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Abstract. As China becomes increasingly globalized, foreign exchange reserves 

serve as a crucial indicator of economic strength and international standing, 

thereby shaping economic security, international payment capacity, and financial 

market stability. However, foreign exchange reserve fluctuations are driven by 

various macroeconomic factors, necessitating a deeper exploration of their un-

derlying mechanisms. Therefore, the paper aims to explore the key factors af-

fecting the fluctuation of China’s foreign exchange reserves and analyze the 

impact mechanisms of macroeconomic variables such as money supply, GDP, 

and interest rates on foreign exchange reserves. In particular, a multiple linear 

regression model is used for empirical analysis, with standardized macroeco-

nomic indicator frequencies and outlier adjustments to improve model robust-

ness. In addition, a ten-fold cross-validation method is implemented to refine the 

model, while the ARMA-GARCH model is utilized to predict exchange rate 

fluctuations for the next year, thus providing deeper insights into market risks. 

The results demonstrate that at a 0.05 confidence level, the logarithmic broad 

money supply (ln M2) and exchange rate (ER) exhibit a significant negative in-

fluence on foreign exchange reserves (FER), while the China-U.S. CPI differ-

ence, treasury bond yield difference (YS), and the logarithm of China’s GDP 

index do not show statistical significance. Furthermore, the ARMA-GARCH 

model predicts that the average exchange rate remains around 8.2765 over the 

next year, while volatility is expected to increase, indicating that despite a stable 

average exchange rate, market uncertainty and risk may rise. 

Keywords: Foreign exchange reserves, exchange rate fluctuations, multiple 

linear regression, ARMA-GARCH model, market risk 

1 Introduction 

Foreign exchange reserves reflect a country’s economic strength and stability. Amid 

growing global complexity, governments and financial institutions strengthen reserve 

management to mitigate risks [1]. Research on foreign exchange reserves has pro-

gressed from trade demand, such as Triffin’s analysis of the ratio of foreign exchange 
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reserves to total imports, to balance of payments [2]. After the Asian financial crisis, 
focus shifted to their precautionary role. Recently, studies highlight their link to ex-
port-driven economies and trade surpluses. However, most studies investigate influ-
encing factors individually, lacking a broad macroeconomic view and facing limits in 
dynamic analysis and policy guidance. This study focuses on identifying the key fac-
tors affecting fluctuations in China’s foreign exchange reserves and attempts to predict 
future trends in the foreign exchange market. By examining macroeconomic variables 
such as money supply, GDP, and interest rates, this research aims to provide a more 
comprehensive understanding of foreign exchange reserve fluctuations and supplement 
existing studies. Particularly, it examines the relationship between the foreign ex-
change reserves and macroeconomic variables, analyzing their impact on reserve 
fluctuations. Additionally, it investigates future exchange rate trends and potential 
market risks. A multiple linear regression model is employed for empirical analysis, 
aligning indicator frequency and addressing outliers to enhance stability. Furthermore, 
a ten-fold cross-validation method is applied to optimize the model, and the 
ARMA-GARCH model is used to forecast future exchange rate volatility to further 
assess market risks. Thus, the study seeks to offer insights into foreign exchange re-
serve management and improve the understanding of how macroeconomic variables 
influence foreign exchange reserves. And it may also offer empirical insights for pol-
icymakers and investors, aiding informed decisions amid foreign exchange market 
shifts. 

2 Literature Review 

The fluctuations in foreign exchange reserves are influenced by a range of factors. 
Existing research mainly explores three perspectives: balance of payments and trade, 
monetary policy and financial markets, as well as overall macroeconomic stability. 
Despite varying core variables, these studies highlight the key role of foreign exchange 
reserves and their driving mechanisms. 

From the perspective of balance of payments and trade, changes in foreign exchange 
reserves are often closely related to trade surpluses, capital flows, and exchange rate 
fluctuations. Rangan Gupta et al. found that the growth of foreign exchange reserves is 
not only influenced by trade conditions but is also closely linked to global financial 
conditions and systemic risks [3]. Some studies further suggest that the appreciation or 
depreciation of exchange rates can influence the accumulation of foreign exchange 
reserves by altering the competitiveness of exports and imports as well as capital flow 
patterns [4]. The fluctuation of foreign exchange reserves reflects the state of the bal-
ance of payments, and feeds back into trade and capital flows, forming a dynamic 
interaction mechanism. 

In the field of monetary policy and financial markets, research mainly examines the 
impact of foreign exchange reserves on money supply, exchange rate formation 
mechanisms, and financial market stability. For example, Chen pointed out that trade 
surpluses and capital inflows are the key drivers of foreign exchange reserve growth 
[5]. Moreover, an increase in foreign exchange reserves may lead to an expansion in 
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money supply through foreign exchange purchases, thereby influencing inflation levels 
and interest rate policies [6]. Havaldar et al. demonstrated that changes in money 
supply can significantly impact a country's balance of payments, highlighting the 
importance of monetary policy in managing economic stability [7]. Relevant studies 
have also shown a significant correlation between exchange rates and foreign exchange 
reserves, with the appreciation of the Chinese yuan often accompanying an increase in 
foreign exchange reserves [8]. Li Zhou and Zhu found that there is a significant cor-
relation between money supply, foreign exchange reserves, and exchange rate fluctu-
ations, suggesting that these variables interact in a complex manner [9]. This rela-
tionship is further shaped by central bank intervention policies. Therefore, foreign 
exchange reserves are not merely passive reserve assets but can also serve as an im-
portant tool for monetary policy regulation. 

In terms of macroeconomic stability, research examines how foreign exchange re-
serves affect economic growth, inflation, and fiscal policy formulation and imple-
mentation. Prior studies indicate that fluctuations in foreign exchange reserves can 
affect price levels, market expectations, and government debt management, ultimately 
impacting economic stability [10]. A rise in foreign exchange reserves may temporarily 
increase liquidity pressure, driving up consumer prices. However, in the long run, 
effective foreign exchange reserve management can strengthen market confidence and 
enhance economic resilience. Besides, government bonds affect fiscal sustainability 
and foreign exchange reserve management, shaping macroeconomic policy effective-
ness. 

Most existing studies examine foreign exchange reserve fluctuations separately, 
ignoring factor interactions and dynamics. As the global economy grows more com-
plex, research on the systematic reserve management remains limited, particularly in 
balancing accumulation and stability. Thus, the study integrates monetary analysis and 
the balance of payments theory, investigating the dynamic relationships between for-
eign exchange reserve fluctuations and key macroeconomic indicators while proposing 
theoretical hypotheses. It posits that foreign exchange reserve fluctuations are signifi-
cantly correlated with money supply, exchange rates, consumer price index, gross 
domestic product, and government bond levels. An increase in foreign exchange re-
serves may drive money supply growth through foreign exchange purchases and in-
fluence international trade balance via exchange rate mechanisms. Reserve fluctuations 
may also affect domestic economic conditions by influencing the consumer price index 
and GDP growth rate. Additionally, as an indicator of fiscal stability, government bond 
levels may shape reserve management strategies and further impact the broader eco-
nomic environment and monetary policy adjustments. 

3 Methodology 

3.1 Data Sources and Variable Selection 

A total of 121 observations from November 2013 to November 2023 are sourced from 
the Windows Financial database, ensuring high reliability. Foreign exchange reserves 
(FER) act as the dependent variable, while the explanatory variables encompass the 
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broad money supply (M2), the USD-RMB exchange rate (ER), the CPI differential 
between China and the U.S., the 10-year government bond yield spread (YS), and 
China’s GDP index. In particular, M2 reflects economic liquidity, impacting foreign 
exchange reserves. ER influences cross-border capital flows and the balance of pay-
ments, shaping fluctuations in foreign exchange reserves. The CPI difference measures 
inflation disparities, impacting exchange rates and purchasing power. The YS differ-
ence represents interest rate gaps, affecting capital flows and reserve levels. The GDP 
index indicates economic growth, supporting foreign exchange reserves. This study 
analyzes reserve fluctuations from macroeconomic, trade, and financial market per-
spectives to build a comprehensive analytical framework. 

3.2 Variable Definitions and Descriptions 

The variables are selected based on their potential influence on fluctuations in foreign 
exchange reserves, covering multiple dimensions such as macroeconomics, financial 
markets, and the balance of payments. This framework provides a comprehensive basis 
for analyzing the factors influencing foreign exchange reserve changes. The key var-
iables and their definitions are presented in Table 1. 

Table 1. Explanation of Main Variables 

Variable Type Variable Name Variable 
Symbol Variable Description 

Dependent Varia-
ble 

Foreign Exchange 
Reserves FER The ability to purchase foreign 

exchange 

Explanatory 
Variable 

Broad money supply M2 
Measuring national economic 
liquidity and potential purchas-
ing power 

Average exchange rate ER Exchange rate between two 
currencies (USD to RMB) 

Difference in CPI 
between China and the 
United States 

CPI China CPI - US CPI, measuring 
inflation 

China US treasury 
bond yield spread (ten 
years) 

YS 
China YS - US YS, reflecting 
the interest rate difference 
between the two countries 

China GDP Index GDP Measuring the total amount of 
economic activity in a country 

In this study, FER, the dependent variable, reflect a country’s ability to acquire 
foreign currency. Influenced by government external expenditures and trade-related 
demand, FER serve as a key indicator of external economic stability and play a vital 
role in macroeconomic stability. M2 is an essential indicator for measuring a country’s 
economic liquidity and potential purchasing power, encompassing M1 as well as time 
deposits and savings deposits. Changes in broad money supply directly affect market 
liquidity and inflation levels. According to the theory of purchasing power parity, if an 
increase in money supply is not matched by economic growth, it may lead to inflation, 
thereby reducing the purchasing power of the currency and subsequently affecting the 
exchange rate. A decline in the purchasing power of the domestic currency may exert 
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depreciation pressure on its exchange rate. The average ER is a key variable measuring 
the value between two currencies, thus playing a crucial role in the foreign exchange 
market. Here, it specifically refers to the USD/CNY exchange rate, reflecting the 
relative value of the two currencies and being influenced by various macroeconomic 
factors. The CPI, a key inflation indicator, is examined in this study through the CPI 
difference between China and the United States, reflecting disparities in purchasing 
power and inflation levels. According to purchasing power parity theory, a higher CPI 
in China than in the United States indicates a higher inflation rate, potentially leading to 
the depreciation of the Chinese yuan against the US dollar. Thus, CPI differences 
significantly affect the foreign exchange market, particularly in shaping monetary 
policy and economic expectations. The treasury bond YS reflects the interest rate 
difference between China and the U.S., specifically the gap in the 10-year treasury 
bond yields. Interest rate differentials are closely related to capital flows. Higher Chi-
nese treasury bond yields may attract foreign investment, boosting yuan demand and 
driving appreciation. Thus, the YS is an important factor influencing exchange rate 
fluctuations. The GDP index measures the total economic activity in a country, serving 
as a crucial indicator of economic health. Economic growth is typically associated with 
currency appreciation, as foreign investors may purchase more of the domestic cur-
rency to invest in the expanding economy. GDP growth reflects the vitality of the 
country’s economy, which further impacts the demand for the currency and exchange 
rates. 

3.3 Data Pre-Processing 

The data pre-processing involves the processing of annual CPI data and ten-year gov-
ernment bond yield data for both China and the U.S. The annual CPI for both countries 
is collected, with missing values and outliers addressed using the mean substitution 
method. The difference in CPI between China and the U.S. is then calculated as fol-
lows: 

 ∆CPI = China CPI − US CPI (1) 

This gap reflects the disparity in inflation levels between the two countries. Next, the 
ten-year government bond daily yield data for both countries is obtained from the 
Windows financial data platform, with missing values and outliers handled using the 
mean substitution method. To convert the data into monthly data, the daily average 
bond yields for each month were first calculated using the formula: 

 YSi = ∑ YSd
n
d=1
n

 (2) 

where n is the number of days in the month, and daily yield d represents the yield of 
day d in month i. Finally, the difference in the monthly average bond yields between 
China and the U.S. is calculated using the following formula: 

 ∆YS = YS(China) − YS(US) (3) 
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3.4 Data Exploration and Model Development 

The analysis starts with descriptive statistics to explore key variables. The mean, 
standard deviation, minimum, and maximum values of each variable are calculated to 
indicate the distribution and variability of the data. Descriptive statistical analysis helps 
understand the basic characteristics of the variables and provides a foundation for more 
complex model analysis in the subsequent steps. 

The correlation analysis is then performed using Pearson’s correlation coefficient to 
measure the linear relationships between the key variables. Testing the correlation 
coefficients and significance levels identifies relationships between variables, in-
forming the regression model. This analysis lays the groundwork for constructing the 
regression model and interpreting the relationships between the variables. Once the 
relationships between the variables are identified, a multiple linear regression model is 
developed to examine the factors affecting foreign exchange reserves, as follows: 

 ln(FER) = β0 + β1 ln(M2) + β2ER + β3CPI + β4YS + β5 ln(GDP) + ϵ (4) 

where β0is the intercept, βi are the regression coefficients, and ϵ is the error term. 
Through the regression analysis, the impact of factors such as money supply, exchange 
rate, CPI differences, government bond yield spread, and GDP on foreign exchange 
reserves is quantified. In addition, the ARMA-GARCH model is used to further ana-
lyze exchange rate volatility [11]. The ARMA component captures the linear dynamics 
of exchange rates, while the GARCH part models their conditional volatility. This 
model provides a robust tool for predicting market risks and evaluating exchange rate 
fluctuations. 

4 Results 

4.1 Descriptive Statistics and Graphical Analysis 

The RMB exchange rate, CPI difference, broad money supply, and GDP index show-
case different volatility characteristics during the observation period, reflecting the 
overall economic changes. As shown in Table 2, the RMB exchange rate (USD/RMB) 
show relatively small fluctuations, ranging from 6.10 to 7.18, with a mean of 6.62, 
indicating general stability. The CPI difference between China and the U.S. fluctuate 
widely, from -7.00 to 3.00, with a mean of -0.92, reflecting significant inflation dif-
ferences. China’s GDP index averaged close to 100, reflecting stable economic growth. 
The M2 and FER reveal a steady upward trend, indicating a loose monetary policy. The 
government bond yield spread displayed significant fluctuations, reflecting changes in 
market interest rates. 
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Table 2. Statistical Description of FER and Various Statistical Indicators 

 N 
Mini-
mum 
Value 

Maxi-
mum 
Value 

Mean 
Standard 
Devia-

tion 

Average exchange rate (USD to RMB) 121 6.10 7.18 6.62 0.32 
Difference in CPI between China and the 

United States 121 -7.00 3.00 -0.92 2.62 

China: GDP Index 121 85.50 101.87 99.83 1.57 

Treasury bond yield difference 121 -2.95 3.88 0.909104 1.20 

Broad money supply (billions) 121 1079.25 2859.12 1868.27 498.73 
Foreign exchange reserves (in billions of 

US dollars) 121 2998.20 3993.21 3271.69 282.72 

Moreover, as shown in Figure 1, the RMB exchange rate display an upward trend, 
suggesting a depreciation of the RMB against the U.S. dollar. Meanwhile, the CPI 
difference exhibit a downward trend, indicating that the inflation gap between China 
and the U.S. may be narrowing. As shown in Figures 2 and 3, the distribution charac-
teristics of each indicator are further observed. The box plot for the CPI shows a median 
close to zero, while the longer lower whisker indicates a period of deflation. The dis-
tribution of M2 is relatively concentrated, indicating a steady increase in the money 
supply. And the RMB exchange rate distribution is relatively stable, with most data 
points clustered around 6.6. 

 
Fig. 1. Trends in Indicators of Macro Influencing Factors 
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Fig. 2. Partial Indicator Box Line 

 
 

Fig. 3. Partial Indicator Box Line Diagram 

4.2 Correlation Analysis Between Variables 

FER shows a significant negative correlation with the broad money supply and RMB 
exchange rate, while the correlation between the GDP index and foreign exchange 
reserves is weak. As shown in Table 3, FER is significantly negatively correlated with 
the broad money supply (-0.601), indicating that a rise in the broad money supply is 
generally associated with a decrease in foreign exchange reserves. Similarly, the RMB 
exchange rate showcases a strong negative correlation with foreign exchange reserves 
(-0.770), meaning that when the RMB depreciates, foreign exchange reserves tend to 
decrease. Also, the CPI difference between China and the U.S. shows a positive cor-
relation with foreign exchange reserves (0.271), while the GDP index has a low cor-
relation with foreign exchange reserves (0.229), thus indicating a weaker connection. 
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The government bond yield spread exhibits a relatively low correlation with other 
variables. 

Table 3. Correlation Coefficient between Various Indicators 

  FER (US 
$1 billion) 

M2 (100 
billion) 

Average 
ER (US 
$to RMB) 

China-US 
CPI 
difference 

China: 
GDP 
index 

Treasury 
bond YS 

FER (in 
billions of 
US dollars) 

Pearson 
correla-
tion 

1      

M2 (billions) 
Pearson 
correla-
tion 

-.601** 
(0) 1     

Average ER 
(USD to 
RMB) 

Pearson 
correla-
tion 

-.770** 
(0) 

.622** 
(0) 1    

China-US 
CPI differ-
ence 

Pearson 
correla-
tion 

.271** 
(0.003) 

-.738** 
(0) 

-0.122 
(0.183) 1   

China: GDP 
Index 

Pearson 
correla-
tion 

.229* 
(0.012) 

-0.003 
(0.97) 

-.335** 
(0) 

-.246** 
(0.007) 1  

Treasury 
bond YS 

Pearson 
correla-
tion 

0.137 
(0.134) 

-.319** 
(0) 

-.205* 
(0.024) 

.314** 
(0) 

0.135 
(0.14) 1 

*Note: At the 0.01 level (double tailed), the correlation is significant at the 0.05 level (double 
tailed), the correlation is significant. 

4.3 Regression Analysis and Model Diagnosis 

M2 and the RMB exchange rate significantly affect FER, while the CPI difference, 
GDP index, and government bond YS has no significant impact. As shown in Table 4, 
the overall regression model was significant (F-value of 44.403, p-value of 0.000), and 
the R² is 0.659, indicating that the model explained 65.9% of the fluctuation in foreign 
exchange reserves. Among the independent variables, ln(M2) and RMB ER had sig-
nificant negative effects on foreign exchange reserves. Specifically, the coefficient of 
M2 is -0.097, t-value -2.475, p-value 0.015, indicating that an increase in money supply 
leads to a decrease in foreign exchange reserves. The coefficient of the RMB exchange 
rate is -0.142, t-value -5.852, p-value 0.000, showing that RMB depreciation affects 
foreign exchange reserves. Other variables, such as the CPI difference, government 
bond YS, and GDP index have insignificant coefficients, suggesting that they have a 
smaller effect on foreign exchange reserves. 
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Table 4. Coefficient Estimation Results 

Variable Coefficient 
estimation t Significance VIF 

(Constant) 8.743 6.13 0.000  
ln(M2) -0.097 -2.475 0.015 5.684 

ER -0.142 -5.852 0.000 3.148 
CPI 0.000 0.081 0.936 3.585 
YS -0.005 -1.291 0.199 1.187 

Ln (GDP) 0.221 0.737 0.463 1.263 
F 44.403  0.000  

R2: 0.659 Adjusted R2: 0.644  

Further model diagnostics indicate that, as seen in Figure 4, the cumulative distri-
bution of the standardized residuals closely follows the diagonal, suggesting that the 
model residuals are close to normal, and the model fits well. The collinearity diagnos-
tics in Table 5 reveal potential collinearity issues among some variables, particularly 
when the eigenvalues are close to zero (e.g., 0.002 and 4.981E-6), pointing to the need 
for further optimization and variable selection 

 
Fig. 4. P-P plot of Standardized Residuals for Regression Normalization 

Table 5. Collinearity Diagnosis Result 

Model Dimension Eigenvalue Condition Index 

1 

1 4.532 1 
2 1.03 2.097 
3 0.436 3.225 
4 0.002 53.591 
5 0 164.443 
6 4.98E-06 953.83 
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4.4 Model Optimization and Forecasting Results 

The optimized regression model demonstrates high forecasting accuracy. After con-
ducting ten-fold cross-validation, the model achieved an R² of 0.998, an RMSE of 
0.0029, and an MAE of 0.002, thereby reflecting an excellent fit and low prediction 
error. This confirms the model’s robustness in explaining fluctuations in foreign ex-
change reserves based on the selected variables. In addition, the ARMA-GARCH 
model predicts that the RMB exchange rate will remain relatively stable in the short 
term, hovering around 8.2765, with only minor fluctuations. Nevertheless, the GARCH 
part suggests that the volatility of the RMB exchange rate is expected to rise, indicating 
an increase in market uncertainty in the coming months. These results imply that while 
the RMB exchange rate is likely to stay stable in the near future, volatility is expected to 
increase over the medium to long term due to factors such as shifts in economic policies 
and global market conditions. Policymakers and financial market participants should 
take these potential changes into account when formulating strategies. 

5 Conclusion 

This paper examines the key factors affecting the fluctuations in China’s foreign ex-
change reserves through a multiple linear regression model. The analysis reveals that 
the broad money supply and the average exchange rate have a significant negative 
effect on foreign exchange reserves, while the China-US consumer price index dif-
ference, China-US treasury bond yield spread, and China’s GDP index have negligible 
effects. Besides, the ARMA-GARCH model predicts minimal fluctuations in the ex-
change rate over the next year, with the expectation of relatively stable conditions. 
However, the model also indicates a rising trend in volatility, suggesting that market 
uncertainty may increase due to potential shifts in economic conditions and external 
factors. The selection of data from 2013 to 2023 in the study may limit its relevance by 
not fully capturing recent developments and failing to account for potential policy 
shocks that could impact the results. Further research may expand the data range, 
introduce more macroeconomic variables, and incorporate policy factors for dynamic 
analysis, thus providing a more comprehensive understanding of the mechanisms 
affecting foreign exchange reserve fluctuations. 
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