivity is
growing faster in China than in the U, S. , China
should experience an appreciation of the real
exchange rate,

Commodities are classified into either traded
good sector or non-traded good sector based on
forms.  According to this

their physical

classification, we  roughly estimate the
productivity by calculating real GDP per capita
using the data from StatAPEC. We also find that
all the assumptions in Balassa-Samuelson effect
hold,
applying this method are well satisfied.

Having had the data from StatAPEC and the
World Bank, using the simplified RER formula,

the estimated real exchange rate from the revised

which means that the conditions for

purchasing power parity model is easily achieved.
Here we take a base year of 2005 and set the
Estimated RER to be 100 numerically and go on
computing the numbers for both the previous and
ensuing years. Then the diagram of estimated

RER associated with REER is given (Figure 1).
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Fig.1 Estimated RER from 1997 to 2010

From Figure 1, our preliminary diagnostic is
that the purchasing power parity model adjusted
for Balassa-Samuelson effects doesn’t work well,
since the two lines don’ t match closely. There
are significant differences in both the early years

from 1997 and recent years since 2007.

2 Assessment of Revised PPP Model

The final step is to assess the feasibility of
the model mathematically. Conducting a simple
linear regression of Estimated RER on REER can
give an easier depiction of the result. Regression

coefficients and test statistics are shown in

Table 1.
Table 1 Fitted values and test statistics
Fitted Intercept Fitted Slope  R? 2 p-value
80. 866 0 0.2210 0.1604 0.090 45 0.155 9

From the test statistics in Table 1, we
conclude that the regression is not significant due
to a high p-value. Furthermore, great difference
between fitted

intercept and the expected



%114

EFIIFE 55 - LR BE- B2 B R BR AN T W 3K 7 A0 AR U AE AP SR IR B AP Y PRAG 73

intercept (which is zero) and the significant
disparity between fitted slope and the expected
slope (which is one) indicate a bad fitted line.
Based on further investigation, it is found
that the annual comparative price level data
between China and the U, S. associated with
average nominal exchange rate, and then we
depict the two lines of the purchasing power
parity and the nominal exchange rate trends in

the same graph (Figure 2).
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Fig.2 PPP and NER from 1997 to 2010
Law of One

purchasing power parity should be equal to

According to the Price,

nominal exchange rate in ideal conditions.
However, as shown in Figure 2, purchasing
power parity is always lower than the nominal
exchange rate. While the nominal exchange rate
landed after 2005 as a consequence of the
exchange rate regime reform by the People’ s
Bank of China, purchasing power parity showed
bare variation. So the purchasing power parity
theory is not feasible in this CNY-USD case. By
the same regression approach for NER on PPP,
we find a fitted intercept of 4. 356, which largely

deviates from the expected slope (which is zero).

3 Conclusion

We combine the results from real equilibrium
exchange rate and nominal exchange rate, and
therefore conclude that the revised purchasing
power parity model does not at all hold for the
CNY-USD case.

well in the revised PPP framework. To complete

The estimation cannot work

our conclusion, some disadvantages of this model
that may affect our result must be pointed out:
Drawback 1: There is no clear definition for

traded goods and non-traded goods. Although

both traded goods and non-traded goods have
already been defined, there exist a great number
of disputes in research field. However, no matter
how this classification criterion is set, trade
barriers, travel costs, capital movement, tariff
speculation, and other factors can never be
neglected. In the real world, these factors violate
the free flow of goods. The high transportation
costs between China and the U. S. and the high
tariff of China custom can be considered as crucial
factors that influence the applicability of the
model,

Drawback 2: The effects of changes in foreign
exchange rate are ignored. The purchasing power
parity theory asserts that changes in price level
induce changes in the foreign exchange rates, but
it ignores the fact that the mechanisms may act
reversely, i. e. changes in foreign exchange rate
also influence the price level, as is illustrated in
[8]. People will not be able to make clear of
which factor moves ahead of the other and
becomes dominant or determining.

Drawback 3: The intervention of govern-
ments isn’ t considered. The purchasing power
parity theory only holds in free capital markets,
in which the prices of commodities are only deter-
mined by supply and demand. However, in the
real condition, government will surely exert price
control policies to some specific goods, which
breaks the auto regulating function of the
market,

Drawback 4: The bundles of goods that
Chinese people buy and Americans buy are not
the same. The mostly extensively consumed
goods and services in both countries are not
comparable due to the existence of cultural gaps
and differences among religions. One example is
that Chinese have much stronger preference for
the consumption of luxuries while the U. S,
citizens spend a greater portion of dispensable
income on daily necessities., So it’ s impossibly
hard to choose the bundle of goods that is
representative and fair given the different
preferences.

In the model that we discuss, assumptions

are so idealized that under no circumstance can
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they be satisfied in the real world, especially in
this Sino-American case. So it makes sense that
the purchasing power parity model adjusted for
Balassa-Samuelson effects doesn’t work for the
CNY-USD case in the paper.
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Appendix A Derivation of Formulae

There are five basic underlying assumptions
considering the definition;

1. Wage rate in both traded and non-traded
goods sectors are the same;

Wen—r=Wen-n=Wen,

Wis—1=Wys—n=Wys

2. Difference of labor productivity exists
between sectors:

AUS*T >ACN*T 9AUS*N>ACN*N

and difference between traded sector is

greater than non-traded sector:

AUS* T AUS* N
ACN* T ACN* N

3. The Law of One Price holds in traded

sector;

>

E= PUS*T

~ Poxr

4, Perfect Competition, i. e., wage rate
equals the multiplication of labor productivity and
price in each sector in each country:

Won=Acn-1 * Poxor=Acn—~ ¢ Pov—x

Wuys=Aus 1 * Puys-1=Aus ~ * Pusn

5. Price levels are defined as weighted
geometric averages of prices in both sectors:

Pex=[Pcx-1]"* * [Pex-n ]

Pys=[Pus 11" # « [Pys n}*

where parameters o« and [ ( geometric
weights) are the expenditure share on non-traded
goods in China and the U. S, , respectively.

Thus we derive formula (2) from formula

(1) as follows:

Pcy
RER=E -
Pys
[P(;N—T]k“ * |:PCN—N:|'z
=RER=E - -
[Puszjl B [Pust]p
Wen . (ACNfT)a
Acv1 Acxox
=RER=E « 55——¢
Wos | (Ausry,
Ays— 1 Ays
WUS WCN . (ACU*T)H
Aus 1 Acnot Acn-n
=RER= .
Wen Ws . (AUS*T)[]
Acn-t Aust Ays
(ﬁ—foT)“
=>RER=-—S-N_
(AUS*T)[;

US—N
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Appendix B:Basic Indicators in China

Indicator 1997 1998 1999 2000 2001 2002 2003

Total Population (in thousands) 1230075 1241935 1252735 1262645 1271850 1280400 1 288 400

Population, Ages 0-14 of total

. 26.795 26,451 28 26.016 85 25.483 13 24.838 48 24,097 61 23.311 06
population/ %

GDP, Current USD (in millions) 952 652.7 1019 459 1083278 1198475 1324807 1453828 1 640 959

Labor Force Participation Rate,
Total of total population ages 78.004 94 77.646 55 77.309 11 76.993 21 76.622 83 76.269 26 75.918 14
15+/%

Unemployment Rate, Total of
total labor force/ %

Value Added, Agriculture

3.1 3.1 3.1 3.1 3.6 4 4.3

18.287 14 17.555 98 16.470 22 15.063 01 14.391 75 13.742 73 12.797 34

of GDP/%
Value Added, Industry
of GDP/ % 47.539 03 46.212 18 45.757 55 45.916 65 45.152 45 44.789 82 45.968 95
Value Added, Services

4,17 .23184 37.772 2 9.020 34 40.455 79 41.467 44 41.23 371
of GDP/ % 3 383 36.23184 3 3 39.020 3 0. 455 6 33
Employment, Agriculture of total 49.9 19.8 50. 1 50 50 50 9.1
employment/ %
Employment, Industry of towal 23.5 23 22.5 22.3 21.4 21.6
employment/ %
Employment, ~Services of total ¢, 26.7 26.9 27.5 27.7 28.6 29.3
employment/ %
Indicator 2004 2005 2006 2007 2008 2009 2010

Total Population (in thousands) 1296 075 1303720 1311020 1317885 1324655 1331380 1337825

Population, Ages 0-14 of total

. 22.547 25 21.855 74 21.254 18 20.731 61 20.273 58 19.854 32 19.455 12
population/ %
GDP, Current USD (in millions) 1 931 644 2 256 903 2 712 951 3 494 056 4 521 827 4 991 256 5 930 529

Labor Force Participation Rate,
Total of total population ages 75.559 9 75.292 14 75.081 88 74.916 1 74.546 69 74,367 37 74.195 23
15+/%

Unemployment Rate, Total of

total labor force/ % 4.2 4.2 4.1 4 4.02 * 4,44 % 4.1

Value Added, Agriculture

of GDP% 13.393 12 12.123 02 11.113 45 10.769 71 10.731 57 10.333 15 10.095 32

Value Added, Industry of GDP% 46.225 34 47.366 36 47.948 49 47.338 8 47.446 46 46.241 54 46.669 3

Value Added, Services of GDP% 40.381 54 40.510 62 40.938 06 41.891 49 41.821 97 43.4253 43.235 38

Employment, Agriculture of total

. 46.9 44. 8 42.6 40. 8 39.6 38, 1%  36.7x
employment/ %
Employment, Industry of total ), 5 23.9 25.2 26.8 27,2 20.8% 28,7+
employment/ %
Employment, ' Services of toral 4 ¢ 31.3 32,2 32.4 33.2 34,1 % 34, 6 %

employment/ %

Note 1: statistical data above comes from StatsAPEC: http://statistics. apec. org/
Note 2: datum with an asterisk comes from China Statistical Yearbook, 2012: http://www. stats. gov. cn/tjsj/ndsj/2012/
indexeh, htm



76 R LRR M % 35 %

Appendix C: Basic Indicators in the U, S,

Indicator 1997 1998 1999 2000 2001 2002 2003

Total Population (in thousands) 272 657 275 854 279 040 282 162.4 284 969 287 625.2 290 107.9

Population, Ages 0-14 of total

. 21,771 62 21.659 92 21.524 9 21.373 38 21.20588 21.024 71 20.840 56
population/ %
GDP, Current USD (in millions) 8 256 500 8 741 000 9 301 000 9 898 800 10 233 900 10 590 200 11 089 300

Labor Force Participation Rate,
Total of total population ages 66.184 3 66.240 78 66.300 91 66.324 13 65.984 69 65.673 32 65,333 1
15+/%

Unemployment Rate, Total of

total labor force/ % 4.9 4.5 4.2 4 4.7 5.8 6

Value Added, Agriculture of GDP/ % 1.685 759 1.300 09 1,219 934 1.190 979 1.181 403 1.009 241 1.197 298

Value Added, Industry of GDP/% 25.365 79 24,099 58 24,047  23.440 63 22.295 06 21.797 99 21.568 78

Value Added, Services

of GDP/ % 72.948 45 74.600 33 74.733 07 75.368 39 76.523 54 77.192 77 77.23392
Employment, Agriculture of total 97 9.7 2.6 2.6 9 4 25 17
employment/ %

Employment. ' Industry of total ), 23.8 23.2 23.1 22.6 21.9 20.8
employment/ %

Employment, ' Services of total 7, 73.5 74.2 74.3 75 75.6 77.5
employment/ %

Indicator 2004 2005 2006 2007 2008 2009 2010

Total Population (in thousands) 292 805.3 295516.6 298 379.9 301 231.2 304 094 306 771.5 309 349.7

Population, Ages 0-14 of total

. 0 20,666 64 20.512 66 20.380 76 20.269 8 20.181 83 20.117 76 20.077 08
population/ %
GDP, Current USD (in millions) 11 797 800 12 564 300 13 314 500 13 961 800 14 219 300 13 863 600 14 447 100

Labor Force Participation Rate,
Total of total population ages 65.098 84 65,145 34 65.279 12 65,105 19 65.073 12 64.398 96 63.665 15
15+/%

Unemployment Rate, Total of
total labor force/ %

Value Added, Agriculture

5.5 5.1 4.6 4.6 5.8 9.3 9.6

1.345 075 1.212 484 1.042 895 1.13017 1.220 378 1.103 414 1.180 634

of GDP/%
Value Added, Industry
of GDP/% 22,039 38 22.18555 22.240 89 21.986 73 21.132 57 19.614 27 19.995 69
Value Added, Services

76.61 76.601 97 76.716 21 76. 1 77,647 79.282 32 78.82
of GDP/% 6.615 55 76.60 6 6 6. 883 647 05 82 3 8.823 68
Employment, Agriculture of total 16 16 Ls L4 L5 Ls L6
employment/ %
Employment, Industry of toral g 20. 6 20.8 20. 6 19.9 17.6 17.2
employment/ %
Employment, Services of total 7.6 77.8 78 78.6 80. 9 81. 2

employment/ %

Note: Statistical data above comes from StatsAPEC: http://statistics. apec. org/

AXp#. ¥ %



