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Abstract. In this essay, we first examine the factors that influence the volatility of the 
exchange rates between China, Japan, and the United States from 2013 to 2023. And also 
explains the factors that affect the correlation between the three countries in currency ex-
change markets. We then establish a clear, explicit model for the role of exchange rate 
variations between China, Japan, and the United States before examining how and to what 
degree exchange rate fluctuations affect volatility and correlations in currency exchange 
rate markets. In this study, we gather the ten-year currency exchange rate and compute the 
volatility using RIDGE-Model and Python. According to the evidence in this research, 
local market volatility is mostly increased by larger currency exchange rate unpredictabil-
ity. In addition, the correlation between the three nations reveals that while exchange rate 
changes between China and the U.S. are minimal, those between Japan and the U.S. are 
quite substantial. 

Keywords: exchange rate volatility, correlation, the Ridge model. 

1 Introduction 

Due to the various economic landscapes, the value of the currency is different. For example, 
when the United States is economically developed, the value of the dollar is high, while Vi-
etnam's economy is relatively backward, and the value of the Vietnamese Dong is low. There-
fore, a country’s currency against the currency of other countries provides a rate of exchange, 
that is, the exchange rate, which is the most important adjustment lever in international trade. 
Because the cost of the goods produced by a country is calculated according to its own currency, 
to compete in the international market, its commodity cost will be related to the exchange rate. 
The level of exchange rate affects the cost and price of the commodity in the international mar-
ket, which directly affects the international competitiveness of the commodity. 
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This paper develops a direct, explicit model for the role of exchange rate fluctuations between 
three countries: China, Japan and the United States, and examines how and to what extent vol-
atility and correlations in currency exchange rate markets are influenced by exchange rate fluc-
tuations. In addition, the impact of exchange rate fluctuations on transactions between countries 
and the reasons behind exchange rate fluctuations are also discussed. Evidence presented in this 
paper indicates that a higher currency exchange rate variability mostly increases local market 
volatility. In this paper, we collect the ten-year currency exchange rate and use Python to calcu-
late the volatility. The result shows that the exchange rate fluctuations between Japan and the 
U.S. are very large, but the exchange rate fluctuations between China and the U.S. are small. 
Those patterns are observed both through rigorous statistical analysis and analysis of geopoliti-
cal and economic events. 

Exchange rate fluctuations are affected by many factors, such as interest rates, inflation, and the 
macroeconomic policies of various countries. Take the interest rate as an example, if the ruler 
of a country raises the interest rate of the country and expects to raise the interest rate of the 
country’s currency, then the inflow of foreign capital is undoubtedly attractive, and the demand 
for the country’s currency will increase, and the exchange rate will rise. In the macroeconomic 
policies of various countries, especially the fiscal and financial policies, the exchange rate is 
greatly affected. Tight monetary policy, rising foreign exchange rate; Loose monetary policy, 
the foreign exchange rate of the currency fell. In the recent study, we became interested in stud-
ying volatility, and then we chose the US dollar, Japanese yen and RMB as research objects to 
explore the exchange rate volatility among these three currencies and the correlation between 
them. 

2 Literature Review 

2.1 Exploring Correlation and Volatility 

Exchange rates serve as the foundation of international trade and financial interactions, exerting 
significant influence on economic policies and shaping the global financial landscape. This lit-
erature review delves deep into the correlation and volatility of exchange rates between China, 
Japan, and the U.S., striving to uncover the underlying reasons driving their fluctuations. 
Through the utilization of the Ridge model, this essay aims to offer a comprehensive under-
standing of the intricate dynamics governing these currencies. Through rigorous analysis using 
the Ridge model, this study provides a comprehensive exploration of the correlation and vola-
tility of exchange rates among China, Japan, and the U.S. We consider into historical data and 
macroeconomic drivers to identify key factors that influence the correlation and fluctuations in 
these exchange rates. 

2.2 Understanding Underlying Drivers 

In this literature review, we scrutinize a plethora of factors that contribute to exchange rate 
fluctuations. Geopolitical events, monetary policies, economic indicators, and market senti-
ments are carefully examined to understand their roles in shaping the relationships between the 
currencies. 



 

2.3 Implications for International Trade and Finance 

The results of this statistical model analysis have significant implications for international trade 
and finance. Understanding the correlation and volatility dynamics allows policymakers, inves-
tors, and businesses to make informed decisions, manage risks, and devise effective strategies 
to navigate the ever-changing global economic landscape. 

2.4 Effect of economic data on currency exchange market 

There are many theoretical and empirical studies analyzing currency exchange market influ-
ences of real economic data swings. Fexco International Payments provides several examples 
of the influence factors of currency exchange rates [1]. Lai and Zhu reviewed the relationship 
between GDP and currency exchange rate [2]. Yadav and Jameel also mentioned the influence 
on the currency exchange rate by the GDP growth rate, inflation rate and interest rate [3]. Using 
various models and assumptions, theoretical studies showed currency exchange market effects 
of economic data and uncertain events [1,3,4,5]. As analyse by Lai and Zhu, in order to make 
sure the impact of GDP on the currency exchange market, different models and methods are 
used for visual data processing [2,5]. AKARSU shows the impact of the unemployment rate on 
the currency exchange market [6]. 

2.5 Effect of Non-trade factors on the currency exchange market. 

Some studies focus on how non-trade factors affect currency exchange rates. As highlighted by 
Lang and Li, “Trump’s tweets provide us with a unique perspective”, which has a negative 
impact on the currency exchange rate volatility [7]. And for events, like the China-US trade war 
in 2018, the Covid-19 epidemic in 2020, and the Russia-Ukraine war in 2022 have all had a 
great impact on the economy, leading to the depreciation of the country’s currency or the ap-
preciation of other countries’ currencies, leading to fluctuations in currency exchange rates. 
Different documents provide specific analyzes for different events [8-12]. 

2.6 Correlation of different countries' currency exchange rate 

As we can see, the world is an economic community. No matter which country has an economic 
crisis, it will affect the countries with which it trades more. Therefore, there is also a certain 
relationship between the currency exchange rates between countries [5]. The strength of rela-
tions between different countries also varies. At the same time, due to the impact of some polit-
ical events and natural disasters, different countries are affected to different degrees, so there 
will be different results in the relationship between currency exchange rates [10,12,13]. 

3 Method 

3.1 Data Collection 

The first step in analyzing the volatility and correlation of foreign exchange markets is to collect 
the necessary data. Historical exchange rate data for the target currency pairs is essential for 
calculating both volatility and correlation. Our data consists of China, Japan and the U.S. cur-
rency exchange rate in terms of each other: CNY/JPY, CNY/USD, JPY/USD. The daily closing 
rates were obtained from the database DataStream for the period from 1 June 2013 to 1 June 



 

2023, which corresponds to a total of 7832 data points. The choice of these countries is not just 
because they provide a good geographical representation of the continent, but they’re very rep-
resentative of the world’s currencies according to the gross domestic product (see Table 1). 

Table 1. US China Japan’s share of global GDP in 2022 [Owner-draw]. 

# Country Share of World GDP 

1 United States 24.08% 

2 China 15.12% 

3 Japan 6.02% 

3.2 Calculation of Volatility 

Volatility, a measure of price fluctuations, is a key parameter in assessing risk and market be-
havior. In this study, we utilize the standard deviation of a certain time window on daily closing 
values or variance of logarithmic returns to calculate volatility. 

3.2.1 Fixed window size t Volatility Calculation 

The volatility for a given currency pair on a certain time window n can be calculated using the 
following formula: 

𝜎௧ ൌ ඨ
∑ ሺ𝑥 െ �̅�ሻଶே

ୀଵ

𝑁 െ 1
   ሺ1ሻ 

where xi is daily closing value. Following common practice, first we chose every six months 
followed by a step size of 1 as a basic unit of data, because there are 180 days in a six-month 
period, and then subtracting the weekends, there are only 128 days left in the end, so in the 
calculations and subsequent results, every 128 days is a window size. 

3.2.2 Logarithmic Returns Calculation 

Alternatively, logarithmic returns can be used for a more accurate representation of percentage 
changes:  

𝑅𝑒𝑡𝑢𝑟𝑛௧ ൌ ln ൬
𝐶𝑙𝑜𝑠𝑖𝑛𝑔 𝑃𝑟𝑖𝑐𝑒௧

𝐶𝑙𝑜𝑠𝑖𝑛𝑔 𝑃𝑟𝑖𝑐𝑒௧ିଵ
൰   ሺ2ሻ 

After calculating logarithmic returns, the variance of these returns can be computed to determine 
the volatility of the currency pair. 

3.2.3Normalization of volatility 

When we want to compare different volatilities of these three markets, We have noticed that 
each market exists a different magnitude of order in its exchange rate. This will affect the actual 
fluctuation when comparing each volatility with others due to the nature of the method. Specif-
ically, the first method involves the standard deviation of the raw sample data. In order to com-
pare resulting volatility from different sample data. We have to normalize the results by dividing 
them with their population mean. In this case, the effect of magnitude of currency pair is mini-
mized to 1. 



 

3.3 Calculation of Correlation 

Correlation measures the degree to which two currency pairs move in relation to each other. A 
positive correlation indicates that the pairs move together, while a negative correlation suggests 
an inverse relationship. Pearson’s correlation coefficient is commonly used to measure correla-
tion between two currency pairs’ returns. As a result, we choose the Log-calculated volatility to 
compute the correlation. But we could plot the different correlation graphs based on two differ-
ent volatility calculation to see the pattern in the following section. The formula for calculating 
the correlation coefficient r between two sets of returns is: 

𝑟 ൌ
∑ሺሺ𝑋 െ 𝑋തሻሺ𝑌 െ 𝑌തሻሻ

ඥ∑ሺ𝑋 െ 𝑋തሻଶ ∑ሺ𝑌 െ 𝑌തሻଶ
   ሺ3ሻ 

Where: - 𝑋and 𝑌 represent the returns for currency pair X and Y on time unit 𝑖. െ𝑋 and 𝑌 are 
the means of the respective returns. 

3.4 Statistical Model 

To interpret the results, additional statistical analysis is performed. This section aims to explore 
potential factors influencing the correlation, from factors related to inner data to economic 
events or geopolitical factors. 

3.4.1 Linear Regression 

To identify which components of the data can best explain the correlations between currency 
pairs, linear regression can be employed. Linear regression models the relationship between a 
dependent variable (correlation) and one or more independent variables (components of data). 
Each independent variable represents a potential explanatory factor. 

3.4.2 Multicollinearity, VIF, and Ridge Model 

Multicollinearity, the presence of high correlations among independent variables, can lead to 
unstable and unreliable regression estimates. Ridge regression is an effective technique to han-
dle multicollinearity. It introduces a regularization term that helps stabilize the estimates by 
penalizing large coefficient values. One way to assess multicollinearity is by calculating the 
Variance Inflation Factor (VIF), which measures how much the variance of the estimated re-
gression coefficients is increased due to multicollinearity, and is given by:  

𝑉𝐼𝐹൫𝛽ఫ
 ൯ ൌ

1
1 െ 𝑅

ଶ    ሺ4ሻ 

where: 

𝛽ఫ
  is the estimated coefficient for predictor variable 𝑋, 

𝑅
ଶ is the coefficient of determination for the regression of 𝑋 

A VIF of 1 indicates that there is no correlation among the kth independent variable and the 
remaining independent variables, and hence the variance of β is not inflated at all. As a rule of 
thumb, a VIF value that exceeds 5 or 10 indicates a problematic amount of multicollinearity. 



 

Table 2. VIF for CNY-JPY and USD-CNY/ CNY-JPY and USD-JNY/ USD-JPY and USD-CNY. 
[Owner-draw]. 

 VIF Factor Features   VIF Factor Features   VIF Factor Features 

0 74702.224034 Const  0 74702.224034 Const  0 74702.224034 Const 

1 572.252958 CNY-
JPY 

 1 572.252958 CNY-
JPY 

 1 572.252958 CNY-
JPY 

2 562.637387 USD-
JPY 

 2 562.637387 USD-
JPY 

 2 562.637387 USD-
JPY 

3 153.038877 USD-
CNY 

 3 153.038877 USD-
CNY 

 3 153.038877 USD-
CNY 

4 22.052911 Volatility 
of CJ 

 4 22.052911 Volatility 
of CJ 

 4 22.052911 Volatility 
of CJ 

5 22.291821 Volatility 
of UJ 

 5 22.291821 Volatility 
of UJ 

 5 22.291821 Volatility 
of UJ 

6 2.466919 Volatility 
of UC 

 6 2.466919 Volatility 
of UC 

 6 2.466919 Volatility 
of UC 

Mean Squared Er-
ror:0.20907716252727732 

 Mean Squared Er-
ror:0.15538983547660443 

 Mean Squared Er-
ror:0.26340197240269647 

 
From the VIF test (see Table 2), we can see that we choose the volatility and exchange return 
rate as independent variables, and there are strong multicollinearity in these three correlations. 
Therefore, we will apply the Ridge Model to quantify the importance of the data. In Ridge Re-
gression, the objective is to minimize the following cost function: 

𝐽ሺ𝛽ሻ ൌ ሺ𝑦 െ 𝑋
்𝛽ሻଶ  𝜆  𝛽

ଶ



ୀଵ



ୀଵ

   ሺ5ሻ 

Where: 

n is the number of data points, p is the number of predictor variables, yi is the observed response 
for data point i, xi is the vector of predictor variables for data point i, β is the vector of regression 
coefficients, λ is the regularization parameter controlling the strength of regularization. 

The Ridge Regression solution is given by:  

𝛽መௗ ൌ ሺ𝑋்𝑋  𝜆𝐼ሻିଵ𝑋்𝑦   ሺ6ሻ 
Where: 

βˆridge is the vector of Ridge Regression coefficients, 

X is the design matrix of predictor variables, y is the vector of response values, I is the identity 
matrix. 

Ridge Regression helps address multicollinearity and provides more stable coefficient estimates 
by introducing regularization into the linear regression framework. 

4 Results 

The methodology outlined above provides a robust framework for calculating volatility and 
correlation in the foreign exchange market. By utilizing rolling window or logarithmic returns 
and employing Pearson’s correlation coefficient, this study aims to provide valuable insights 



 

into the behavior and interdependencies of currency pairs within the dynamic foreign exchange 
market. 

4.1 Analysis of Volatility from Plot 

 

Fig. 1. shows the exchange rate volatility (sized for semi-annual, but excluding weekends [Owner-
draw]. 

In this thesis, Fig. 1 offers a comprehensive illustration of the exchange rate volatility among 
the US dollar (USD), the Chinese yuan (CNY), and the Japanese yen (JPY) over ten years (June 
2013 to June 2023). Figure 1 vividly displays significant volatility in the currency pairs 
USD/JPY (orange line), USD/CNY (blue line), and CNY/JPY (green line), representing their 
exchange rates. The USD/JPY currency pair (orange line) features the US dollar as the quoted 
currency and the Japanese yen as the base currency, both being prominent reserve currencies in 
the global financial landscape. Similarly, the USD/CNY pairing (blue line) has the US dollar as 
the quoted currency and the Chinese yuan as the base currency, both of which hold significant 
importance in international monetary systems. Moreover, the CNY/JPY currency pair (green 
line) showcases the Chinese yuan as the quoted currency and the Japanese yen as the base cur-
rency, being widely recognized and heavily traded in global financial markets. The depicted 
exchange rate volatility in Fig. 1 holds crucial significance for understanding the dynamic in-
teractions between these major currencies over the ten-year period. As the thesis further inves-
tigates the underlying factors driving this volatility and correlation, it contributes to a compre-
hensive understanding of the implications for international trade and finance. 

4.1.1 Factors that affect Volatility.  

The concept of currency volatility, as defined by Taylor.J, revolves around the standard devia-
tion of day-to-day changes in the logarithm of the exchange rate [14]. In the context of the 
exchange rate between the Chinese yuan (CNY), the US dollar (USD), and the Japanese yen, 
several significant factors can influence its volatility. 



 

Political events hold a prominent position among these factors, as they can strongly impact in-
vestor sentiment and the perceived stability of a country’s economy. Instances of trade tensions 
between China and the US, along with diplomatic conflicts, have been observed to lead to in-
creased volatility in the exchange rate. 

Social statements made by national leaders also play a role in influencing currency volatility. 
According to research by Lang and Li, negative tweets from former President Trump concerning 
China’s economic and trade concerns correlate with an increase in volatility [7]. Moreover, this 
effect is further amplified by fluctuations in the VIX index and the leader’s disapproval rating. 

Economic data, such as GDP, inflation, and employment figures, along with changes in interest 
rates and market sentiment, contribute to fluctuations in currency exchange rates. Adjustments 
in a country’s interest rates by its central bank can impact the attractiveness of its currency to 
investors seeking higher returns, thereby influencing currency strengthening or weakening. 
Market sentiment, reflecting the overall mood and outlook of investors, is another significant 
factor in the equation. Optimism about a country’s economic prospects can bolster its currency, 
while pessimism can lead to depreciation and increased volatility. 

4.1.2 Specific events 

In early 2018, all three countries experienced relatively low unemployment rates, while their 
inflation rates exhibited an upward trend. China’s unemployment rate witnessed a notable surge 
from less than four percent to over five percent, indicating potential challenges in its labor mar-
ket. Meanwhile, both the United States and Japan maintained steady unemployment rates at 
around four percent, reflecting relative stability in their respective job markets. Additionally, 
during this period, inflation rates in China, Japan, and the United States all increased, albeit by 
varying amounts. These similar domestic economic conditions at the beginning of 2018 con-
tributed to a positively correlated exchange rate relationship between the Chinese yuan (CNY), 
the US dollar (USD), and the Japanese yen (JPY). In other words, when the value of one cur-
rency increased, the values of the other currencies tended to rise as well, reinforcing their inter-
dependence and shared economic linkages. 

The outbreak of the COVID-19 pandemic in 2019 and early 2020 had a profound impact on the 
global economy, leading to significant changes in the economic conditions of the three coun-
tries. As the pandemic spread, China’s inflation and unemployment rates experienced substan-
tial rises due to the economic disruptions caused by lockdowns and restrictions. The measures 
implemented to contain the virus’s spread had notable implications for China’s labor market 
and overall economic activity. Similarly, the United States experienced a sharp and unprece-
dented increase in unemployment rates, reaching levels above 15 percent. The widespread job 
losses were a direct consequence of the pandemic’s severe impact on businesses and various 
industries. In contrast, Japan, being relatively less affected by the virus compared to the US and 
China, saw relatively stable unemployment and inflation rates, indicating a more resilient eco-
nomic performance during this challenging period. 

Throughout the specified decade, the USD/JPY exchange rate exhibited notably higher volatil-
ity, which can be attributed in part to the impact of Abenomics, an economic policy introduced 
by Japanese Prime Minister Shinzo Abe in late 2012. Abenomics aimed to address Japan’s eco-
nomic challenges, including deflation, stagnant growth, and a strong yen, through three main 



 

“arrows”: monetary easing, fiscal stimulus, and structural reforms. The effects of Abenomics 
on the USD/JPY exchange rate can be explained as follows: 

Monetary Easing Measures: Under Abenomics, the Bank of Japan implemented aggressive 
monetary easing measures, including quantitative easing and purchasing government bonds, to 
increase the money supply and create a low-interest-rate environment. Consequently, the Japa-
nese yen weakened relative to the US dollar, leading to an appreciation of the USD/JPY ex-
change rate. This made one US dollar capable of purchasing more yen, supporting Japan’s ex-
port competitiveness. 

Inflation Target: As part of Abenomics, the Bank of Japan committed to raising the inflation 
target to 2 percent. This commitment further contributed to the depreciation of the yen. Investors 
anticipated that a higher inflation target would result in more monetary easing, leading to a 
weaker currency. This, in turn, added to the appreciation of the USD/JPY exchange rate, as the 
yen’s value declined relative to the US dollar. 

Additionally, the uncertainty surrounding the UK’s Brexit referendum in June 2016 had a nota-
ble impact on the USD/JPY exchange rate. The uncertainty over the outcome of the referendum 
led investors to seek safe-haven assets, causing an appreciation of the Japanese yen against the 
US dollar. The perceived safe-haven status of the yen reinforced its demand and contributed to 
fluctuations in the USD/JPY exchange rate during the period leading up to and after the refer-
endum. 

Moreover, the outbreak of the COVID-19 pandemic in early 2020 induced widespread uncer-
tainty and risk aversion among investors, leading to a surge in demand for safe-haven assets like 
the Japanese yen. Consequently, the yen appreciated against the US dollar, resulting in increased 
exchange rate volatility. The disruptions caused by the pandemic in global trade, supply chains, 
and economic activities further added to the fluctuations in the exchange rate during this period. 
In conclusion, the increased exchange rate volatility between the US dollar and the Japanese 
yen during the specified decade can be attributed to the combined effects of Abenomics and its 
monetary policies, the uncertainty and safe-haven demand triggered by Brexit, and the global 
risk aversion driven by the COVID-19 pandemic. These complex and interrelated factors sig-
nificantly influenced the USD/JPY exchange rate, warranting close attention and analysis for 
traders and investors during the period under review. 



 

 

Fig. 2. Correlation of Exchange Rate Between 3 markets [Owner-draw]. 

 

Fig. 3. GDP Growth, Inflation and Unemployment Rate (2013-2023). 



 

4.2 Analysis correlation of exchange rate 

4.2.1 Data Analysis 

Figure 2 shows the correlation between the three market exchange rates from 2013 to 2023, with 
the blue line representing the correlation between the Japan-China exchange rate and the Japan-
US exchange rate, the orange line representing the correlation between the Sino-Japanese ex-
change rate and the Sino-US exchange rate, and the green line representing the correlation be-
tween the US-Japan exchange rate and the US-China exchange rate. From Figure 3, we can see 
that the orange line and the green line go in roughly the same direction, while the blue line goes 
in a slightly different direction from the other two. 

Figure 3 shows GDP growth, inflation, and unemployment for China, the United States, and 
Japan from 2013 to 2023, with the blue line for China, the orange line for the United States, and 
the grey line for Japan. On the GDP growth chart, we can see that the blue line is the highest, 
the second is the orange line, the grey line is the lowest, and the trend of the three lines is 
basically the same. In the inflation chart, we can see that the three lines are not in the same 
direction, where the grey line is more stable, and the blue and orange lines are more variable. In 
the unemployment rate plot, the orange line is higher, the blue line and the grey line are lower, 
and the trend is downward. 

Table 3. Three countries’ economic data [Owner-draw]. 

Coun-
try 

Name 

Coun-
try 

Code 

Indica-
tor 

Name 

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 

China CHN Unem-
ploy-
ment, 
total 
(% of 
total 
labor 
force) 
(na-

tional 
esti-

mate) 

4.05 4.1 3.8 4 3.9 4.93 5.15 5.61 5.11 5.62 

United 
States 

USA Unem-
ploy-
ment, 
total 
(% of 
total 
labor 
force) 
(na-

tional 
esti-

mate) 

7.37 6.17 5.28 4.87 4.36 3.9 3.67 8.05 5.35 3.65 

Japan JPN Unem-
ploy-
ment, 
total 
(% of 
total 
labor 
force) 
(na-

tional 
esti-

mate) 

4.04 3.59 3.39 3.13 2.82 2.47 2.35 2.81 2.83 2.6 

             

Coun-
try 

Name 

Coun-
try 

Code 

Indica-
tor 

Name 

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 



 

China CHN GDP 
growth 

(an-
nual 
%) 

7.766 7.4258 7.0413 6.8487 6.9472 6.7498 5.9505 2.2386 8.4475 2.9908 

United 
States 

USA GDP 
growth 

(an-
nual 
%) 

1.8419 2.2878 2.7064 1.6675 2.2419 2.9454 2.9444 -
2.7678 

5.9455 2.0616 

Japan JPN GDP 
growth 

(an-
nual 
%) 

2.0051 0.2962 1.5606 0.7538 1.675 0.6433 -
0.4022 

-
4.2786 

2.1424 1.0286 

             

Coun-
try 

Name 

Coun-
try 

Code 

Indica-
tor 

Name 

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 

China CHN Infla-
tion, 
GDP 
defla-

tor 
(an-
nual 
%) 

2.1633 1.0311 -
0.0029 

1.4073 4.2327 3.4997 1.2867 0.4925 4.5533 2.2473 

United 
States 

USA Infla-
tion, 
GDP 
defla-

tor 
(an-
nual 
%) 

1.7509 1.8699 1.0005 1.0022 1.8996 2.4041 1.7939 1.3049 4.4928 7.0053 

Japan JPN Infla-
tion, 
GDP 
defla-

tor 
(an-
nual 
%) 

-
0.3544 

1.6863 2.1112 0.4199 -
0.0743 

-
0.0002 

0.6348 0.9442 -
0.2275 

0.2445 

 
Table 3 shows that, in 2018, the unemployment rates in all three countries were relatively low 
than in other years. China’s unemployment rate is growing from less than 4% to nearly 5%. 
Meanwhile, the U.S. unemployment rate stabilized at around 4%. And Japan’s unemployment 
rate for 2018 stayed at a steady value of around 3%. At the same time, the inflation rate in all 
three countries, China, Japan, and the United States, rose by some amount in early 2018. Turning 
to GDP, China’s robust GDP growth of 6.74% with the United States 2.94% and Japan’s 0.64%. 
According to Table 3 in 2020, the unemployment rate of China is about 5.61%, while the U.S. 
unemployment rate experienced a sharp increase, reaching levels above 8%, and Japan with 
2.81%. The GDP growth is all decreased in three countries. And the inflation rate is low in three 
countries, 2.23%, -2.76%, -4.27% respectively. 

4.3 Year-Specific Discussions 

4.3.1 In 2014 

The currency exchange rate is defined as the price of the currency from one country against the 
currency of another country so that the exchange rate can be valued or expressed in the currency 
of another country [5]. Fexco International Payments lists inflation, political stability, and terms 
of trade as the major causes of the change in currency exchange rate [1]. Kartono et al. also 
confirm a relationship between the GDP and the exchange rate [5]. In Table 1, it can be seen 
that in 2014, the correlation between orange, green and blue lines was high, exceeding 0.5. From 



 

the macro analysis, it is affected by the economic cycle. In 2014, China’s economy continued 
to grow, with increased demand for exports to Japan and the United States. While the economies 
of Japan and the United States are recovering, demand for Chinese goods has also increased. 
The second is influenced by policy. In 2014, the Chinese government introduced a series of 
policies to promote exports, which made the prices of Chinese goods in Japan and the United 
States relatively lower, and the export demand for Japan and the United States increased [15]. 
Therefore, the correlation between the China-Japan market and the China-US market increased 
in 2014. For exports and imports, the relationship between exchange rate fluctuations and trade 
is reversed. The reasons for the high correlation can be analysed according to Table 3 of GDP 
growth, inflation and unemployment rate. In 2014, China’s GDP growth rate was 7.4%, and the 
GDP growth rate of the United States and Japan showed an upward trend [2]. It can be seen that 
the economic development of the United States, Japan and China is developing in a good direc-
tion. The second is inflation. In 2014, inflation in China, Japan and the United States did not 
exceed 2%. Inflation is low, market prices are stable and the value of the currency is stable, so 
the exchange rate between the two is positive [3]. The third chart is the change in the unemploy-
ment rate. As can be seen from this chart, the unemployment rate of the three countries showed 
a downward trend in 2014, indicating that the market economy of the three countries is devel-
oping well. From these three aspects, it can be seen that the exchange rate between the US dollar 
and the Japanese yen is positively correlated, the exchange rate between RMB and the Japanese 
yen is positively correlated, and the exchange rate between the US dollar and Japanese yen is 
positively correlated, so the correlation between blue, orange and green lines becomes higher in 
Table 1 of 2014. 

4.3.2 In 2016 

In Figure 2, the orange and green lines have become higher since 2016. The higher orange line 
indicates that the correlation between the exchange rate of Japan-China and the exchange rate 
of China-US is higher, and the higher green line indicates that the correlation between the ex-
change rate of Japan-US and the exchange rate of the United States and China is higher. From 
the macro analysis, in 2016, China’s economy slowed down, which may lead to Chinese capital 
outflows in search of better returns [4]. That could make Chinese investors more inclined to 
invest their money in overseas markets, including the U.S. and Japan. This could lead to an 
increased correlation between the Chinese and Japanese markets. At the same time, in 2016, 
Sino-US trade relations were tense, which could lead to an increased correlation between Chi-
nese and US markets [15]. If the trade relationship between the two countries is tense, then the 
markets between them may affect each other. For example, if trade frictions between the two 
countries intensify, it could cause the stock prices of some companies to fall, which could affect 
their trading in both markets. According to the analysis of Figure 2, in 2016, China’s GDP 
growth rate was relatively high, at 6.7%, while Japan and the United States GDP growth rate 
was relatively low, at about 2% [2]. However, the GDP growth rate of Japan and the United 
States had a slight increase, so the national economic development was growing. As can be seen 
from the inflation chart, the inflation rate of these three countries is very low, within the normal 
range, so price fluctuations are not large, and market stability is conducive to economic devel-
opment [3]. China’s inflation rate is higher than that of the United States and Japan, so the 
exchange rate of the yuan against the dollar and the yen has depreciated to some extent, but it 
has moved in the same direction. So, the correlation between them is relatively high. As can be 
seen from the picture of the unemployment rate, the unemployment rate of the three countries 
showed a downward trend in 2016, but the unemployment rate of China was relatively high, at 
5%. From the information in these charts, the RMB depreciated slightly at that time, while the 



 

yen and US dollar appreciated, and the appreciation rate of the yen was greater than that of the 
US dollar. Therefore, the exchange rate between them is changing in a positive way. Therefore, 
in Table 1 of 2016, the orange and green lines become higher. 

4.3.3 In 2018 

During 2018, the unemployment rate affected the volatility of the currency exchange rate by 
consumer confidence. High levels of unemployment can lead to a decline in consumer confi-
dence, as people become less optimistic about their job prospects and spending power. This can 
lead to a reduction in consumer spending, which can slow economic growth and lead to a weaker 
currency. A weaker currency can increase volatility in the currency exchange rate, as investors 
may become more hesitant to invest in the currency if they perceive it to be less stable. When a 
country has a high inflation rate, the purchasing power of its currency decreases, which means 
that it can buy fewer goods and services. This makes the country’s exports less attractive to 
foreign buyers, as they will have to pay more for the same goods in the country’s currency. As 
a result, the demand for the country’s currency decreases, which leads to a decrease in its ex-
change rate relative to other currencies. Turning to GDP growth in Table 3, China’s robust GDP 
growth of 6.5 %s may increase investor confidence in the country’s economy, leading to higher 
foreign investment and demand for the CNY. As a result, the exchange rate of the CNY against 
the JPY and the USD may strengthen. This could lead to a positive correlation between the 
CNY/JPY and CNY/USD exchange rates. This proves that the domestic economic situation of 
all three countries was basically similar at the beginning of 2018, so their currency exchange 
rate relationship was positively correlated during this period. This led to a positively correlated 
exchange rate relationship between China, Japan and the United States during this period. Ac-
cording to the research, conclude that “the effect of the U.S.-China trade war on the dependences 
of EUR-CNY is apparently muted” [10]. The EUR-CNY dependence continues to fluctuating 
with a slightly upward trend in the post-war period. And for Japan, which is not directly exposed 
to the trade war between China and the U.S., we expect appreciation in JPY and lower depend-
encies with CNY because of the hedging attribute of JPY.” 

4.3.4 In 2020 

In 2020, the COVID-19 pandemic had a severe impact on the global economy, leading to sig-
nificant changes in the economic conditions of these countries. According to Table 3, China’s 
inflation rate and unemployment rate both saw significant rises, likely due to the economic dis-
ruption caused by lockdowns and restrictions. Similarly, the U.S. unemployment rate experi-
enced a sharp increase, reaching levels above 8 %s, due to widespread job losses caused by the 
pandemic’s impact on businesses. Narayan reveals that the Covid-19 pandemic has a temporary 
effect on the shock to the Yen-US ex-change rate [9]. Japan, being less affected by the covid-
19, saw relatively stable unemployment and inflation rates. The significant changes in economic 
indicators and unemployment rates in China and the U.S. during this period could have led to a 
negative correlation in the exchange rate relationship between these countries. A negative cor-
relation means that when the value of one currency increases, the value of the other currency 
tends to decrease. This suggests that during the pandemic, while the exchange rates of the USD 
and JPY remained stable or strengthened, the exchange rate between the RMB and USD moved 
in the opposite direction, likely weakening relative to the USD. Japan’s GDP growth rate of 1 
% suggests moderate economic expansion. While the JPY might not experience significant ap-
preciation or depreciation, it could still respond to global economic trends and changes in in-
vestor sentiment. The exchange rate of the JPY against the CNY and USD may remain relatively 



 

stable, resulting in a weaker correlation with other currencies. It’s important to note that ex-
change rate correlations are influenced by multiple factors, and GDP growth is just one of them. 
Other economic indicators, interest rates, trade balances, and political events also play signifi-
cant roles in shaping the exchange rate relationships between these countries. 

4.4 Results from Ridge Model 

In this section, we present the results of the analysis using the Ridge regression model to study 
the correlation between currency pairs in the foreign exchange (forex) market. The Ridge re-
gression model has been widely used in financial analysis due to its ability to handle multicol-
linearity and potentially improve predictive accuracy. The objective here is to assess the corre-
lation structure among different currency pairs and gain insights into their interactions. 

4.4.1 Correlation Analysis 

We applied the Ridge regression model to study the correlation among currency pairs. The 
model allows us to quantify the strength and direction of relationships between exchange rates 
while controlling for potential confounding variables. The resulting coefficients provide insights 
into the impact of each currency pair on the others. 

4.4.2 Results and Interpretation 

In this work, the analysis revealed several interesting findings regarding currency pair correla-
tions (see Figure 4, Figure 5, Figure 6). The Ridge model coefficients indicate the relative im-
portance of each currency pair in predicting the exchange rates of other pairs. Positive coeffi-
cients suggest a positive correlation, while negative coefficients indicate a negative correlation. 

 

Fig. 4. Ridge coef for CNY-JPY and USD-CNY [Owner-draw]. 



 

 

Fig. 5. Ridge coef for CNY-JPY and USD-JNY [Owner-draw]. 

 

Fig. 6. Ridge coef for USD-JPY and USD-CNY [Owner-draw]. 

We observed that in each of the three correlations, the USD-CNY exchange rate plays the most 
important role in this loop of market, and it makes a positive correlation with the CNY-JPY and 
USD-JPY markets, and shows a negative correlation with the other two pairs of markets (see 
Figure 4, Figure 6). Furthermore, the Ridge model allowed us to identify currency pairs that 
have a significant impact on the overall forex market dynamics, which is the USD-CNY market, 
showing that it may act as leading indicators for market movements or serve as useful inputs for 
future predictive models. In this section, the paper presented the results of the analysis using the 



 

Ridge regression model to study currency pair correlations in the forex market. The model pro-
vided valuable insights into the relationships among different currency pairs, contributing to a 
better understanding of market dynamics and potential trading strategies. The next section will 
discuss the implications of the findings and provide concluding remarks for the study. 

5 Conclusion 

This paper presents an analysis illustrating exchange rate volatility among the US dollar, Chi-
nese yuan, and Japanese yen over a ten-year period (June 2013 to June 2023). The graph high-
lights significant fluctuations in exchange rates between the three major currencies, with politi-
cal events, social statements, economic data, and market sentiment playing significant roles. In 
2018, China experienced low unemployment rates and inflation rates, while the US and Japan 
maintained steady unemployment rates. The COVID-19 pandemic in 2019 and 2020 signifi-
cantly impacted the global economy, leading to increased unemployment and inflation rates. 
The USD/JPY exchange rate exhibited higher volatility during this period due to the impact of 
Abenomics, which aimed to address Japan’s economic challenges through monetary easing, 
fiscal stimulus, and structural reforms. The uncertainty surrounding the UK’s Brexit referendum 
in 2016 also contributed to the exchange rate fluctuations. To explain the correlations between 
each of the markets, this paper also presents a statistical regression model to analyze the com-
ponents of the Forex market and their own significance of the role in each correlation set of 
data. And the result shows that the USD-CNY currency exchange market plays the most im-
portant role, both positively and negatively, in the three correlation relationships we discussed 
in the paper. Taken together, these findings add substantially to our understanding of currency 
exchange rates are influenced by factors such as inflation, political stability, and terms of trade. 
This article also outlines the results of the analysis of the relationship between currency ex-
change rate fluctuations among the three countries in four time points, 2014, 2016, 2018, and 
2020. In 2014, the correlation between orange, green, and blue lines was high, exceeding 0.5, 
due to China’s economic growth, policy initiatives, and stable inflation rates. The US dollar, 
Japanese yen, RMB, and US dollar exchange rates showed positive correlations, indicating good 
market economy development. In 2016, the correlation between Japan-China, China-US, and 
the United States and China was higher than in 2016, due to China’s slowdown, tense Sino-US 
trade relations, and the relatively high GDP growth rate of China at 6.7%. The unemployment 
rate in China was relatively high at 5%, indicating a positive correlation between the three coun-
tries. In 2020, the COVID-19 pandemic significantly impacted the global economy, leading to 
significant changes in economic conditions. China’s inflation and unemployment rates both saw 
significant rises, while the U.S. unemployment rate experienced a sharp increase. Japan, being 
less affected by the pandemic, saw relatively stable unemployment and inflation rates. The Yen-
US exchange rate was temporarily affected by the pandemic, with Japan experiencing relatively 
stable unemployment and inflation rates. 
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