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Abstract—This paper studies the equilibrium exchange rate of RMB. According to the 

ERER theory, using data from China Statistical Yearbook, China Balance of Payments 

Statistics, Bank for International Settlements, National Bureau of Statistics, General 

Administration of Customs and Wind database, this paper considers tariffs, trade barriers, 

government fiscal policies, and capital flows between countries as well as analyzes the 

balance of the trading market. The results show that the actual effective exchange rate of 

the common name currency fluctuates slightly around the equilibrium exchange rate. The 

main contributor to China's trade surplus is domestic and foreign income instead of the 

RMB exchange rate. In addition, this article predicts that China's technological progress 

will have a significant impact on the RMB equilibrium exchange rate. Since China is a 

developing country, the continuous improvement of technological level has stimulated the 

appreciation of the renminbi. At the same time, technological progress in the United States 

has a devaluation effect on the renminbi. This will lead to an increase in the number of 

high-tech products exported by the United States to China and an increase in the demand 

for the U.S. dollar in the Chinese foreign exchange market, leading to the appreciation of 

the U.S. dollar and the relative depreciation of the renminbi. Finally, the interest rate 

shocks in China and the United States have little effect on the equilibrium exchange rate 

of the renminbi. In summary, this article proposes to vigorously develop my country's non-

trade industries based on the "Balassa-Samuelson" effect. What’s more, the process of 

interest rate marketization should be accelerated.  

Keywords-ERER theory model; Johansen co-integration test; China’s trade surplus; 

Balassa-Samuelson effect; J curve effect 

1  INTRODUCTION 

Since the 1990s, there have been many monetary crises in various countries, leading to turbulence 

in the international financial market; thus the exchange rate system of different countries has been 

constantly adjusted. Since 2005, the exchange rate of China’s RMB against the US dollar has 

appreciated by about 30%. However, there have been widespread controversies on RMB’s 

reasonable valuation, China’s chronic trade surplus and RMB’s exchange rate imbalance. 
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In the context of globalization, RMB should be internationalized, and the reformation of RMB 

has become accelerating. After the Asian financial crisis, currencies in East Asia and Southeast 

Asia had dramatically depreciated, bringing shocks to the exporting industries and causing a great 

depression. Under the pessimistic economic background, many firms closed down and millions 

of people became unemployed. At that time, the RMB was taught to depreciate, just like other 

currencies. Due to modest trade openness and excellent government handling, mainland China 

was barely affected and RMB did not significantly depreciate. After joining WTO in 2004, 

China’s economy took off, and the talk of the appreciation of RMB began to appear. 

The debate about whether RMB should appreciate has caused many economic and political 

disputes. There are frequent trade frictions between China and the U.S.; the U.S. government 

blames the undervaluation of RMB for economic problems and thus transfers the domestic 

contradictions. In 2010, then-President Obama pointed the finger at China in his speech and 

publicly called for China to adopt a market exchange rate system [1].  After that, in 2011, he 

applied new legislation to slap punitive tariffs for manipulating currency, intending to label China 

as a currency manipulator. Ben Bernanke, chairman of the Federal Reserve, has also said that 

China's response to the inflation problem is not to let the RMB appreciate but to restrain domestic 

demand by raising interest rates based on a constant exchange rate. In recent years, the core 

contradiction of the trade war between China and the U.S. is also about the great trade surplus 

caused by the reasonableness of RMB’s exchange rate. The U.S. government has imposed $200 

billion of tariff on China’s exported goods and services, intending to “punish” China for the dollar 

earned from the U.S. by “undervalued” RMB for many years [2].  

The research on the reasonableness proof of RMB has become one of the most heated political 

focuses. To solve this problem, it is necessary to calculate the exchange rate that an economy 

applies to achieves equilibrium both inside and outside. By comparing the exchange rate with the 

actual effective exchange rate, the real exchange rate level of the economy under the current 

economic environment can be judged. 

There are valuable meanings in the research of RMB’s equilibrium exchange rate. Firstly, with 

the internationalization of RMB on track, a reasonable and adequate exchange rate policy plays 

an important role in economic growth. The measured equilibrium exchange rate of RMB can be 

a reference of the effective exchange rate, promoting a healthy operation of the economy. 

Moreover, since the reform and opening up, China has been thought to be an export-relying 

country. With the growing trade surplus, many countries have criticized that China controlled the 

currency to earn export competitiveness. Therefore, studying whether the valuation of the RMB 

exchange rate is reasonable is conducive to refuting the criticism from abroad. In this paper, by 

using rigorous academic methods and collecting reliable data, I will work out the equilibrium 

exchange rate of RMB, analyze and evaluate the current situation of the RMB exchange rate, and 

give some personal suggestions. 

2 LITERATURE REVIEW  

In 1964, Samuelson (1964) found out that productivity levels that produced the goods are 

different [3].  The resulting trade exchanges between the two countries when prices of the 

different exchange rates are not the utterly consistent equilibrium exchange rate, and the 



equilibrium exchange rate will differ as a result of other factors such as productivity and produce 

distortion. It cannot be fully expressed in terms of the purchasing power of the two countries. 

Dixit and Stiglitz (1979) changed the applicable scope of the PPP theory and proved that the real 

exchange rate would no longer become stable as predicted by traditional PPP and parity due to 

micro factors such as labor productivity [4].  

Chinese researchers also made many contributions to the development of PPP theory: Yu Qiao 

(1998) calculated the price index in China from 1992 to 1997 [5].  It is concluded that the 

exchange rate of RMB is significantly overvalued against major currencies (such as the US dollar) 

in the framework of purchasing power parity theory, and it is even more overvalued in countries 

with more trade exchanges with neighboring countries. In their research published in the 21st 

century, Li Yaxin and Yu Ming (2002) believed that the RMB exchange rate was always 

undervalued compared with its own economic development from the reform and opening up to 

1995 [6].  Since 1996, peripheral countries were seriously affected by today's Asian crisis, and 

the RMB began to overvalue in 1997 and 1998, and then the overvalue gradually narrowed. 

Jin Zhongxia (1995) calculated the equilibrium exchange rate of RMB from 1978 to 1981, 1985 

to 1987 and 1991 to 1993 based on the FERR model. And the equilibrium exchange rate from 

1970 to 1977, 1982 to 1984 and 1988 to 1990 was undervalued [7].  

Zhang Guangbin and Li Xiaoqin (2003) analyzed the FEER theory and established an empirical 

model based on FEER [8].  A series of empirical analyses found that the RMB exchange rate did 

not exhibit misalignment at the macro level and its valuation was in line with the equilibrium 

exchange rate under the current state. The use of the research of domestic scholars is tiny, and 

the conclusion is far, the basic element which can explain the currency equilibrium theory 

temporarily does not comply with the conditions of developing countries in our country, because 

our country does not conform to the model's assumptions for a long time. As a result, it can't 

reflect the equilibrium exchange rate's actual situation. 

Under the research of many Chinese scholars, the equilibrium theory of exchange rate of basic 

factors does not conform to the theory of developing countries in China temporarily because 

China does not conform to the premise hypothesis of the model for a long time, and the results 

cannot reflect the most practical situation of China's equilibrium exchange rate. 

Tang Yahui and Chen Shoudong (2010) used the Beer model to measure the changes in the 

equilibrium exchange rate of RMB after being disturbed by sudden historical factors [9].  They 

focused on analyzing the change of the equilibrium exchange rate of RMB when the Asian 

financial crisis occurred around 1997. The Beer mode focuses on historical events, which are 

subjectively determined to be the disturbance of sudden factors. The inflection points of the 

equilibrium exchange rate of RMB measured based on the Beer Model were all in the period of 

exchange rate reform in 2005. From the Asian financial crisis to the exchange rate reform, the 

RMB exchange rate was undervalued. However, due to the differences in selecting key events, 

the resulting final degree is quite different. 

Stein (1994) initially put forward the theory of NATREX in his paper and explained the exchange 

rate of the United States and other countries [10].  The changing trend of the exchange rate is the 

same as the change trend of microeconomic factors used, which is also consistent with the actual 

situation. 



Chu Youyang (2004) found that the RMB exchange rate had been undervalued from 1977 to 

1994, but it did not get rid of the undervalued state until 1995 and gradually overvalued [11].  In 

particular, due to the Asian financial crisis in 1997-1998, the depreciation and overvaluation of 

currencies in peripheral countries increased. Interest rates rose sharply in 1999 to prevent the 

economy from overheating and the government intervened to cool it. At this time, due to the 

slowdown of economic growth, the RMB exchange rate depreciated, but the overvalued state still 

lasted until 2001 before China entered the WTO. 

Zhang Xiaopu (2000) recorded the impact of various real variables on the equilibrium exchange 

rate of RMB since 1978 in his revised ERER model, and these variables significantly affected 

the trend of the equilibrium exchange rate of RMB [12].  The final conclusion shows that the 

RMB exchange rate has been significantly undervalued twice since the reform and opening up. 

Wang Weiguo and Huang Wanyang (2005) published an article on the equilibrium real exchange 

rate model of RMB in 2005 [13].  The variable selection and empirical conclusions in this paper 

provide a very powerful study on the equilibrium exchange rate of RMB. In his research, there is 

a co-integration relationship between RMB real effective exchange rate and domestic 

macroeconomic indicators. In the error correction model, it is found that the RMB exchange rate 

has the ability of correction and the ability of correction is very strong, which shows the resilience 

of China's economy. The final conclusion shows that the real exchange rate in 2001 was 7.8% 

higher than the equilibrium exchange rate, the real exchange rate in 2002 was 4.1% higher than 

the equilibrium exchange rate, and the real exchange rate in 2003 was 3.9% lower than the 

equilibrium exchange rate. 

3 FUNDAMENTAL THEORY  

3.1 Purchasing Power Parity Theory (PPP) 

The theory of purchasing-power parity holds that the domestic purchasing power of a country's 

currency is equal to that of its currency abroad. The core idea is that, ideally, when the local 

currency is converted into a foreign currency equivalent, goods and services purchased abroad 

are indistinguishable from goods and services received at home. According to the theory of 

absolute purchasing power parity put forward by Cassel in the early 1920s, the exchange rate 

between countries is related to the number of commodities that their currencies can buy in the 

two countries respectively. And the purchasing power level of a country's currency is negatively 

correlated with the price level [14].  If the inflation rate is different between the two countries, 

the long-term currency's ability to buy goods will change, and the country's currency 

experiencing inflation will depreciate. Although under this theory, external factors will affect the 

exchange rate in the short term, the real exchange rate will fluctuate between purchasing power 

equilibrium in the long term. The two real price levels required in absolute purchasing power 

parity are difficult to obtain, so the theory of relative purchasing power parity comes into being. 

In the theory of relative purchasing power parity, the currency exchange rate in the base period 

is obtained. That PPP exchange rate is the product of the rate of exchange of the price level of 

two countries in a certain period and the exchange rate in the base period. 



3.2 Fundamental Equilibrium Exchange Rate (FEER) 

In the early 1980s, Williamson raised the basic factor equilibrium exchange rate theory [15].  The 

capital account was introduced for the first time as an equilibrium determinant of exchange rates. 

For the first time, this theory divides the situation when an economy reaches equilibrium into 

internal and external aspects. Internal equilibrium is the output under the condition of low and 

continuous inflation and full employment. External equilibrium is the state of long-term capital 

flows between two economies. 

The FEER model focuses on the current account, ultimately for macroeconomic equilibrium. The 

current account expresses the relationship between aggregate domestic and foreign output and 

demand and the real effective exchange rate. FEER model can calculate equilibrium exchange 

rate according to domestic and foreign total output, demand and capital account. 

3.3 Behavioral Equilibrium Exchange Rate Theory (BEER) 

Clark and MacDonald raised the Beer model in 1998 [16].  Based on macroeconomic factors, 

internal and external equilibrium, the model also puts forward the concept of time direction, 

taking into account medium - and long-term direction, short-term temporary changes and some 

sudden factors in the world, which is widely applicable. 

The situation of internal and external equilibrium has not been considered by the behavioral 

equilibrium theory. Secondly, the different understanding of the impact of major events will 

cause fundamental differences in the final paper results. Therefore, the persuasion of this model 

is also questionable. 

3.4 Natural Real Exchange Rate Theory (NATREX) 

NATREX is raised by Stein in 1994. The theory is mainly based on the micro-level and external 

equilibrium. This theory does not consider the periodicity of economic development and the 

change of the external environment, and only studies the equilibrium exchange rate with the 

balance of international payments as the main entry point. The basic points of this theory are: (1) 

micro-factors such as residents' productivity can explain the trend of real exchange rate; (2) The 

influence of external debt on the equilibrium exchange rate is reflected in the direction of external 

debt use; (3) Current account improvement is achieved through non-monetary and trade policy 

methods, such as changing the balance between investment and savings. 

3.5 Equilibrium Real Exchange Rate Theory (ERER) 

Edwards first put forward the equilibrium fundamental exchange rate theory in 1989 [17].  Later, 

Edwards (1994) added internal and external influence conditions and some restrictive 

assumptions based on the original theory, further completing the theory [18].  The main content 

of this theory is the price of tradable goods relative to Non-traded goods, in this relative price of 

internal and external equilibrium at the same time. This model studies the fundamental factors 

that affect the equilibrium exchange rate and puts forward the influence of trade, tariffs, foreign 

capital and technology. Empirical research shows that macroeconomic variables are the main 

factors affecting the long-term equilibrium real exchange rate. In the short term, the real exchange 

rate is also affected by monetary disturbances. 



The above researches show that equilibrium real exchange rate theory is the closest to China's 

reality among the current major exchange rate determination theories.  

Uzun, Samuel H. Szewczyk and Raj VarmaUzun, Samuel H. Szewczyk and Raj VarmaUzun, 

Samuel H. Szewczyk and Raj VarmaUzun, Samuel H. Szewczyk and Raj VarmaBasic 

Assumption: 

Equilibrium real exchange rate (ERER) is the relative price of non-traded goods and tradable 

goods. The internal equilibrium is generated by variables such as tariffs, trade barriers, 

government fiscal policies, and capital flows between countries. When clearing, internal 

equilibrium is achieved; external equilibrium is achieved when the current and future current 

account balances are consistent with long-term sustainable capital. 

4 DERIVATION OF THE REVISED ERER MODEL 

The internal equilibrium of the Equilibrium Real Exchange Rate (ERER) is determined by tariffs, 

whether there are trade barriers, government fiscal policies, capital flows between countries, etc. 

It is the price of traded goods relative to non-traded goods. When the Non-traded market is cleared 

now and in the future, internal equilibrium will be achieved; external equilibrium will be achieved 

when the current and future current account balances are consistent with long-term sustainable 

capital flows. 

Let’s begin with the internal equilibrium: 

 

𝐴 = 𝐸𝑋𝑃𝑃 + 𝐸𝑋𝑃𝐺                                           (1) 

 

In (1), 𝐴 is the domestic absorption, 𝐸𝑋𝑃𝑃 is the total expenditure in private sector, 𝐸𝑋𝑃𝐺  is the 

total expenditure of government sector. Internal equilibrium requires the clearing of the Non-

traded goods market, Non-traded goods expenditure could be considered: 

 

𝐸𝑋𝑃𝑁 = 𝐸𝑋𝑃𝑃𝑁 + 𝐸𝑋𝑃𝐺𝑁                                       (2) 

 

𝐸𝑋𝑃𝑃𝑁  and 𝐸𝑋𝑃𝐺𝑁  are the total expenditure on Non-traded goods of private and government 

sectors. 

 

𝐸𝑋𝑃𝐺𝑁 = 𝑔𝑛 ∙ 𝐸𝑋𝑃𝐺 = 𝑔𝑛 ∙ 𝑔 ∙ 𝐺𝐷𝑃                         (3) 

 

In (3), 𝑔𝑛 is the proportion of the expenditure on goods to the total government expenditure, 𝑔 is 

the proportion of the government expenditure to 𝐺𝐷𝑃. 

According to the previous assumption, the price of private sector spending on Non-traded goods 

is mainly affected by the prices of domestic tradable goods and Non-traded goods, thus: 

 



  

PN PN IM EX N P

PN IM EX N G

PN IM EX N

EXP d (P ,P ,P ) EXP

d (P ,P ,P ) (A-EXP )

d (P ,P ,P ) (A g GDP)

= 

= 

=  −                             (4) 

 

Substitute (2) and (3) into (4), we can get the expenditure function (5) of Non-traded goods:  

 

𝐸𝑋𝑃𝑁 = 𝐸𝑋𝑃𝑃𝑁 + 𝐸𝑋𝑃𝐺𝑁 

= 𝑑𝑃𝑁(𝑃𝐼𝑀 , 𝑃𝐸𝑋 , 𝑃𝑁) ∙ (𝐴 − 𝑔 ∙ 𝐺𝐷𝑃) + 𝑔𝑛 ∙ 𝑔 ∙ 𝐺𝐷𝑃 (5) 

 

Ideally, the aggregate demand for Non-traded goods equals to the expenditure to it, thus we can 

get the formula (6):  

 

𝐷𝐸𝑃𝑁 = 𝐸𝑋𝑃𝑁 = 𝑑𝑃𝑁(𝑃𝐼𝑀 , 𝑃𝐸𝑋 , 𝑃𝑁) 

∙ (𝐴 − 𝑔 ∙ 𝐺𝐷𝑃) + 𝑔𝑛 ∙ 𝑔 ∙ 𝐺𝐷𝑃                                                (6) 

 

The prices of the three types of goods affect the proportion of the supply of Non-traded goods to 

the 𝐺𝐷𝑃, see formula (7): 

 

𝑆𝑛 = 𝑆𝑛(𝑃𝐼𝑀, 𝑃𝐸𝑋 , 𝑃𝑁) ∙ 𝐺𝐷𝑃                                             (7) 

 

When the internal equilibrium is reached, the aggregate supply of Non-traded goods equal to the 

aggregate demand of Non-traded goods, see formula (8): 

 

𝑑𝑃𝑁(𝑃𝐼𝑀, 𝑃𝐸𝑋 , 𝑃𝑁) ∙ (𝐴 − 𝑔 ∙ 𝐺𝐷𝑃) + 𝑔𝑛 ∙ 𝑔 ∙ 𝐺𝐷𝑃 

= 𝑆𝑛(𝑃𝐼𝑀, 𝑃𝐸𝑋 , 𝑃𝑁) ∙ 𝐺𝐷𝑃                                                          (8) 

 

Subtract 𝐺𝐷𝑃 for both side of the equation and we get formula (9): 

 

𝑑𝑃𝑁(𝑃𝐼𝑀, 𝑃𝐸𝑋 , 𝑃𝑁) ∙ (
𝐴

𝐺𝐷𝑃
− 𝑔) + 𝑔𝑛 ∙ 𝑔 = 𝑆𝑛(𝑃𝐼𝑀 , 𝑃𝐸𝑋 , 𝑃𝑁)             (9) 

 

The prices of internationally traded goods imported and exported are determined by the 

international prices, which are 𝑃𝐼𝑀
∗  and 𝑃𝐸𝑋

∗  (denominated in US dollars) respectively. Generally 

speaking, developing countries have tariffs to a certain extent as trade protection, which are 

represented by net import and export tax rates, net import tax rates tIM and net export tax rates 

tEX. 

 

𝑃𝐸𝑋 = 𝐸 ∙ (1 − 𝑡𝐸𝑋)𝑃𝐸𝑋
∗                                     (10) 



 

𝑃𝐼𝑀 = 𝐸 ∙ (1 − 𝑡𝐼𝑀)𝑃𝐼𝑀
∗                                     (11) 

 

In (1.12) and (1.13), E represents the nominal exchange rate, the real exchange rate 𝑒 is expressed 

as 𝑒 = 𝐸 ∙
𝑃𝑟𝑖𝑐𝑒 𝑜𝑓 𝑓𝑜𝑟𝑒𝑖𝑔𝑛 𝑔𝑜𝑜𝑑𝑠

𝑃𝑟𝑖𝑐𝑒 𝑜𝑓 𝑑𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝑔𝑜𝑜𝑑𝑠
, which is: 

 

𝑒 = 𝐸 ∙
𝑃∗

𝑃
                                                         (12) 

 

Substitute (10), (11) to (12), since the price of international traded goods cannot be subtracted by 

the price of Non-traded goods, the real exchange rate can be expressed by: 

 

𝑒 =
𝑃𝑁

𝐸∙𝑃𝐸𝑋
𝑎 ∙𝑃𝐼𝑀

(1−𝑎)                                         (13) 

 

Substitute the equation from (1) to (8) into (13), the equation of the real exchange rate influencing 

factors for the equilibrium of non-traded goods can be obtained, which is: 

 

𝑒 = 𝑒(
𝐴

𝐺𝐷𝑃
, 𝑓(𝑃𝐼𝑀

∗ , 𝑃𝐸𝑋
∗ ), 𝑡𝐼𝑀, 𝑡𝐸𝑋,

𝐸𝑋𝑃𝐺

𝐺𝐷𝑃
)                              (14) 

 

In (14), 𝑓(𝑃𝐼𝑀
∗ , 𝑃𝐸𝑋

∗ ) represents how the price of internationally traded goods affects the real 

exchange rate. The price of internationally traded goods for import and export is determined by 

the terms of trade of each country. Since the domestic inflation rate of both parties is not 

considered when the import and export traded goods are traded, the ratio of average CPI in 

developed regions to domestic CPI (CPI) in developed regions is added to the long-term trade. 

The price of the product is revised to prevent situations such as “internal depreciation and external 

rise”, denote 𝑓(𝑃𝐼𝑀
∗ , 𝑃𝐸𝑋

∗ ) with 𝑇𝑅𝐴 ∙ 𝐶𝑃𝐼, and write (14) as linear: 

 

log(𝑒) = 𝛼0 + 𝛼1 log (
𝐴

𝐺𝐷𝑃
) + 𝛼2 log(𝑇𝑅𝐴) 

−𝛼3 log(𝑂𝑃𝐸𝑁) + 𝛼4 log(
𝐸𝑋𝑃𝐺

𝐺𝐷𝑃
) + 𝛼5log(𝐶𝑃𝐼)                     (15) 

 

𝑂𝑃𝐸𝑁 =
𝐼𝑚𝑝𝑜𝑟𝑡+𝐸𝑥𝑝𝑜𝑟𝑡

𝐺𝐷𝑃
, and it reflects the import and export tariff rate, trade environment, terms 

of trade, exchange control and other factors. Looking at the external conditions again, the current 

account balance 𝐶𝐴 = 𝐺𝐷𝑃 − 𝐴. In external equilibrium, the current account balance is equal to 

the capital account balance 𝐶𝐴 = 𝐾𝐴, which will be affected by capital flows between countries, 

domestic and foreign interest rates, and forward exchange rates, as shown in the formula (16): 

 

𝐾𝐴 = 𝑓(𝑁𝐶𝐼, 𝑟𝑡
∗, 𝐸𝑋𝑃𝑁 , [𝑡(log(𝑒𝑡+1)) − log(𝑒𝑡)])                    (16) 

 



In the formula (16), NCI represents the net capital inflow, 𝑟𝑡
∗ represents the domestic and foreign 

interest rate differential, 𝐸𝑋𝑃𝑁  non-traded goods expenditure, 𝑡(log(𝑒𝑡+1))  represents the 

expected value of the real exchange rate at time 𝑡 + 1 at time 𝑡, due to the external equilibrium, 

𝐶𝐴 = 𝐾𝐴. Substituting formula (6) into formula (16), we get: 

 
𝐴

𝐺𝐷𝑃
= 1 − 𝑓(

𝑁𝐶𝐼

𝐺𝐷𝑃
, 𝑟𝑡

∗, 𝐸𝑋𝑃𝑁 , 𝜎, [𝑡(log(𝑒𝑡+1)) − log(𝑒𝑡)])               (17) 

 

In (17), 𝜎  represents the proportion of non-tradable goods expenditure in total consumption, 

which is a constant. Therefore, the linear function is: 

 

log (
𝐴

𝐺𝐷𝑃
) = 𝛽0 + 𝛽1 log (

𝑁𝐶𝐼

𝐺𝐷𝑃
) + 𝛽2 log(𝑟∗) 

−𝛽3 log([𝑡(log(𝑒𝑡+1)) − log(𝑒𝑡)])                                 (18) 

 

In order to find the equilibrium exchange rate when internal and external equilibrium is reached, 

substituting (18) into (15), we have (19): 

 

log(𝑒𝑡) = 𝛼0 + 𝛼1(𝛽0 + 𝛽1 log (
𝑁𝐶𝐼

𝐺𝐷𝑃
) + 𝛽2 log(𝑟𝑡

∗) 

−𝛽3 log([𝑡(log(𝑒𝑡+1)) − log(𝑒𝑡)]) 𝛼0 

+𝛼1 log (
𝐴

𝐺𝐷𝑃
) + 𝛼2 log(𝑇𝑅𝐴) − 𝛼3 log(𝑂𝑃𝐸𝑁) 

+𝛼4 log(
𝐸𝑋𝑃𝐺

𝐺𝐷𝑃
) + 𝛼5 log(𝐶𝑃𝐼))                                     (19) 

 

The real exchange rate dynamic function (20) is: 

 

log(𝑒𝑡) − 𝛾𝑡 log(𝑒𝑡+1) 

= 𝛿0 + 𝛿1 log(𝑇𝑅𝐴) + 𝛿2 log (
𝑁𝐶𝐼

𝐺𝐷𝑃
) + 𝛿3 log(𝑟𝑡

∗) 

+𝛿4 log(
𝐸𝑋𝑃𝐺

𝐺𝐷𝑃
) + 𝛿5 log(𝐶𝑃𝐼) − 𝛿6 log(𝑂𝑃𝐸𝑁)                     (20) 

 

When all variables in the formula are long-term equilibrium values, the real exchange rate 

corresponds to the equilibrium exchange rate. Let the equation take the derivative of the variable 

𝛿, and 𝛿 = [𝛿0, 𝛿1, 𝛿2, 𝛿3, 𝛿4, −𝛿5, 𝛿6]: 

 

𝐹 = [1, log(𝑇𝑅𝐴) , log (
𝑁𝐶𝐼

𝐺𝐷𝑃
) , log(𝑟𝑡

∗),  



Log (
𝐸𝑋𝑃𝐺

𝐺𝐷𝑃
) , log(𝐶𝑃𝐼) , log(𝑂𝑃𝐸𝑁)]                                       (21) 

 

Finally, we can get the dynamic function of equilibrium exchange rate: 

 

log(𝑒𝑡) = ∑ 𝛾𝑖∞
𝑖=0 𝛿𝑡

’ 𝐹𝑡+𝑖                                             （22） 

 

From (21) and (22), it is known that the factors affecting the equilibrium exchange rate is the 

terms of trade (𝑇𝑅𝐴), the ratio between net capital flow (
𝑁𝐶𝐼

𝐺𝐷𝑃
) and 𝐺𝐷𝑃, the ratio between home 

interest rate and foreign interest rate (𝑟𝑡
∗), the ratio between government expenditure and 𝐺𝐷𝑃, 

the ratio between and foreign CPI (𝐶𝑃𝐼) and the economic openness (𝑂𝑃𝐸𝑁). 

5 VARIABLE SELECTION AND SOURCE OF DATA 

5.1 Variable Description 

Terms of trade refer to the total profit and loss of a country's imports and exports within a certain 

period of time, reflecting the trading environment in which the country is located. In this paper, 

the statistical data of the General Administration of Customs since 1980 is used, in which the 

import and export prices are respectively the Chinese commodity import price index and the 

Chinese commodity export price index. The terms of trade index are calculated by the quotient 

of the export price index and the import price index of a country's commodities. When the import 

price index is higher than the export price index, the trade index drops. The trade deficit will 

expand or the trade surplus will decrease, the demand for export products will increase, and the 

currency will appreciate. Otherwise, the currency will depreciate. 

The degree of economic openness has the following meanings : (1) the way a country opens to 

the outside world and the cost it has paid; (2) the degree of participation of foreign capital in 

domestic economic activities. In the early stage of China's reform and opening up, the degree of 

capital flow was not high and the qualification of investment openness was strict. Therefore, the 

degree of economic openness was reflected by the degree of trade openness. Changes in foreign 

trade amount also included the influence of the net import and export tariff rate in the model. The 

proportion of a country's total imports and exports in its GDP reflects its degree of opening to the 

outside world, and the proportion in GDP also reflects its degree of external dependence.  

Net capital inflow (NCI) is the net flow of international direct investment. Considering that the 

unit is different from other variables, this paper introduces the quotient of net international direct 

investment and gross national product to represent this variable, so that we can more intuitively 

feel the changes of international capital investment in China since the reform and opening up and 

the impact on the exchange rate. In general, the more net capital inflows, the stronger the currency 

becomes. 

The Consumer Price Index is a measure of the year-on-year increase or decrease in the Price of 

Consumer goods, services and other goods that people buy. When measuring the prices of 

international import and export tradable goods, domestic and international inflation rates will 

vary over time. In the long run, developing countries with capital flow control are prone to a 



situation similar to "internal depreciation and external rise", which will cause certain errors in the 

equilibrium exchange rate. Therefore, this paper selects the ratio of the average CPI in developed 

regions to the domestic CPI (CPI) and takes the cumulative value of each year after 1980 as the 

ratio to effectively offset the factors affecting the price of tradable goods. 

Government expenditure refers to a country (or region) that performs public functions, takes the 

necessary financial funds expenditure activities. It can be divided into the following two points: 

First, government purchases, such as infrastructure construction, legislation and justice, national 

defense armaments and education, are included in GDP. Data other than transfer payments and 

bond interest equal to GDP have been excluded from the assumptions. In this paper, the premise 

hypothesis (3) has proposed that there is no public debt; Therefore, government expenditure here 

refers specifically to government purchases. Since the government expenditure cannot reflect the 

change directly, the quotient between the government expenditure and the gross national product 

is expressed. 

The difference between domestic and foreign interest rates (𝑟∗) refers to the difference between 

domestic and foreign currency interest rates. The interest rates adopted by different countries are 

different. When choosing, the current international monetary system is still dominated by the US 

dollar, and the US dollar is the international settlement currency. Therefore, when selecting the 

difference between domestic and foreign interest rates in this paper, the quotient between Chinese 

domestic inter-bank offered rate and the federal funds benchmark rate of the United States is 

chosen to represent the difference. 

5.2 The Source of Data and the Data Processed 

In this paper, relevant data were selected from China Statistical Yearbook, China Balance of 

Payment Statistics, Bank for International Settlements, National Bureau of Statistics, General 

Administration of Customs and Wind database to ensure the authenticity and effectiveness of the 

data. The data processing method is as follows: 

Real effective exchange rate is a multilateral exchange rate, which is not anchored by a single 

country's exchange rate. From the derived equation, the real exchange rate is needed to do was 

explained variables, the real effective exchange rate is measured and published, including the 16 

trading partners, the trade weighted calculation, because the real effective exchange rate can more 

accurately describe the exchange rate change on the influence of internal and external equilibrium, 

this paper uses the indicators in the empirical analysis. Since all countries have been affected by 

the Asian financial crisis in 1997 to varying degrees, the purchasing power of RMB has also 

declined significantly for a period of time after 1997. 

The terms of trade index is expressed by the quotient of the export and import trade price indexes 

compiled by the General Administration of Customs. In the early stage of China's reform and 

opening up, the total volume of import and export trade was small and the variety fluctuated 

greatly. After the 1997 Asian financial crisis, China's growth stabilised terms of trade index fell, 

a situation that did not abate until 2008, when the world economy was recovering from the 

financial crisis. 

The degree of economic openness is expressed by the proportion of the total amount of imports 

and exports in GNP. The change of China's import and export value mainly experienced three 

stages : (1) From 1979 to 2002, the proportion of China's total import and export value in GDP 



increased gradually, and remained at 33% before and after the Asian financial crisis in 1997; (2) 

From 2003 to 2006, due to China's entry into the WTO, China began to show a trend of further 

expansion, reaching a peak of 63.9% in 2006. (3) Since 2007, China has gradually reduced its 

dependence on foreign trade economy due to changes in its own development. 

The change of China's consumer price index is the quotient of the average consumer price index 

of developed countries and China's consumer price index compared with the change of the 

international market price index. There are still some underdeveloped regions in the world where 

the consumer price index fluctuates greatly, which will affect the change of the world average 

consumer price index. Moreover, China's trade with underdeveloped regions does not account 

for a large proportion, while the consumer price stability in developed countries is also the main 

factor for Chinato trade with. In calculation, the ratio of the cumulative value of each year after 

1980 is used to offset the influence of inflation within a country on the real effective exchange 

rate. 

Government expenditure adopts the data of government expenditure from the National Bureau 

of Statistics over the years, and the proportion of government expenditure in GNP has remained 

stable. Government spending has always been between 13% and 15%, and in the years after the 

economic crisis in 1997 and 2008, government spending as a proportion of GDP would rise to a 

certain extent due to the need for government investment to drive the economy. 

Interest rate differentials are used at home and abroad is the benchmark interbank lending rates 

and the fed funds rate ratios measure, because the bank in China by 1996 has yet to reform, the 

inter-bank money flow is not often, so there is no interbank interest rates. Here the paper uses the 

one-year deposit interest rate instead of inter-bank lending rates by 1997. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



5.3 The Statistical Data Description 

 

 

Figure 1.  Data Description 



 

Figure 2.  Statistical Description of Data 

 

5.4 Trend Chart of Each Variable 

 

 

Figure 3.  The trend chart of real effective exchange rate 

 

 

Figure 4.  The trend chart of terms of trade 



 

Figure 5.  The trend chart of opennes 

 

 

Figure 6.  The trend graph of net capital flow 



 

Figure 7.  The trend graph of consumer price index 

 

 

Figure 8.  The trend graph of differences of interest rate 



 

Figure 9.  The trend graph of government spending 

6 DATA ANALYSIS 

6.1 The Unite Root Test 

For function (23): 

 

∆𝛾𝑡 = 𝛽0 + 𝛿𝛾𝑡−1 + 𝛾1∆𝛾𝑡−1 + 𝛾2∆𝛾𝑡−2 

+ ⋯ + 𝛾𝑝∆𝛾𝑡−𝑝+1 + 𝛾𝑡 + 𝜀𝑡                                        (23) 

 

The null hypothesis and the alternative hypothesis is function (24): 

 

𝐻0: 𝛿 = 0 𝑣𝑠 𝐻1: 𝛿 < 0                                                 (24) 

 

𝜀𝑡 is the white noise, 𝛾𝑡 is the time trend. By applying the OLS method to get the the estimators 

�̂� and 𝑡 statistics (ADF statistics) are obtained. As 𝑍(𝑡) is smaller, it is more likely to reject the 

null hypothesis. The results of constant term and time trend term are expressed as (𝑐, 𝑝, 𝑡). 𝑝 is 

the lag order, the maximum lag order is expressed as 𝑝𝑚𝑎𝑥 = [12 ∙ (
𝑇

100
)

1

4] , and the sample size 

𝑇 is 40, and thus 𝑝𝑚𝑎𝑥 = 40. 

TABLE 1. TABLE OF THE UNIT ROOT TEST OF VARIABLES 

 (c,t,p) statistics 1% 5% 10% p values 
Stable or 

not 

TRA (c,t,0) -2.604 -4.251 -3.544 -3.206 0.2782 No 

dtra (c,t,0) -5.34 -4.26 -3.584 -3.209 0 Yes 

OPEN (c,t,0) -0.713 -4.251 -3.544 -3.206 0.9723 No 



dopen (c,t,0) -5.05 -4.26 -3.584 -3.209 0.0002 Yes 

NCI (c,t,0) -1.353 -4.251 -3.544 -3.206 0.8742 No 

dnci (c,t,0) -4.896 -4.26 -3.584 -3.209 0.0003 Yes 

CPI (c,t,0) -0.882 -4.251 -3.544 -3.206 0.958 No 

dcpi (c,t,0) -4.124 -4.270 -3.584 -3.209 0.0058 Yes 

GOV (c,t,0) -2.222 -4.251 -3.544 -3.206 0.4773 No 

dgov (c,t,0) -3.845 -4.26 -3.584 -3.209 0.0144 Yes 

logr (c,t,0) -1.276 -4.251 -3.544 -3.206 0.8939 No 

dlogr (c,t,0) -3.751 -4.26 -3.584 -3.209 0.0192 Yes 

REER (c,t,0) -3.525 -4.251 -3.544 -3.206 0.0368 Yes 

dreer (c,t,0) -3.964 -4.26 -3.584 -3.209 0.00 Yes 

 

As shown in the ADF test results, d represents the first-order difference of variables. The results 

show the real effective exchange rate (REER), the first-order difference of terms of trade (TRA), 

the first-order difference of economic openness (OPEN), and the net capital flow. The first-order 

difference of the proportion of input to gross national product (NCI) is stable at the significance 

level of 1%, and the first-order difference of the ratio of the average consumer price index of 

developed countries to the consumer price index of China (CPI). The first-order difference of the 

ratio of government expenditure to GDP (GOV) and the logarithm (logr) of the ratio of China's 

interbank offered rate to the Federal Reserve's benchmark funds rate are stable at the significance 

level of 5%. 

6.2 Johansen Co-Integration Test 

If there is a "long-term equilibrium relationship" between multiple unit root variables, the 

Johansen co-integration test can be carried out to verify such regression [19]. 

In the cointegration test, the cointegration rank should be firstly determined as (25): 

 

𝐻0: 𝑟𝑎𝑛𝑘(𝛤0) = 0 𝑣𝑠 𝐻1: 𝑟𝑎𝑛𝑘(𝛤0) > 0                                    (25) 

 

The larger the cointegration rank h, the less the constraint of matrix 𝛤0 is, so the likelihood ratio 

test can be carried out, which is called "trace statistics". The larger the trace statistics, the more 

inclined the null hypothesis is to be rejected.  

The trace statistic result is shown by the figure below: 

TABLE 2. RESULT OF TRACE STATISTIC 

 
 



The test results of the maximum statistic of co-integration rank are shown in the figure below: 

TABLE 3. RESULT OF MAXIMUM STATISTIC 

 
 

There are five linearly independent co-integration vectors in the trace test (" * "in the table). 

In the test of the maximum characteristic value, the null hypothesis "cointegration rank is 4" 

(32.7566>23.78) was rejected on 5% water level, and the null hypothesis "cointegration rank is 

5" (15.4988<16.87) could not be rejected. 

Therefore, the co-integration rank is 5, and the co-integration equation is (26): 

 

𝑅𝐸𝐸𝑅 = −1.808701𝑇𝑅𝐴 − 2.410770𝑂𝑃𝐸𝑁 

+1.291466𝑁𝐶𝐼 + 1.666188𝐶𝑃𝐼 − 1066336𝐺𝑂𝑉 

+0.268787𝑟 + 3.959102                                                              (26) 

 

The results of co-integration test show that the increase of China's terms of trade (TRA), 

economic openness (OPEN) and the proportion of government expenditure in GDP (GOV) will 

lead to the decline of the real effective exchange rate of RMB. The net capital inflow as a 

proportion of GDP (NCI), the logarithm of the ratio of China's interbank offered rate to the 

Federal Reserve's benchmark fund rate (R) and the expansion of the quotient of the average 

consumer price index of developed countries to China's consumer price index (CPI) will lead to 

an upward adjustment of the real effective exchange rate of RMB. 

As the terms of trade index rises, exports will decrease and imports will increase, so the demand 

for RMB will decrease, and the demand for foreign currencies will increase the depreciation of 

RMB and the decline of the equilibrium exchange rate of RMB. Its elasticity coefficient is -

1.808701. 

In terms of the degree of economic openness, the proportion of China's import and export trade 

has been getting smaller in recent years. The proportion of import and export trade to GDP has 

also decreased from 63.9% in 2006 to 31.9% in 2019. In economies with perfect domestic 

demand and relatively complete industrial chain, once the economic openness has a tendency to 

increase, it is likely to mean the deterioration of domestic economy and the decline of local 

currency purchasing power. Its coefficient of elasticity is -2.41077. 

The proportion of government expenditure in GDP has been relatively stable over the years, and 

its growth is generally reflected in expanding fiscal deficit internally and increasing liquidity 

supply to boost investment, which inevitably leads to "money overissuance" and increases in 



import and foreign currency demand externally. Since the proportion of government investment 

to GDP has been stable for many years, the elasticity coefficient is -10.66336. 

Net capital inflow represents the proportion of direct investment of foreign capital in China's 

GNP, and its growth has a positive impact on the real effective exchange rate of RMB. Net capital 

inflow will lead to trade surplus and make RMB appreciate. As the proportion of net capital 

inflow is relatively small, its positive impact is general, and the elasticity coefficient is 1.291466.  

The ratio of the national average consumer price index to China's consumer price index represents 

the comparison between the domestic inflation level of China and the average inflation level of 

developed countries over the years. The higher the value is, the higher the average inflation of 

developed countries is than that of China. The higher the relative inflation rate is, the weaker the 

purchasing power of its currency is, which has a positive impact on the real effective exchange 

rate of RMB. The elastic coefficient is 1.666188. The logarithm of the ratio between China's 

interbank offered rate and the Federal Reserve's benchmark fund rate represents the interest rate 

spread between the two countries. Generally speaking, capital will flow into countries with higher 

interest rates, and the larger the interest rate spread indicates the degree to which China's domestic 

interest rate is higher than that of the United States, but the impact is small. The elasticity 

coefficient is 0.0268787. 

6.3 Vector Error Correction Model (VECM) 

The concept of vector error correction model (VECM) is as follows: assume that {𝛾1𝑡 , ⋯ 𝛾𝑛𝑡} is 

the unit root variable (𝑛 ≥ 2) . The random vector 𝛾𝑛 , and the vector autoregressive model 

considering 𝛾𝑡 is (27): 

 

𝛾𝑡 = 𝛼 + 𝜙1𝛾𝑡−1 + 𝜙2𝛾𝑡−2 + ⋯ + 𝜙𝑝𝛾𝑡−𝑝 + 𝜀𝑡                              (27) 

 

The vector autoregressive model corresponds to the vector error correction model is (28): 

 

∆𝛾𝑡 = 𝛼 + 𝛤0𝛾𝑡−1 + 𝛤1∆𝛾𝑡−1 + 𝛤2∆𝛾𝑡−1 

+ ⋯ + 𝛤𝑝−1∆𝛾𝑡−𝑝+1 + 𝜀𝑡                                              (28) 

 

Where 𝛿𝛾𝑡−1 is the error correction term. When 𝛾𝑡−1 deviates from the long-term equilibrium 

relationship, 𝛤0𝛾𝑡−1 adjusts for ∆𝛾𝑡 (i.e., error correction). 

After the co-integration test and the confirmation of the co-integration rank F, the VECM model 

is estimated when “rank(𝛤0) = ℎ”, and the VECM model is changed into Equation (29): 

 

∆𝛾𝑡 = 𝛼 + 𝛤0𝛾𝑡−1 + 𝛤1∆𝛾𝑡−1 + 𝛤2∆𝛾𝑡−1 

+ ⋯ + 𝛤𝑝−1∆𝛾𝑡−𝑝+1 + 𝛿𝑡 + 𝜔1𝑠1 + ⋯ + 𝜔𝑚𝑠𝑚 + 𝜀𝑡                       (29) 

 

Where 𝛿𝑡 is the time trend item, and {𝑠1, ⋯ , 𝑠𝑚} is the seasonal dummy variable. 



Then the vector error correction model is determined. Firstly, the lag order of the difference of 

each variable is selected as 3. The result of the error correction model is shown in Equation (30):  

 

∆𝑅𝐸𝐸𝑅 = −0.6020412∆𝑅𝐸𝐸𝑅𝑡−1 − 0.0657664∆𝑅𝐸𝐸𝑅𝑡−2 

+0.6392832∆𝑇𝑅𝐴𝑡−1 + 0.4205679∆𝑇𝑅𝐴𝑡−2 

−0.2406354∆𝑂𝑃𝐸𝑁𝑡−1 − 0.4219259∆𝑂𝑃𝐸𝑁𝑡−2 

+0.7384349∆𝑁𝐶𝐼𝑡−1 − 0.8456568∆𝑁𝐶𝐼𝑡−2 

−2.710498∆𝐶𝑃𝐼𝑡−1 + 0.667604∆𝐶𝑃𝐼𝑡−2 

+5.325064∆𝐺𝑂𝑉𝑡−1 − 0.837949∆𝐺𝑂𝑉𝑡−2 

+0.038566∆𝑟𝑡−1 + 0.022094∆𝑟𝑡−2 − 0.7713016𝜀𝑡−1                       (30) 

 

𝜀𝑡−1  error correction term explains the dynamic adjustment process of RMB real effective 

exchange rate. If the equilibrium exchange rate determined by macroeconomic variables in the 

previous period is overvalued compared with the actual effective exchange rate, that is, the actual 

effective exchange rate is undervalued. Since the coefficient of 𝜀𝑡−1 is negative, the equilibrium 

exchange rate in the current period will adjust downward and the real effective exchange rate of 

RMB will appreciate. The coefficient of the error correction term represents the ability of the 

system to self-repair the exchange rate misalignment, and the coefficient of the error correction 

term is 0.7713016, indicating that China's exchange rate system based on the modified ERER 

model has a strong ability to repair. Theoretically, when the coefficient of error correction term 

is 1, the misalignment of exchange rate can be completely corrected within a period of time. 

Therefore, the closer the absolute value of the coefficient of error correction term is to 1, the 

stronger the system's ability to adjust.  

6.4 Diagnostic Test of Vector Error Correction Model 

After estimating the vector error correction model, the diagnostic test of the model is needed [20].  

First, we conduct LM test to see if there is autocorrelation among residuals. If there is, the lag 

order should be increased, as shown in the table below: 

TABLE 4. THE RESULT OF LM TEST 

Lagrange-multiplier test lag Chi2 df Prob>chi2 

1 70.7772 49 0.02253 

2 77.8079 49 0.00547 

H0: no autocorrelation at lag 

order 
   

 

The results showed that the null hypothesis of "no autocorrelation" was accepted. Next, the 

stability of "VECM" system was checked, and the results were shown in the figure below: 

 



 

Figure 10.  The VECM specification imposes 2 unit moduli 

 

6.5 Vecm System Stability Check 

The results show that all the eigenvalues of the adjoint matrix fall in the unit circle, except for 

the unit roots assumed by the vector error correction model itself (VECM defines 2-unit roots), 

and the system is stable. 

It has discussed above that the factors affecting the equilibrium exchange rate REER are the terms 

of trade TRA, the proportion of net capital flow and the GDP 
𝑁𝐶𝐼

𝐺𝐷𝑃
, the openness of economy 

𝑂𝑃𝐸𝑁, the ratio between government spending and gross domestic production 𝐺𝐷𝑃, the interest 

rate differences logr and the ratio between the foreign and domestic consumer price index 𝐶𝑃𝐼. 

Therefore, the analysis will be conducted based on the data of effective RMB exchange rate, the 

gross domestic production, domestic terms of trade, the interest rate differences, openness of 

economy, relative price level and the government spending. 

6.6 H-P Filtering Method to Determine the Long-Term Equilibrium Value Of Economic 

Variables 

The valuation of RMB exchange rate needs to compare the real effective exchange rate with 

equilibrium exchange rate. In the empirical study in the previous chapter, the co-integration 

equation of the REAL effective exchange rate of RMB has been estimated, and the stability of 

the vector error correction model and model system has been determined. Finally, h-P filtering 

method is used to estimate the long-term equilibrium values of these explanatory variables. 

The time series is formed by stacking components with different frequencies. The main method 

of H-P filtering method is to select the components with higher frequencies from the components 

with different frequencies and eliminate the components with lower frequencies. The formula 

(31) is as follows: 

 

yt = 𝑦𝑡
𝜏 + 𝑦𝑡

𝐶 , 𝑡 = 1,2,3. . . , 𝑇                                     (31) 



𝑦𝑡
𝜏 is the trend component，𝑦𝑡  is the time series. 

This article will influence the economic variables easy condition equilibrium exchange rate 

(TRA), economic openness (OPEN), net capital inflows, the proportion of GDP (NCI), the 

average consumer price index (CPI) in the developed countries and China's consumer price index 

(CPI), the proportion of GDP, government spending (GOV), interbank lending rates and al in 

China after processing the logarithm (logr) of the ratio of the reserve fund benchmark rate, define 

the variables named HP_TRA, HP_OPEN, HP_NCI, HP_CPI, HP_GOV, HP_logr, The 

difference between the filtered value and the original value is sub_tra, sub_open, sub_nci, sub_cpi, 

sub_gov and sub_logr, respectively. The results are shown by the following graphs: 

 

 

Figure 11.  HP_TRA, TRA and sub_tra data processing results 

 

 

Figure 12.  HP_OPEN, OPEN and sub_open data processing results 



 

Figure 13.  HP_NCI, NCI and sub_nic data processing results 

 

 

Figure 14.  HP_CPI, CPI and sub_cpi data processing results  



 

Figure 15.  HP_GOV, GOV and sub_gov data processing results 

 

 

Figure 16.  HP_logr, logr and sub_logr data processing results 

6.7 Rmb Exchange Rate Misalignment Measurement 

After the H-P filtering method is used to process the long-term equilibrium value of economic 

variables, the comparison diagram of the equilibrium exchange rate and the real effective 

exchange rate under the modified ERER model is obtained as follows: 



 

Figure 17.  The diagram of the equilibrium exchange rate and the real effective exchange rate under the 

modified ERER model 

The formula (32) for measuring the degree of RMB exchange rate misalignment (ERM) is as 

follows: 

 

𝐸𝑅𝑀 =
𝑅𝐸𝐸𝑅−𝐸𝑅𝐸𝑅

𝐸𝑅𝐸𝑅
                                                  (32) 

 

Where ERER is the equilibrium exchange rate of RMB calculated under the modified ERER 

model, and REER is the real effective exchange rate of RMB. If ERM>0, it means that the real 

exchange rate is overvalued; if ERM<0, it means that the real effective exchange rate is 

undervalued. 

The trend of RMB exchange rate misalignment is shown by the following graph: 

 

 

Figure 18.  The trend of RMB exchange rate misalignment 



The RMB has been significantly undervalued or overvalued in some stages, which is analyzed 

below. 

In the reform of foreign trade management system in 1979, foreign trade was changed from a 

state monopoly to a decentralized operation by a number of companies. Therefore, the RMB 

exchange rate needed to be reformed and changed according to the actual situation of import and 

export. However, the RMB exchange rate system at that time could not adapt to the two aspects 

of trade and non-trade, which also explained that in 1980, the RMB real effective exchange rate 

was significantly high and the exchange rate misalignment reached 25.36614%. 

In order to solve this unreasonable situation, the Trial Measures for The Internal Settlement Price 

of Foreign Exchange for Trade were introduced. In 1981, the official exchange rate and the 

internal settlement price of foreign exchange for trade were adopted simultaneously, with the 

official exchange rate used for financial transaction settlement and the foreign exchange for trade 

used for trade settlement. However, the effect of this method is not ideal, and the scope of use of 

the two exchange rates is not clear, resulting in appreciation. 

Mismanagement led to a black market exchange rate. At this time, the exchange rate 

misadjustment expanded from the rapid wave of 8.871216% in 1981 to -16.74854% in 1984. 

Later, due to the high inflation in the United States, the Federal Reserve raised interest rates, the 

external appreciation of the DOLLAR, and the gradual decline of the official exchange rate of 

RMB, the coexistence of the two exchange rates could no longer be maintained. 

During the dual-track exchange rate system, the portion of foreign exchange earnings is handed 

over at the lower official exchange rate and the rest is handled at the adjusted price. This measure 

promoted export, currency circulation, and maintained the balance of foreign exchange of 

foreign-funded enterprises, which was of great significance in the economic environment at that 

time. During this period, China vigorously developed imports and exports, and the total volume 

of imports and exports grew rapidly. Due to the rapid growth of exports, the rising export price 

index led to the continuous rise in terms of trade, resulting in the continuous depreciation of the 

real effective exchange rate of RMB, which was significantly undervalued during this period, 

and the most serious imbalance reached -55.2794% in 1988. 

In 1988, The State Council stipulated to modify the proportion of foreign exchange retention, 

allowing the foreign exchange adjustment price to be determined according to the supply and 

demand relationship in the foreign exchange market, and the official exchange rate coexisted 

with the foreign exchange rate. Relatively weakened foreign exchange control increased the 

degree of marketization, the degree of imbalance narrowed. 

In the floating exchange rate system managed from 1994 to 2005 and the "peg to a basket of 

currencies" policy after 2005, the degree of exchange rate misaligntment was basically within 

20%. 

7 AN EMPIRICAL TEST BETWEEN REAL EXCHANGE RATE AND TRADE 

BALANCE 

As mentioned above, some economists believes that China gains export competitiveness through 

the undervaluation of RMB exchange rate. In the following, a regression model is made to verify 



the ability of adjustment of RMB real exchange rate to trade balance. Referred to Mohsen and 

Brooks (1999), we established a static balance of payments model to serve as the theoretical basis 

for empirical analysis [21]. 

Suppose that there are only two open countries trading, and that tradable and non-tradable goods 

cannot be completely replaced directly. Domestic and foreign demand for imported goods can be 

written as (33) and (34): 

 

𝐷𝑚 = 𝐷𝑚 (𝑌,
𝑃𝑚

𝑃
) ,

𝜕𝐷𝑚

𝜕𝑌
> 0                                                    (33) 

 

𝐷𝑚
𝐹 = 𝐷𝑚

𝐹 (𝑌𝐹 ,
𝑃𝑚

𝑃
) ,

𝜕𝐷𝑚
𝐹

𝜕𝑌𝐹

> 0                                                   (34) 

 

Demand for imported goods is affected by domestic income and the relative impact of the prices 

of imported goods and the prices of non-traded goods. The higher the country's real income, the 

greater the demand for imported goods; The higher the price of imported goods relative to 

domestic non-tradable goods, the smaller the demand for imported goods. The same conditions 

apply to foreign countries. 

In terms of the supply of tradable goods, it is assumed that the supply of tradable goods is only 

affected by the relative price of tradable goods, so the equation (35) can be set out as follows: 

 

𝑆𝑥 = 𝑆𝑥 (
𝑃𝑥

𝑃
)                                                         (35) 

 

The nominal exchange rate and real exchange rate can be defined as (36) and (37): 

 

𝑒 =
𝑃𝑀

𝑃𝑥
𝐹

                                                             (36) 

 

𝑞 = 𝑒
𝑃𝐹

𝑃
                                                         (37) 

 

Where Pm is the price of domestic imported goods measured in domestic currency, and px
F is the 

price of domestic imported goods measured in foreign currency. By rearrange the above 

equations, we can get the weight of the prices of the imported good measured by domestic and 

foreign currency, see (38) and (39):  

 

𝑝𝑀 =
𝑃𝑀

𝑃
= 𝑒𝑝𝑥

𝐹 = 𝑞
𝑃𝑥

𝐹

𝑃𝐹
                                           (38) 



𝑝𝑀
𝐹 =

𝑃𝑥

𝑞
                                                       (39) 

 

When the equilibrium of the international market is achieved, the domestic demand for imported 

goods is equal to the supply of foreign exports. We can get (40): 

 

𝐷𝑀 = 𝑆𝑥
𝐹, 𝐷𝑀

𝐹 = 𝑆𝑥                                               (40) 

 

The country's trade balance is the difference between its export earnings and its import 

expenditures, see (41): 

 

𝑇𝐵 = 𝑝𝑥𝑆𝑥 − 𝑝𝑀𝐷𝑀 = 𝑝𝑥𝐷𝑀
𝐹 − 𝑞𝑃𝑥

𝐹𝐷𝑀                                     (41) 

 

By combining the above equations, we can get the trade balance function of our country, see (42): 

 

𝑇𝐵 = 𝑇𝐵(𝑞, 𝑌, 𝑌𝐹                                                              (42) 

 

It can be seen from the above formula that a country's trade balance is a function of its domestic 

income, foreign income and its real exchange rate. There are two kinds of effects of domestic 

income on trade balance. One is the income effect, that is, the expansion of domestic income will 

increase the demand for imported goods. Second, if the productivity of domestic substitutes 

increases and the real income of the country increases, the substitution of foreign imported 

substitutes will increase the trade balance. 

The impact of real exchange rate on trade balance can be divided into long term and short term. 

In the short term, due to the sticky effect, that is, the production and consumption in the short 

term cannot react quickly with the price changes, and the import and export volume will not 

change significantly. However, due to the change of exchange rate, the export income in foreign 

currency terms is relatively reduced, and the import expenditure in domestic currency terms is 

relatively increased, thus resulting in the increase of the current account balance deficit or surplus. 

This phenomenon is known as the J-curve effect. In the long run, a devaluation has a positive 

effect on the trade balance by raising the price of your imports in your home market and lowering 

the price of your exports in foreign markets. 

According to the above theoretical model, we can establish an econometric model for empirical 

test, like (43): 

 

ln 𝑇𝐵𝑡 = 𝛽0 + 𝛽1 ln 𝑌𝑡 + 𝛽2 ln 𝑌𝑡
𝐹 + 𝛽4 ln 𝑅𝐸𝐸𝑅𝑡 + 𝜀𝑡                                  (43) 

 

Data on domestic income, foreign income and the real effective exchange rate of RMB are 

obtained from the International Monetary Fund and the Bank for International Settlements. 



8 RESULT ANALYSIS 

8.1 Unit Root Test 

TABLE 5. UNIT ROOT TEST 

Variables Test Type(c,t,p) ADF 5% Result 

∆𝑡𝑏 (c,0,0) -3.690 -2.917 stable 

∆𝑦 (0,t,2) -3.755 -3.619 stable 

∆𝑦𝑓 (0,0,1) -2.198 1.956 stable 

∆𝑟𝑒𝑒𝑟 (0,0,1) -2.736 -1.944 stable 

 

The test shows that the variables are all unstable at the original level, and they are all stationary 

after the first derivative. Therefore, it can be concluded that the variables are first-order 

integration, and the co-integration analysis can be conducted. 

8.2 Johansen Co-Integration Test 

In this test, both trace statistics and maximum eigenvalue statistics significantly reject the null 

hypothesis that there is no co-integration relationship, and confirm the existence of a co-

integration relationship. This indicates that there is a long-term linear equilibrium relationship 

between variables. According to the test, we get the estimated value of the equation parameters 

by (44): 

 

𝑡𝑏𝑡 = 3.257 − 1.146𝑦𝑡 + 2.1171𝑦𝑡
𝑓

− 0.704𝑟𝑒𝑒𝑟𝑡                               (44) 

 

TABLE 6. JOHANSEN CO-INTEGRATION TEST 

 Eigenvalue Trace 
Null 

Hypothesis 

𝑡𝑏𝑡  32.59  

𝑦𝑡 0.5294 (0.00435) None 

𝑦𝑡
𝑓

  11.365  

𝑟𝑒𝑒𝑟𝑡 0.3578 (0.2487) 1 

 

It can be seen from the coefficient of the co-integration equation that the RMB exchange rate has 

a long-term impact on the trade balance. If the RMB exchange rate depreciates by 1%, the trade 

balance will increase by 0.7% in the long run. But the long-term elasticity of the yuan's exchange 

rate to the trade balance of China and the world's national income to the trade balance. This shows 

that the main influence on the trade balance is not the exchange rate, which to a certain extent 

negates the argument of some economists that "China obtains export competition through an 

undervalued exchange rate". 



9 TENDENCY PREDICTION OF RMB EXCHANGE RATE 

The RMB exchange rate has always been the research hotspot and focus of domestic and foreign 

economic theory and practice circles. It is of great theoretical value and practical significance to 

study the influencing factors and fluctuation trend of RMB exchange rate.  

The main methods that China uses to manipulate the exchange rate are respectively controls of 

exchange rate, controls of currency and pegging to a basket of currencies. The following will 

simply analyze how these methods work and give a brief prediction on the future tendency of 

RMB exchange rate. 

Let’s firstly discuss the interest rate. Monetary policy is another long-term mechanism that affects 

money inflows and prices in China. The central bank has kept interest rates high since it initially 

liberalised the currency policy in 2005. In 2014, however, the central bank began to ease local 

interest rates to offset the slowdown. The easing of interest rates had the effect of dampening the 

flow of foreign capital into the economy, which subsequently put pressure on the depreciation of 

RMB. Here, let's assume that both domestic and foreign central banks follow the Taylor rule 

when making monetary policy [22]: 

 

𝑟𝑡 = 𝜓𝑟1−𝑡 + (1 − 𝜓)(𝜑𝜋𝜋𝑡 + 𝜑𝑥𝑥𝑡) + 𝑚𝑡                                (45) 

 

𝑚𝑡 represents the monetary policy shock of the country, 𝜑𝑥 represents the response coefficient 

of the national central bank to the output gap and inflation.  

After the collecting data and doing a regression analysis, the essay finds out that the increase 

foreign countries’ interest rate will lead to RMB depreciation, and this effect will gently reduce 

as time passes by; China’s interest rate will pose a positive effect in exchange rate and the effect 

will also reduce as time passes by. This may be because China has gently liberalized the financial 

market, and foreign currency inflow becomes easier; combined with many well-developing firms 

in China, attracting more foreign investors. With the growing strength of the Chinese market and 

the gradual internationalization of the RMB, Chinese finance may gradually become a substitute 

for the American financial market. Therefore, the impact term of interest rate and the coefficient 

of price level will gradually decrease over time, that is, its influence of monetary policy will 

gradually decrease. Over time, as mentioned above, the productivity gap between the two 

countries will gradually become a major influence on the RMB exchange rate. China is 

developing very fast, which will make the RMB appreciate. Moreover, China's perilous growth 

will lead to technological competition with the United States, and the United States will take 

certain measures to limit China's growth. Assuming there is no financial crisis and the 

government's strong intervention in the foreign exchange market in the future, the RMB exchange 

rate will show a long-term trend of slow appreciation with fluctuations. 

Foreign currency controls is another method used by Chinese government. China has strict rules 

on individuals and banks who hold foreign currency, so the currency isn't considered fully 

convertible. Investors who convert dollars or other foreign currencies into yuan must sell them 

directly to the People's Bank of China, which adds them to the country's foreign-exchange 

reserves. The government then prints local currency for use by individuals, companies and banks. 

China has accumulated large dollar reserves. It currently has the world's largest stockpile of 



reserves. The bulk of China's reserves are denominated in dollars and invested in US Treasuries, 

and are seen by the world's major central banks as a haven for capital. Central banks can also use 

other instruments, such as derivative contracts, which affect the value of markets and currencies. 

The advantage of using these instruments is that banks do not have to sell their supply of dollars 

immediately. This could slow the depletion of its reserves and thus maintain market confidence 

in its ability to intervene in the future. 

China's central bank rarely intervenes directly in the foreign exchange market, usually through 

state-owned banks, in addition to using its money-market operations and vast foreign exchange 

reserves. However, China's approach to international financial markets is more conservative. The 

People's Bank of China influences the offshore market in a variety of ways, including regular and 

non-cyclical sales of RMB-denominated bills in Hong Kong. This can be used to mop up excess 

currency circulation and reduce speculative short-selling of the currency. A sound currency and 

international financial market are bound to attract more foreign investment, which will lead to 

the appreciation of the RMB exchange rate. 

A sustained appreciation of the exchange rate would certainly hurt exports. Exports are one of 

the three drivers of China's development, and the government is bound to manage the exchange 

rate to protect exports. In this case, China's policy of pegging to a basket of currencies to set a 

target exchange rate is a good stabilizer. With a relatively stable exchange rate and a gradually 

improved international financial market, China has the opportunity to become a major market for 

foreign investors in the future. 

10 CONCLUSION AND SUGGESTION 

To sum up, the RMB exchange rate has a trend of appreciation. Exterior reasons include 

promising Chinese companies, a better financial system and a deregulated market that will attract 

foreign investment. The internal reasons are that China has a high economic growth rate, a 

relatively prudent monetary policy and limited substitution of domestic demand for external 

demand. 

Based on the above analysis, we can put forward the following suggestions: First, we should 

accelerate the market-oriented reform of RMB exchange rate formation mechanism, establish a 

fully flexible exchange rate formation mechanism, and further give play to the decisive role of 

market supply and demand in the formation of RMB exchange rate. Secondly, according to the 

"Balassa-Samuelson effect", we should vigorously develop China's non-tradable industries, 

improve the labor productivity of non-tradable sectors, narrow the productivity difference 

between tradable sectors and non-tradable sectors, and slow down the appreciation trend of the 

medium- and long-term equilibrium exchange rate of RMB [23].  Finally, we should improve the 

degree of RMB interest rate marketization and accelerate the process of RMB interest rate 

marketization. 
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