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Abstract This paper estimates fundamental equilibrium exchange rate of RMB
based on internal and external balance of China’s economy. The findings indicate
that RMB real exchange rate is overvalued in the period of 1982—-1991, but the
extent of the undervaluation has an enlarging trend since 2004. Then, we put
forward a new theory called “Prior Equilibrium Exchange Rate” and apply it to
RMB, finding that real effective exchange rate of RMB need to be appreciated
about 20% between 2008 and 2010, and the appreciation range of bilateral
nominal exchange rate between RMB and the world’s key currencies depends on
the objective functions of the government. Policy implication indicates that
decision makers need to refer to equilibrium exchange rate which is derived from
different theories and to make great efforts to adjust it towards equilibrium level
and establish RMB “Prior Equilibrium Exchange Rate.” Meanwhile, policy-
makers should implement a potential objective interval system of exchange rate
appreciation. The appreciation range of bilateral exchange rate of RMB against
USD from 2008 to 2010 may be set between 6% to 10%.

Keywords real exchange rate, current account, prior equilibrium exchange rate
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1 Introduction

Currently, the internal economic disequilibrium of China is reflected as “high
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investment, high savings and low consumption” while the external
disequilibrium is reflected as the continuous surplus of current-account and
capital account and massive accumulation of foreign exchange. A number of
scholars have analyzed the reasons and policy measures on the internal and
external disequilibrium (Lin, 2007; Guo, 2007). Those researches have all
connected the internal and external economic disequilibrium with RMB
exchange rate without exception. Balance of international payments, especially
balance of current account, should be taken as one of the macro-policy targets
before the realization of full liberalization of RMB exchange rate if viewed only
from the perspective of external disequilibrium. Under current situation,
appreciation of RMB should not be ceased in order to avoid reduction of trade
surplus. Conversely, appreciation should continue and trade surplus should be
further reduced in order to set stage for the full marketization of exchange rate
(Yao, 2008). Blandard and Giavazzi (2006) have also come up with a theory of
realizing the reallocation of resources, reducing external demand and promoting
internal and external economic disequilibrium through the appreciation of RMB
exchange rate.

The corresponding exchange rate level should be found out to realize internal
and external equilibrium of macro economy. On the study of equilibrium
exchange rate, scholars at home and abroad have intended to adopt Behavior
Equilibrium Exchange Rate (BEER) theory (Zhang, 1999; Liu & Ren, 2002; Shi
& Yu, 2005; Ma, 2007; Macdonald & Dias, 2007) and Natural Equilibrium
Exchange Rate (NATREX) theory (Sun, 2006) while less attention has been paid
to Fundamental Equilibrium Exchange Rate (FEER) theory. FEER theory by
Williamson (1994) was established on the basis of both internal and external
economic equilibrium of macro economy. Jeong and Mazier (2003) regards
FEER theory as superior to BEER and NATREX for the reasons as follows: The
structural equations estimated by the latter two theories focus on external
equilibrium. However, accuracy is often lost when structural equation transforms
to reduced equation; the latter two theories fail to carefully take account of
internal economic equilibrium and the compatibility of equilibrium exchange
rates between different trading partners. Cline and Williamson (2008) hold the
view that what BEER relates to is not multi-nations but a single nation. Net
foreign asset variables in the regression equation will become extremely large
especially when one country adopts policy intervention to prevent exchange rate
appreciation and accumulate a considerable quantity of foreign exchange.
Therefore, the estimated results of equilibrium exchange rate vary greatly. On
this basis, Wren-Lewis (2004), Wang (2004), Coudert & Couharde (2005) and
Goldstein & Lardy (2006, 2007) have estimated RMB exchange rate by FEER
theory. However, these researches have only estimated the equilibrium level of
RMB exchange rate at a given point and different research results have varied
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greatly.

Another issue is that the equilibrium exchange rate level calculated by the
above-mentioned researches based on historical data has indicated that exchange
rate equilibrium is only an occasional state while imbalance is an ordinary state
(Jin & Wang, 2008), which is to say the equilibrium exchange rate obtained is
“Afterward Equilibrium Exchange Rate ”(including BEER and FEER). Therefore,
the key to the issue is not to adjust according to historical equilibrium but to
forecast the long-term equilibrium exchange rate at sight and adjust towards
future equilibrium level from now on, i.e., “Prior Equilibrium Exchange Rate” so
as to realize that the exchange rate changing track is “fixed” at the equilibrium
level.

The internal and external equilibrium exchange rate of this paper is based on
FEER theory but has differed from the existing literatures in the following
aspects: (1) Trade equation has been estimated and determined through the
approach of co-integration analysis (neither parameter calibration nor OLS
regression approach) which has reduced estimation errors. Therefore, the
equilibrium exchange rate obtained is a time series. Different approaches have
been adopted to estimate the stability of the results, which avoids “point
estimation” at a given time point as discussed above. It is capable of reflecting
the dynamic changing track of RMB equilibrium exchange rate in a more
comprehensive way; (2) Come up with “Prior Equilibrium Exchange Rate” based
on internal and external equilibrium and then measure; (3) The existing BEER
theory and other theories are incapable of measuring the degree of bilateral
exchange rate disequilibrium in order to determine the appreciation. On the basis
of “Prior Equilibrium Exchange Rate” theory, the paper has measured the
appreciation of bilateral exchange rate between RMB and world’s main
currencies. The structure of this paper is arranged as below: the next part is the
introduction of FEER theory and empirical experience; the third part will mainly
estimate the internal and external equilibrium exchange rates of RMB in detail;
the fourth part will come up with the theory of “Prior Equilibrium Exchange
Rate” and carry out measurement towards RMB and also take account of
reasonable appreciation of RMB bilateral exchange rate according to “Prior
Equilibrium Exchange Rate” theory; the last part is about the conclusive
comments.

2 FEER Theory and Empirical Methods
2.1 FEER Theory

Fundamental Equilibrium Exchange Rate (FEER) theory is based on the
condition that both internal and external economic equilibrium of macro



The Internal and External Equilibrium Exchange Rate of RMB 213

economy (Williamson, 1994). Internal equilibrium is to realize the output level of
full employment, i.e., maintenance of natural unemployment rate and low
inflation. External equilibrium is to keep sustainable and reasonable capital flow
(Clark & Macdonald, 1998) between nations on condition that internal
equilibrium is realized. According to the International Balance Sheet, the external
equilibrium will come true when the current account and capital account keep an
equal relation as the following equation:
ca=—ka 1)
Given that macro economy is in equilibrium state, i.e., the output level has
reached full employment level at home and abroad, the medium and long-term
factors will be determined including native overall output (y), foreign overall
output (y*) and real effective exchange rate (e). Linear equation is:

Ca=ay+ae+a,y+ayy 2)

In the above formula, o, <0, a, <0, a; >0. The bar represents equilibrium

level value. The fundamental equilibrium exchange rate can be obtained after
solution of above-mentioned equation.

FEER=(ca o, —a,y -3y )/ A3)
On the basis of the above equation, when the real exchange rate e > FEER , the
current exchange rate is undervalued and should be appreciated (Direct

Quotation). Ife < FEER , the current exchange rate is overvalued and should be
undervalued. In order to work out FEER, the literature further set Eq. 4:

ca; =x[(e7y*)_mi(eay)_’?'di (4)

Borowski & Couharde (2003), Coudert & Couharde (2005) and Isard &
Farugee (1998) have further developed FEER theory. Combining the large-scale
world connection model— National Institute Global Econometric Model (NIGEM)

developed by Britain’s National Institute of Economic & Social Research, we
will first assume the trade equation as follows:

X' =dv/x=n,y —¢e 5)

X

m'=dm/m=n,y +¢,e (6)

In the formulas above, x'represents that export trade volume deviates from its
equilibrium value; 7, represents export trade elasticity; &, represents export
exchange rate elasticity. y/ =(y, —»)/y, i.e., immediate output deviates from
potential output level. ¢'=(e—e)/e, i.e., real exchange rate deviates from
equilibrium value level. m' denotes that import trade volume deviates from
equilibrium value; 77, represents import volume elasticity; y" represents that
foreign immediate output deviates from potential output level; ¢, represents import
exchange rate elasticity. The ratio of export and import is 7; = p,x;/ p,m;e; . The
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import proportion in GDP is u, =pme/p,y,, ca =ca;/ p; V= ca; I p,y .
Since ca; = p;x; — p;m;e; —r.d;, the following formula will be obtained through
differentiation on both sides of the equation:

FEER =1/(p(zz, + ¢, —D)):[(ca—-ca)+ u(n,y" -] ()

2.2 Empirical Methods

In the literatures, the estimation of internal equilibrium is uniformly measured by
the difference between GDP after HP filter and the actual GDP while the methods
differ greatly as to estimate external equilibrium. Willianmson (1983) has come
up with the idea using general equilibrium method to estimate FEER. First,
construct an import & export equation including trade elasticity and then obtain
relevant parameters by calibration method. The concrete process is to carry out
the parameter calibration between Eq. 5 and Eq. 7. Partial equilibrium estimation
method has been widely adopted. Adopted in most researches, this method takes
account of capital stock and only estimates macroeconomic variables such as the
relation between trade and real exchange rate. The key to the application of this
method is to estimate equilibrium current account and equilibrium import &
export equation. In the literatures, the estimation of equilibrium import & export
equation often adopts static regression method—Ordinary Least Squares (OLS)
method (Barisone et al., 2006). Also, there are researches that adopt parameter
calibration (Jeong & Mazier, 2003; Coudert & Couharde, 2005). However, the
unanimous estimation method of equilibrium current account has not been
reached yet.

The first method starts from the equation ca = s —i . Assume the money supply
of equilibrium saving (s) and investment (i) is exogenous from real exchange rate,
and then we can get equilibrium current account. Willianmson and Maha (1998)
first estimated the savings (1995-1999) and investment equations (1990-1995)
of each nation, and then worked out the predicted value of 2001 so as to further
obtain the “Target Current Account”.

Many literatures (Jeong & Mazier, 2003; Coudert & Couharde, 2005) use the
empirical analysis framework by Chinn & Prasad (2000) to differentiate between
developed countries and developing countries in order to estimate medium term
equilibrium current account. Then, take panel regression equation as the
equilibrium equation, put a single nation’s relevant data into this equation and get
the equilibrium current account of this nation. The empirical model is set as:

ca; = Byt+pgov, tpdep, t Py, + By fdiy, + Psnfa, + Peop,, + Brgap,  (8)

In the above formula, gov represents government financial balance; dep
represents age structure factor; y represents relative per capita income; fdi
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represents foreign direct investment; nfa represents net foreign asset;
op represents the opening degree of economy; gap represents gap of the
output.

3 RMB FEER Estimation

3.1 Date Source and Processing

In accordance with large quantities of literatures on the setting of trade equation,
trade balance will be represented by the difference between export trade volume
and import trade volume between trade partners after log (¢b); import demand is
domestic actual GDP (y after taking log); export demand is the actual GDP of trade
partners (v after taking log). The computation method of real effective exchange
rate is same as the method by Jin & Wang (2008). The increase of the value
represents depreciation while the reduction of the value means appreciation. Also,
take nature log and record as reer. The foreign countries or areas include USA,
Canada, Australia, Japan, Germany, France, Italy, Holland, Britain, Hong Kong of
China, Indonesia, South Korea, Malaysia, Singapore, and Thailand. The trade
weight is represented by the proportion between the mainland of China and these
15 countries or areas regarding to import and export trade volumes. The price level
at home and abroad is represented by Consumer Price Index (CPI) and the chain
index is transformed to fixed base index of 2000. The data of China’s CPI (2000 =
100) from 1982 to 1986 came from Lu (2006). All other data have been taken from
International Financial Statistics (IFS) of International Monetary Fund (IMF).

The nominal exchange rates shall be in compliance with the official exchange
rates published by each country. After 1999, European countries’ currencies have
been exchanged as follows: 1 Euro =1.9558 Deutsche Mark (DM) =1936.3
Italian Lira (ITL) = 2.2037 NetherLandish Guilder (NLG). It was published by
European Central Bank. The bilateral exchange rate between China and USA is
in accordance with the processing method in the literatures. From 1981-1984,
the internal settlement rate and official nominal exchange rate co-existed with the
weight of 0.5 respectively. From 1988-1993, swap market exchange rate and
official nominal exchange rate co-existed with the weight of 0.6 and 0.4
respectively. The exchange rate of RMB to USD would be calculated after
weighting.

3.2 Equilibrium Trade Equation
Considering that the parameter estimation and calibration method is easy to

cause errors and differs from existing literatures, this paper will obtain
equilibrium trade equation according to actual historical data. ADF and PP
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methods in unit root test are adopted firstly to evaluate the stationarity of the data
sequence of each variable and to test the level and first-order difference form of
time sequence data of each variable. The resting result shows that all variables
are first order sequence single integers (the concrete process is omitted). Then,
adopt the method raised by Johansen to test the co-integration relationship (or
long-term equilibrium relationship) among the variables. Since co-integration
relationship heavily relies on selection of lag phase, the literatures generally use
the unconstrained VAR model to determine while the stability of VAR model is
the key conditions to judge whether the model is good or not. Meanwhile, the
model stability will become worse with the increase of lag phase. Therefore, the
longest lag phase is the former phase when the VAR model does not conform to
stability conditions. Then, eliminate indistinctive models according to residual
test. The model that has passed residual autocorrelation, normality and
heteroscedasticity tests is the final model (Jin & Wang, 2008). The optimal lag
phase is 2 according to the above-mentioned thought (see Table 1 on the result of
residual test of VAR model).

Table1 VAR (2) Residual Test

Autocorrelation test
Lag phase 1 2 3 4 5 6 7 8 9 10 11 12
LM statistic  21.5 150 14.6 11.2 11.1 11.6 148 122 9.89 10.1 7.82 3.78
P-value 0.16 0.53 055 0.79 081 0.77 0.54 0.73 0.87 086 095 1.00
Heteroscedasticity Test  °(160)=184.35 (P-value=0.09)
J-B Normality Test y* (55)=37.07 (P-value=0.97)

Note: No cross terms are included in Heteroscedasticity Test; J-B normality test adopts the square

root method of residual covariance matrix (the same below).

From several forms of co-integration equation as whether intercept and linear
trend are included, we can conclude that if the selected testing form is
co-integration variable and is of linear trend and the intercept is restrained within
the co-integration space, there is one and only linear co-integration relationship.
Table 2 shows the concrete result of co-integration test from which we know
trace statistic and maximum eigenvalue statistics indicate a co-integration
relationship exists under the significant level of 1%. The co-integration equation
is shown as follows:

th = -6.702923+0.19766y + 0.159879y" + 0.999495rer )

0.18)  (0.27) (0.21)

In the above equation, the numbers in the brackets are standard errors. The
equation shows the increase of import demand (i.e. domestic income) will lead to
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trade surplus,’ which is related to China’s trade structure featuring processing
trade within the sampling period. The increase of export demand (foreign income)
and depreciation of exchange rate (the value becomes bigger) will increase trade
surplus.

Table 2 Co-integration Test Result

1% Maximum 1% . .
. Trace .. . . . Co-integration
Eigenvalue . critical Eigenvalue Eigenvalue critical
statistic .. rank
value statistics value
0.87 76.20 54.68 0.87 44.72 32.72 =0
0.60 31.48 35.46 0.60 20.09 25.86 r<=1
0.35 11.39 19.94 0.35 9.38 18.52 r<=2
0.09 2.01 6.63 0.09 2.01 6.63 r<=3

3.3 Equilibrium Current Account

According to the existing literatures, there are three methods to measure current
account (or target current account) at present, namely co-integration method,
panel regression method and savings-investment equation method. We will first
adopt co-integration method to measure and then use the other two methods to
test the stability of the estimation results. To be more precise, the co-integration
method only takes account of the medium and long-term factors influencing
current account in the empirical model by Chinn and Prasad (2000) and adopts
co-integration analysis approach to obtain long-term equilibrium equation. The
variables selected are financial balance (gov), age structure represented by the
ratio between of population with the age over 65 and that with the age between 0
and 65 (dep), relative per capita income ratio between China and USA (y),
proportion of net foreign capital in GDP (nfa). Among these variables, the per
capita GDP of USA comes from IFS; gov and dep come from China Statistical
Yearbook; nfa is obtained from the computation result of Wang et al. (2006). The
analysis method is the same as the foregoing, i.e. first carry out the stationarity
test on these variables; then use VAR model to determine the optimal lag phase;
the next is to use Johansen’s method to proceed co-integration test. The
co-integration equation obtained is as follows:

ca; =5.1610.94gov,, +0.16dep; —2.98y,, +0.52nfa, (10)
(0.30) (0.19) (0.76)  (0.07)

' Chen & Qian (2007) adopt margin co-integration method and the bilateral trade model
between Chine and G-7 countries. The import demand coefficient can be positive and negative
based on bilateral trade. Lu & Dai (2005) adopt ARDL model. The import coefficient is also
positive in the import equation.
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From the above equation, government spending, net foreign assets, and age
structure difference all vary in the same direction as current account and in the
opposite direction as relative income. After the filtering of independent variable
HP, the data are substituted into Eq. (10) and equilibrium current account can be
obtained (see Fig. 1).

10

—+—Real CA —=— Equilibrium CA

1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006

Fig. 1 Co-integration Method

The second method is called savings-investment identical equation method
which uses national income to calculate identical equation and the current
account is “savings-investment.” Therefore, the imbalance of current account
substantially reflects the imbalance between domestic savings and investment.
When savings is equal to investment, current account is zero, i.e. the realization
of internal and external economic equilibrium from the perspective of economics.
When savings is unequal to investment, the imbalance of internal and external
economy comes into being. According to the method adopted by Willianmson
and Mahar (1998), we can view the difference between domestic savings and
investment as target current account (or equilibrium current account). The
savings data from 1982 to 1991 are from Wang et al. (2006); data from 1992 to
2004 are from the funds flow statement (barter transaction) of China Statistical
Yearbook in which national savings refer to the overall savings (i.e. total
domestic savings) from non-financial corporate sectors, financial corporate
sectors, government departments and residential sectors; savings data from 2005
to 2006 were 40.1% of arithmetic mean values of the savings rate according to
Zhang & Zhang (2007). Investment is represented as gross capital formation

2 When applying HP filter, =25 should be set according to the OECD suggestions since the
sample is annual data (Guo & Jia, 2004).
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deducting stock. The data are from each issue of China Statistical Yearbook.
Refer to Fig. 2 for the concrete result.
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Fig.2 Savings-investment Equation Method

The third method is the panel regression method by Jeong & Mazier (2003)
and Coudert & Couharde (2005). The first step is to estimate developing
countries (including China) and developed countries according to Eq. (5) and
take panel regression equation as the equilibrium current account equation of a
single country. The panel regression equation of developing countries brought
forward by Jeong and Mazier (2003) is as below:

ca; =4.33+0.12gov,, — 0.02depyong;, —0.28depold.,+0.06y,,
-0.28 fdi,, +0.05nfa,, — 0.015,0p;, —0.40gap,, 1D

In the above formula, depyong and depold represent the young people
proportion and the old people proportion respectively. Put China’s data from
1982 to 2006 into the right side of Eq. (11) through the application of this
processing method. Then, we can obtain China’s equilibrium current account
represented by the proportion of current account in GDP. The data involved
include gov, dep, nfa, foreign direct investment/GDP (fdi), opening degree (op),
output gap and (gap). Among these data, op is represented by the proportion of
import & export volumes in GDP; gap is represented by (Real GDP — Potential
GDP) / Real GDP); potential GDP is obtained through HP filter method (4 =25).
All data are from each issue of China Statistical Yearbook. Refer to Fig. 3 for the
concrete result.

When comparing these three figures, we can see the difference of equilibrium
current account calculated through three methods. However, the difference extent
is not that large and real CA (current account) and equilibrium CA can be
roughly reflected. From Fig. 3, the current account of the years 1985-1986,
1988-1989 and 1993 was shown as deficit while the rest years all saw surplus of
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current account. Equilibrium current account in 1998, 1994-1998 and
2005-2006 was deficit and surplus in the rest years. Thus it can be seen that the
relationship between equilibrium current account and real current account does
not correspond one-to-one, for when the equilibrium current account was deficit,
the real current account was surplus. During 1982-1993 and 2000-2003,
equilibrium CA was higher than real CA, i.e., for the increase of real CA,
encouraging export and restricting import. During this period, the overvalued
RMB exchange rate suppressed the export from 1982 to 1993; the years from
2000 to 2003 witnessed the impact of the Southeast Asian Financial Crisis which
had caused the sharp depreciation of surrounding countries’ exchange rate while
RMB exchange rate remained stable, relatively weakening the competitiveness of
China’s exporting products. During 1994-1995 and 2004-2006, equilibrium CA
was lower than real CA, i.e., for the reduction of real CA, restricting export and
encouraging import. During this period, the foreign exchange system reform and
the sharp depreciation of RMB nominal exchange rate stimulated the export of
commodities. In the years from 2004 to 2006, each country kept a rapid
economic growth and the rise of external demand caused the increase the
domestic export. It is notable that these three methods come out with a consistent
result: In recent years (2005 and 2006), the difference between equilibrium CA
and real CA is becoming bigger, which causes relatively great appreciation
pressure of RMB nominal exchange rate.

6r —=— Equilibrium CA 110
—+—Real CA

1982 1985 1988 1991 1994 1997 2000 2003 200-6

Fig. 3 Panel Regression Method
3.4 RMB FEER

According to FEER theory and Eq. 3 and Eq. 4, RMB FEER can be calculated
through the application of estimated China’s equilibrium trade equation and
equilibrium current account. From Fig. 4 and Fig. 5, comparing RMB FEER
equilibrium exchange rate to real effective exchange rate, we find the imbalance
level can be divided into two stages: 1982—-1991 was the period of overvaluation
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(except that 1988 saw slight undervaluation) in which the years from 1982 to
1985 witnessed relatively high degree of overvaluation which was in line with
Zhang (1999); 1992-2006 was the period of undervaluation in which the years
from 1993 to 1995 witnessed relatively high degree of undervaluation. The
undervaluation degree of RMB exchange rate has been expanded in an increasing
tendency since 2002.

This paper is based on the preconditions that the imbalance degree of
exchange rate obtained from internal and external economic equilibrium is equal
to the imbalance degree of NATREX measurement (Sun, 2006) as well as the
result of “point estimation” of FEER theory. Comparing to the existing BEER
measurement result, the imbalance degree is evidently too large. However, there
is no contradiction between the two, for BEER theory starts from native external
economic equilibrium and then establishes a factor model influencing real
effective exchange rate, but ignores internal economic imbalance while FEER
theory not only takes account of internal economic conditions but also place
emphasis on the equilibrium of external economy. Therefore the imbalance
degree of FEER is higher than that of BEER.

3.5 Stability Test of the Estimated Result

The variation of measurement methods of equilibrium current account can cause
different RMB FEER equilibrium exchange rate. To avoid this, the panel
regression method and savings-investment equation method in the existing
literatures have been adopted to estimate equilibrium CA so as to test the stability
of RMB FEER result. From the result obtained (see Fig. 6, Fig. 7, Fig. 8 and
Fig. 9) and comparing to Fig. 4 and Fig. 5, we know there is slight difference
between RMB FEER and its imbalance degree. Therefore, we can conclude that
the obtained result is stable.

55
53¢
5.1}
491
4.7}
451
43t
4.1}
39t
37t

—+— REER —=— FEER

Fig. 4 RMB FEER and REER (co-integration method)
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Fig. 6 RMB FEER and REER (panel regression method)
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Fig. 8 FEER and REER (savings-investment equation)
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Fig. 9 REER Imbalance Degree (savings-investment equation)

4 RMB “Prior Equilibrium Exchange Rate” (2008-2010)

4.1 “Prior Equilibrium Exchange Rate” Theory and Its Measurement

The basic concept of “Prior Equilibrium Exchange Rate” is to take future
equilibrium current account and domestic and foreign output level as equilibrium
value under the conditions of internal and external economic equilibrium and
then work out the corresponding equilibrium exchange rate or find the exchange
rate which corresponds to the future real current account and the domestic and
foreign output level. Different from “Afterward Equilibrium Exchange Rate”
theory, this theory determines the exchange rate corresponding to future
economy (called as equilibrium exchange rate) in advance rather than to find
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equilibrium exchange rate afterwards to adjust real economy given future
economic changing track.?

PEER=(cd—y,— 1,5 13% )/ % (12)

In the above equation, PEER represents “Prior Equilibrium Exchange Rate”
which is evolved from FEER; cd represents future (or prior) current account;
7 and 7 represent domestic and foreign future income levels respectively.

“Prior Equilibrium Exchange Rate” theory is of significant policy connotation.
The adjustment of exchange rate based on afterward equilibrium exchange rate
cannot guarantee that the future exchange rate is fixed at an equilibrium level and
also is incapable of assuring the realization of internal and external balance of
macro economy. On the basis of future internal and external economic conditions,
“Prior Equilibrium Exchange Rate” theory determines the changing track of
equilibrium exchange rate in advance and the policy level can adjust immediate
exchange rate to equilibrium value accordingly. Therefore, this theory cannot
only guarantee the exchange rate level that corresponds to future macro economy
but also effectively reduce the cost of continuous adjustment of “Afterward
Equilibrium Exchange Rate” and continuous “Trial and Error”. In order to
calculate “Prior Equilibrium Exchange Rate”, it is necessary to forecast the
proportion of future current account in GDP and the actual domestic and foreign
GDP.* The report from Asian Development Bank’s Asian Development Outlook
2007 Update forecasts the proportion of China’s current account in GDP in 2008
would be 10.5% which will be taken as our forecast value while the auto-
regressive model is adopted to forecast of domestic and foreign actual GDP.
From the concrete result, we can see there is relatively high fitting degree;
relevant residual test has been passed; forecast values fall in the approximate
confidence interval with the probability of 95.4%.

“RMB Prior Equilibrium Exchange Rate” from 2008 to 2010 can be achieved
(Fig. 10) through Eq. (3) and Eq. (4). The equilibrium real effective exchange rate
index is 74.57 in 2008 while in 2006 the index is 107.18. In order to obtain the

3 This theory has another merit: Since the future internal and external economic equilibrium

is pre-set, the influence which exchange rate has on economy is not necessarily be considered
beforehand. What is to be done is to adjust according to prior equilibrium exchange rate so as
to make sure the future economy realizes at the equilibrium level. But the disadvantage is that
the adjustment effect of economic structure and industrial structure due to the appreciation of
exchange rate.
* The processing method is to forecast the immediate value of future internal and external
economy beforehand, and then find the corresponding exchange rate level. The concrete
process: first, forecast the development level value of future internal and external economy;
then, put this value into the estimated equilibrium equation to work out the corresponding
equilibrium exchange rate.
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equilibrium exchange rate before 2008, the real effective exchange rate index
between 2007 and 2008 should be appreciated by 30.4%. The equilibrium real
effective exchange rate index is 71.64 in 2009. On the condition of the realization
of equilibrium in 2008, the real effective exchange rate index of 2009 should be
appreciated by 3.93% compared to 2008. The equilibrium real effective exchange
rate index will be 71.64 in 2010. On the condition of the realization of
equilibrium in 2009, the real effective exchange rate index of 2010 should be
appreciated by 4.11% compared to 2009.
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Fig. 10 RMB “Prior Equilibrium Exchange Rate”

However, it is not possible to fix the equilibrium exchange rate at 74.57 in
practical operation. As a matter of fact, equilibrium exchange rate should be in a
dynamic interval instead of a “Precision Point”. Since moderate undervaluation
of exchange rate can maintain export and sustainable economic growth,
excessive undervaluation will cause problems such as rise of inflation, fall of
welfare level and increase of foreign loan risks. Meanwhile, if the adjustment of
RMB is too large, RMB will lose more advantages (Chen & Wang, 2005) in East
Asia since systematical undervaluation of exchange rate of each country in
Eastern Asian region often exists. Considering that China is a developing country,
a moderate exchange rate undervaluation of about 10% is beneficial to the
development of economy and the maintenance of external competitiveness.’
Therefore, the appreciation range of RMB real effective exchange rate in 2008 is
unnecessarily fixed at 30%. The reasonable appreciation degree should be
determined at about 20%, i.e., the real effective exchange rate of 2008 reaches
86.14.

5 S0 far, no unanimous conclusion has been reached on moderate undervaluation level within
the theoretical circle. Some expert hold the view in the The International Economy (2003,
25-39) that world consumption gain profits from China’s relatively low export prices and thus
moderate undervaluation of RMB exchange rate by 10% to 15% is of great significance for the
global economic system.
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4.2  Appreciation Range of RMB Bilateral Nominal Exchange Rate Based on
“Prior Equilibrium Exchange Rate Theory”

Since the real effective exchange rate is obtained from the weighted nominal
exchange rate of 15 countries, appreciation of real effective exchange rate by
20% is not equal to that the bilateral exchange rate of RMB to USD should
appreciate by 20%. Different appreciation ranges of bilateral nominal exchange
rate between RMB and other different currencies can be set to appreciate the
effective exchange rate by 20%. Since “Prior Equilibrium Exchange Rate” is
the exchange rate based on both internal and external economic equilibrium,
the appreciation of RMB against different countries’ nominal exchange rates
can be determined according to the imbalance degree of trade in different
countries.

Table 3 shows the proportion of the trade imbalance between China and
major countries or areas in the total trade imbalance. From the table, we can see
the highest bilateral trade imbalance occurs between the mainland of China and
USA, and the mainland of China and Hong Kong, and the mainland of China
and South Korea. Table 3 has also reported the proportion of bilateral trade
(import + export) between the mainland of China and other countries in the
mainland of China’s total export volume towards the whole world. The rank
based on the scale of proportion is as below: the mainland of China and EU, the
mainland of China and USA, the mainland of China and Japan, the mainland of
China and Hong Kong of China, and the mainland of China and South Korea.
According to classic trade balance theory, the exchange rate of RMB against
USD, GBP and Euro should appreciate while that of RMB against Yen and Won
should depreciate if viewed simply from the perspective of maintenance of
trade balance. The exchange rate of RMB against USD and HKD should
substantially appreciate if the imbalance degree of exchange rate is only
explored from the perspective of trade imbalance degree. However, that the
bilateral trade imbalance degree is high demonstrates that the mainland of
China is more dependent to these countries in terms of economy. In addition,
the substantial appreciation of exchange rate will inevitably cause negative
consequence to economy in a short term. Conversely, the appreciation of the
nominal exchange rates of countries that have low trade imbalance degree with
the mainland of China will not only realize the target of appreciation of real
effective exchange rate by 20%, but also reduce the negative effect which
nominal exchange rate appreciation has on economy.

Therefore, two different appreciation options should be considered. The first is
that countries with high degree of trade imbalance will have high range of
bilateral nominal appreciation; the second is that countries with low trade
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imbalance degree will have high appreciation extent. Relevant assumption should
be made in the first place. Starting from the given facts, assume that China’s
future price increasing speed is faster than foreign weighted price level and also
assume trade weight will change with the change of exchange rate, and the
exchange rate factors of trade deficit between the mainland of China and Japan,
the mainland of China and South Korea is not taken into account. According to
Eq. (9), if exchange rate appreciates by 1%, trade balance will reduce by 1%. The
goal of the government is to control the inflation rate within 4.8%. Therefore,
assuming the inflation rate in the following two years is 5%. The concrete option
design refers to Table 4. Take the foreign exchange quotation on May 30, 2008 as
the basis and the real effective exchange rate appreciation by 20% as the target.
For Option 1, the exchange rates of RMB against USD and HKD should
appreciate by 10% the exchange rates of RMB against GBP and Euro should
appreciate by 3% and 8% respectively. For Option 2, the exchange rates of RMB
against GBP and Euro should appreciate by 15% and 10% respectively while the
exchange rates of RMB against USD and HKD should appreciate by 6%.

Table 3 Degree of Bilateral Trade Imbalance in Total Trade Imbalance Degree Unit: %
The The The The The The The
. . mainland mainland . mainland mainland
mainland mainland . . mainland . . Other
- . of China of China . of China  of China .
of China of China of China Countries
&USA & Japan & g Britain & HKof & South
P Germany Holland China Korea
2002 31.3 3.7% 3.7* 55 3.5 349 9.6* 7.9
2003 28.2 7.1% 3.3% 5.6 3.5 31.3 11.1* 10.0
2004 28.3 7.3% 2.3% 5.5 3.6 314 12.1* 9.4
2005 322 4.6* 0.5 6.5 3.8 31.6 11.7* 9.2
2006 31.9 5.3% 0.5 6.0 3.9 31.9 10.0* 10.5
2006+ 14.9 11.8 9.4 7.6

Note: Trade imbalance refers to the commodities and service that the mainland of China’s exports to
these countries deducts the mainland of China’s imports from these countries. The total trade
imbalance degree refers to the sum of the mainland of China and sampling countries’ exports
deducting imports (if it is deficit, turns the values into positive and then add). The numbers with “*”
represent that in this years it is bilateral trade deficit between the mainland of China and these
countries. Those without “*” represent surplus. The trade imbalance degree between the mainland of
China and other 7 countries has not been listed, for the degree is relatively small. Besides, the
entropot trade vie Hong Kong is not taken into account. The trade between the mainland of China
and France and Italy is shown as trade surplus, but the imbalance degree is low and thus it is not
reported. 2006+ is the proportion of the bilateral trade between the mainland of China and other
countries (import + export) in the mainland of China’s total export volume towards the whole world
in 2006. The data are from China’s Customs statistics. 15.5% is the proportion of bilateral trade
overall value between the mainland of China and EU in the mainland of China’s foreign trade
overall value.
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Table 4 Appreciation Range of Bilateral Exchange Rate

RMB/USD I}IIr\I/II? RMB /GBP RMB /EUR
Foreign exchange quotation on May
30, 2008 6.9472 0.8903 13.7252 10.7772
Option 1: appreciation range of 10 10 3 3
bilateral exchange rate(%)
2008 s_bllateral exchange rate should 6.2535 0.8013 133134 99150
appreciate to
2008’s real effective exchange rate 86.48
Option 2: appreciation range of 6 6 15 10
bilateral exchange rate(%)
2008’s bllateral exchange rate should 6.5304 0.8369 11.666 94839
appreciate to
2008’s real effective exchange rate 87.88

Note: Since the bilateral trade between the mainland of China and Japan, the mainland of China and
South Korea are trade deficit, the appreciation of RMB/Yen and RMB/Won is not taken into account.
The foreign exchange quotation on May 30, 2008 is from the website of State Administration of
Foreign Exchange. The appreciation degree of Euro is the simple combination of the mainland of
China and Germany, the mainland of China and Holland, the mainland of China and France, the
mainland of China and Italy. We will take the deviation within 10% as the normal imbalance degree.
The set of appreciation range here is to determine beforehand the target of real effective exchange
rate of 86.14. Besides, the highest appreciation range of nominal bilateral exchange rate is set from
10% to 18%, while the lowest appreciation range is set from 3% to 8%. Then, the result shown in
the table can be obtained through program debugging.

From the two above-mentioned concrete options, we can see the bilateral
exchange rate between RMB and USD does not need to appreciate by 20% in
Option 1 or Option 2 in order to reach the appreciation of equilibrium real
effective exchange rate by 20%. The selection of the optimal option essentially
depends on government’s objective functions.® If the government intends to ease
short-term external political and economic pressure and pursue trade balance and
trade structure adjustment, the exchange rate of RMB against USD and HKD can
appreciate by 10% while slight appreciation against Euro and GBP should be
also launched. If the government pursues long-term economic growth and avoids
the sharp reduction of import and export trade, the exchange rates of RMB
against Euro and GBP should substantially appreciate by 10% and 15%
respectively.

® The short-term and long-term economic performance under these two options may be taken
into account so as to obtain the optimal option. However, this method is incapable of including
other factors such as external political pressure that can affect the economic performance due
to exchange rate appreciation.
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5 Conclusion

Based on FEER theory, this paper estimates and obtains the RMB FEER from
1982 to 2006. The result shows: RMB exchange rate was seriously overvalued in
early 1980s while the undervaluation degree of RMB exchange rate has
continuously deepened since 2004, which is closely connected to China’s internal
and external economic imbalance. Then, this paper comes up with “Prior
Equilibrium Exchange Rate Theory” and measures the prior equilibrium
exchange rate of RMB. The paper finds out that the real effective exchange rate
of RMB should appreciate by approximately 20% and the appreciation degree of
bilateral exchange rate of RMB against world’s key currencies relies on the
objective functions at the policy level. The exchange rate of RMB against USD
and HKD should appreciate by 6%—10%, or the exchange rate of RMB against
Euro and GBP should appreciate by 3%—15%.

Several policy connotations have been obtained based on the above-mentioned
conclusions as follows: there are a number of factors causing the internal and
external economic imbalance while exchange rate is only one of them; this paper
does not lay emphasis on the realization of both internal and external economic
balance through substantial appreciation of exchange rate. In fact, internal and
external economic balance cannot be truly realized despite the attempt to adjust
exchange rate in order to realize economic balance through the application of
“Afterward Equilibrium Exchange Rate.” On the contrary, “Prior Equilibrium
Exchange Rate” identifies the exchange rate corresponding to future economy
beforehand so as to make sure no substantial exchange rate imbalance will occur
if the internal and external economic balance is reached given that the changing
path of future economy is determined. The appreciation path of RMB should
conform to the appreciation path of real effective exchange rate instead of the
only appreciation of bilateral exchange rate of RMB against USD. The
appreciation pressure of RMB is not only from exchange rate against USD, but
also from the bilateral exchange rate of RMB against HKD, GBP and Euro. The
imbalance degrees of RMB exchange rate obtained differ according to different
equilibrium exchange rate theories and their corresponding empirical methods.
But the unanimous conclusion is that RMB exchange rate has been undervalued
in the recent period and needs appreciation. Referring to equilibrium values
obtained from different theories, it is important for decision-makers to establish a
proper RMB “Prior Equilibrium Exchange Rate” level so as to strive to adjust
towards this equilibrium level and to promote “Implicit target Interval System of
RMB Exchange Rate Appreciation” according to real economic dynamic changes.
This system can at least make sure that internal and external economy fluctuates
centering on equilibrium values, which is capable of avoiding the sharp
fluctuations in economic growth. The concrete process is as below: The People’s
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Bank of China sets the appreciation interval of RMB real effective exchange rate
as approximately 20% beforehand. Appreciation interval of 6%—10% may be set
regarding to exchange rate of RMB against USD and HKD while appreciation
interval of 3%—15% may be set with regard to bilateral exchange rate of RMB
against GBP and Euro. This policy should certainly coordinate with other
policies in order to reduce the acts of interest arbitrage and arbitrage of exchange
of international hot money.
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