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Abstract: In this study, based on the characteristics of the ARIMA models and ETS models, 
respectively, that the former focuses more on autocorrelation between data, while the latter 
focuses more on trends and seasonality of data sets. These two forms of models are used to 
forecast the USD/CNY exchange rate. This study used the monthly average USD/CNY 
exchange rate from January 2010 to June 2023, which taken from the website of the China 
Foreign Exchange Trade System (CFETS) , which data is provided by People's Bank of China, 
and used computer software to forecast and test the results using each model. Ultimately, it 
was found that the forecasts using the Autoregressive Integrated Moving Average (ARIMA) 
and Exponential Smoothing (ETS) models, were close to each other, with both showing a 
flattening trend over the long term. In the short term, ETS(M, Ad, N) forecasts an upward 
trend in the USD/CNY exchange rate while ARIMA(0,1,2) forecasts an almost flat trend. 
ARIMA (0,1,2) forecasts that the USD/CNY exchange rate shown the shape that finally 
stabilized at around 6.85, while ETS (M, Ad, N) forecasts around 7.6, and comparatively 
ARIMA model gives more reliable forecasts on the test set, and fit the training set better. This 
study compares the accuracy of the ETS model and the ARIMA model in fitting and 
subsequently forecasting the USD/CNY exchange rate for the period 2010-2023. Future 
research could build on this by discussing the impact of particular specific events and policies 
on the forecasts at this stage and experimenting with optimization. 
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1. Introduction 

1.1. Research Background and Significance  

Over the past decade, the global economy has gone through phases of recovery and stabilization as 
well as turbulence and challenges, especially as the spread of global epidemics in 2020 and the 
Russian-Ukrainian war starting in 2021 have also added new factors of instability to global economic 
development. China and the United States, as two very important economies and consumer markets 
in this decade, have a significant impact on global economic development, coupled with the 
occurrence of a trade war between China and the United States have had an impact on the USD/CNY 
exchange rate market. According to Escudero et al., to paraphrase, Governments, financial 
organizations, and investors place a high premium on forecasting the future behavior of currency 
pairs because they use this information to assess the state of a nation's economy and decide whether 
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to buy and sell products and services there [1]. With increasing uncertainty in the world's Foreign 
Exchange Market (FEM), market participants, traders, and policymakers alike have become more 
concerned about exchange rate volatility and developments. The requirement to accurately predict 
the value of the USD/CNY exchange rate is a very complex and difficult task, because of the complex 
couplings that it is subject to. The exchange rate is not only subject to market-level coupling and 
macro-level coupling, which are interrelated with financial markets and economic fundamentals, 
respectively but also faces deep coupling resulting from the interactions between the above two 
couplings. It is also worth noting that the exchange rate between different currencies over a given 
period of time is one of the fundamental elements of a country's economy and is very important for 
accurate forecasting of exchange rate movements in both academia and industry [2]. In summary, it 
is meaningful to forecast the exchange rate of USD/CNY using ARIMA and ETS models forecast. 

1.2. Literature Review 

A time series is a category of data that is continuously tracked through time, typically with the use of 
a time series model. The unemployment rate, stock prices, sales demand, birth rate, temperature, and 
website traffic are a few examples of time series. Time series forecasting is an intriguing field for 
academics and businesspeople [3]. Time series forecasting techniques are typically chosen over 
explanatory or mixed models for predicting for a number of reasons. For instance, they can be helpful 
in modeling complex systems since, unlike explanatory models, there is no compulsory requirement 
for these time-series models to forecasts or predict the forthcoming values of various indicators in 
order to forecast the parameter of concern. Moreover, time series forecasting techniques can generate 
higher-quality results than explanatory or mixed models [4]. Both the ETS and the ARIMA models 
are common time series models. They can be used in many different sectors. Among the traditional 
parametric methods learned by linear regression are ARIMA and ETS [5]. To find patterns and model 
components, the ARIMA technique, fundamental statistics, autocorrelation function (ACF), partial 
autocorrelation function (PACF), and transformations are used. This model offers least-squares and 
maximum likelihood estimates, and it is validated using graphs, ACF, and PACF of the residuals. 
Use the model if it is accurate; otherwise, return to the first step. Finally, the method utilizes 
confidence intervals and straightforward statistics to forecast and monitor the model's performance 
[6]. Since its introduction in the late 1950s, the Exponential smoothing method has received much 
attention and practice, and has provided the basis and inspiration for a number of renowned predictive 
models. The underlying logic of exponential smoothing for forecasting is the calculation of a 
weighted average of previous data set [7]. In this model, the algorithm is given greater weight for the 
more proximate data is given [8]. Such a forecasting approach has proven its value and credibility in 
academic and industrial practice [9].  

This study focuses on forecasting and analyzing the future trend of the USD/CNY exchange rate 
based on the monthly average USD/CNY exchange rate from January 2010 to June 2023. There are 
three main steps of this research, the observation of the original time-series data set and pre-
processing, the selecting and exerting of the ARIMA models and the selecting and exerting of the 
ETS models 

2. Method 

2.1. Models Selection 

There are two main form of methods that will be used within this study, the ETS models and ARIMA 
models, to forecast the exchange rate between USD/CNY. Both of them are classical and reliable 
regression methods for time-series models forecasting, that can generate result for varied data sets 
among wide range of industries, however, there are also differences in the main focus of the two 

Proceedings of the 2nd International Conference on Financial Technology and Business Analysis
DOI: 10.54254/2754-1169/48/20230457

239



 

models that allow the combination and cooperation between the two to provide complementary 
approaches to the problem, since the prior way focused on the autocorrelations in the data group and 
the latter one is more based on the trend and seasonality of the data [10].  

To be specific, the ARIMA Models contain two main parts, autoregressive and moving-average 
models. The autoregressive models can forecast the interested variable with a group of previous 
parameters of the variable, which can be interpreting as regression of variable about itself. The second 
part, moving –average models with its great advantages in terms of flexibility. Moving average 
models, on the other hand, exploiting errors in the previous model for a new regression-like process. 
Combining the above two components allows ARIMA models to be more accurate, forecasting more 
complex and uncertainty-laden time series models.  

ETS models, as mentioned previously, are more focused on following and forecasting the trend 
and seasonality of the previous information. The most fitted ETS model in time series with different 
characteristics in the error, trend, and seasonality dimensions can be different. ETS models, as 
described by the exponential smoothing method, give more weight to later parameters in order to 
more accurately and more meaningfully model the time series data. more significant simulation of 
the time series data. 

In this study, both of these methods will used. Meanwhile, the average value method, naive method, 
and seasonal naive method will also be mentioned and involved in analyzing and forecasting the 
exchange rate data.  

2.2. Data Collection and Pre-processing 

All data used and processed in this study are taken from the website of the CFETS (“CNY Central 
Parity Rate - CFETS”). The data range of this study began in January 2010 to June 2023, and appears 
in the form of monthly average. 

All market makers receive an inquiry from CFETS on the morning of the business day, before the 
opening of the business, regarding the USD/CNY exchange rate for the day, as stated on the CFETS 
websites that PBC allowed. It is only after this step that the median price of the RMB against USD is 
determined. According to the transaction volumes of the various markets, the CFETS determines the 
weights, and finally providing the specific result [11].  

Given that this data source is published on the official website, is continuously updated on a daily 
basis, and appears to have no significant bias in the data, this data source is considered credible and 
has been used for this study. 

2.3. Applications of the Models 

According to the observation of the time series behavior graphically presented below, there is no 
obvious pattern over time, and there is no one average value that all the peaks in this data set are 
concentrated around. The time-series behavior graphically presented in figure 1 indicates this is a 
random time series.  
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Figure 1: Plot of the USD/CNY exchange rate from January, 2010 to June, 2023.  

In the period analysis, the minimum value of this time series was achieved in April 2014, the 
USD/CNY exchange rate was 6.1043, and the maximum value achieved at 7.1628 in November 2022. 
The mean value, in this data set, from January 2010 to June 2023 is 6.559. According to Figure 2, the 
forecast value of the exchange rate from mean, which comes with residuals with p-value much less 
than 0.01.   

 
Figure 2: Plot of forecasts using average method.  

As for naive model and seasonal naive model, the results are show Figures 3-4. From both the 
seasonal naive model and the cooperation of residuals from both models can clearly indicates the 
seasonality of the original time-series data. 
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Figure 3: Plot of forecasts using naive method.  

  
Figure 4: Plot of forecasts using seasonal naive method.  

2.4. Applications of the ARIMA Models  

Modeling procedures of ARIMA models in this study include analyzing ACF and PACF; differencing 
data; estimating parameters in the model; and forecasting with R. Before using or testing any specific 
models, a unit root test was first performed, which revealed that a unit root existed, which can be seen 
an indication for an unstable group set. After a second-order differencing of the data, both the p-value 
and L-Jung Box test result fall below 0.01, which indicates the data set is suitable for ARIMA 
forecasting.  

The ARIMA model suitable for forecasting the training data set was determined to be 
ARIMA(0,1,2), detailed data is shown in table 1. The model also has a residual P-value that is less 
than 0.05, proving its suitability. 
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Table 1: ARIMA(0,1,2) Model’s estimation results. 

Coefficients MA(1) MA(2) 
 0.5263 0.1643 

s.e. 0.0801 0.0851 
AIC AICc BIC 

-451.95 -451.79 -442.74 

2.5. Applications of the ETS Models  

Modelling procedures of ETS models in this study include analysing the Error, Trend, and Seasonality 
of the data set; estimating parameters in the model; and forecasting with R. 

Through computer software simulation, ETS(M,Ad,N) was identified as the fitted model, detailed 
data is shown in table 2. Through residuals test, this judgment can be confirmed. 

Table 2: ETS(M,Ad,N) Model’s estimation results. 

Smoothing parameters alpha beta 

 0.9992 0.6145 

Parameters AIC AICc 
 -75.40726 -74.86532 

3. Result 

3.1. Result of the ARIMA Model 

Using the monthly average exchange rate of USD/CNY, based on the forecast of ARIMA (0,1,2), the 
predicted exchange rate of USD/CNY is 6.8661, 6.8588 and 6.8588 in July 2023, January 2024 and 
June 2024, respectively. There is an extremely slight decrease in the beginning part of the forecast 
and reminds constant after that. The minimum value is 6.2206 in June 2024, the lower 95% boundary, 
and the maximum value occurs in June 2024, 7.4969, which is the higher 95% boundary. Also, if 
practicing the same method in the long run, the value will appear to be finally stabilized at around 
6.8588 (in Figure 5).  

 
Figure 5: Plot of forecasts from ARIMA(0,1,2) model.  
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3.2. Result of the ETS Model 

Based on the forecast given by ETS(M,Ad,N) model, the predicted exchange rate of USD/CNY is 
7.2431, 7.5205 and 7.5867 in July 2023, January 2024 and June 2024, respectively. There is an overall 
increasing in the exchange rate with negative second-order derivatives shown through the graph. Thus, 
the minimum value of the exchange rate of USD/CNY is 6.3663 in June 2024, the lower 95% 
boundary, and the maximum value occurs in June 2024, 8.8072, which is the higher 95% boundary. 
Also, if practicing the same method in the long run, the value will appear to be finally stabilized at 
around 7.6 (in Figure 6). 

 
Figure 6: Plot of forecasts from ETS (M,Ad,N) model.  

4. Discussion  

According to the above results, the forecasting effect of ETS model and ARIMA model on the USD/ 
CNY exchange rate, in the short term, the ETS model demonstrates an upward trend while ARIMA 
remains almost level. In the long run, both models converge to level, with the ETS model predicting 
a higher exchange rate than the ARIMA model (in Figure 7-8). 

 
Figure 7: Plot of forecasts from ARIMA(0,1,2) model in the long run.  
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Figure 8: Plot of forecasts from ETS(M,Ad,N) model in the long run.  

The ARIMA model chosen for this study reflects the fact that the time series data used in the 
prediction model does not have a lag number by itself and requires first order differencing to obtain 
a stable series, and uses a second order lag number of prediction errors in the prediction model. The 
ETS model chosen represents the use of an Additive damped trend method with multiplicative errors. 

Table 3: Errors measures for both models. 

Model Set RMSE MAE MAPE MASE 
ARIMA(0,1,2) Training Set 0.0568446 0.0370719 0.557208 0.1425068 

 Test Set 0.1542361 0.1188440 1.695507 0.4568437 
ETS(M,Ad,N) Training Set 0.05883832 0.03774266 0.5669959 0.145085 

 Test Set 0.19982177 0.15741042 2.2464733 0.605095 

Overall, in this study, the ARIMA model gives relatively more reliable forecasts on the test set,and 
fit the training set a little bit better, according to the table 3. 

It is finally concluded that the exchange rate of the USD/CNY will gradually level off and 
eventually stabilize at around 7. 

At the same time, there are still deficiencies and contingent influences that have not been 
completely eliminated in this study. Firstly, the time series models used in this study are the very 
classical ETS and ARIMA models, and Long Short-Term Memory or other popular deep learning 
models are not considered, which should be further examined. In addition, this study only 
independently considered the change in the exchange rate of the USD/CNY from 2010 to June 2023 
and based on this forecast. In real life, the exchange rate will be affected by the fiscal policy of the 
two governments and the monetary policy of the two central banks, and all of the above influences 
may influence the result. Finally, a global pandemic beginning in late 2019 and a Russian-Ukrainian 
war beginning in 2022 also have some impact on the exchange rate for both the U.S. and China. The 
time period in which COVID-19 would have a serious impact in both the U.S. and China and the 
differences in the responses taken by the two governments are also considered potential influences 
on the exchange rate. All of the above potential influences have not been considered individually, and 
subsequent studies could also develop more detailed studies and forecasts based on the above factors. 
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5. Conclusion 

The world economic and political situation was once in a state of relative stability over the previous 
period, but influenced by the huge blow of the COVID-19 virus since the beginning of the 2020's and 
the shock of the Russo-Ukrainian war that began in 2021. In such times, the United States and China, 
as large economies and consumer markets, have also undergone important developments and changes, 
as the United States has adjusted its monetary policy since the 2008 financial crisis and China has 
begun to experience an economic transition from high-speed growth to a search for high-quality 
development. The exchange rate, as a measure of the value of one currency against another, is a very 
important economic parameter that partially reflects the economic development of a country. An 
appropriate and stable exchange rate is the goal of many countries, while exchange rate volatility is 
also a main factor to be assessed in the financial market. This study, which forecasts the USD/CNY 
exchange rate, provides a basis and reference for individual and collective decision-making, as well 
as a basis for studying and understanding the economic development of the United States and China. 
Two classical time series models, ETS models and ARIMA models, were used in this study. This 
study extracts the monthly average USD/CNY exchange rate for the period 2010-2023, which is 
obtained from the website of the CFETS. This study investigated the autocorrelation between the data, 
trend, seasonality and error of the data sets respectively and selected two models ARIMA(0,1,2) and 
ETS(M, Ad, N) for forecasting the time series data sets through software simulation. The study finds 
that according to the forecasts derived from both ETS models and ARIMA models, the result will 
flatten out in the future and remain stable at around 7 in the long run. Comparatively, the ETS models 
suggest that the result will remain higher at around 7.6, while the ARIMA models forecast that the 
exchange rate will remain at around 6.85. There are still many issues not covered in this study, 
including the specific impact of the epidemic on the Chinese and U.S. economies and the cycle of 
impact, the monetary policy adjustments of the Federal Reserve and the Chinese central bank, as well 
as the impact on both sides of the war in the face of Russia-Ukraine cannot be fully determined, and 
the post-epidemic era, coupled with the continued development of Russia-Ukraine war, the potential 
for economic turmoil will require further research to participate in the discussion. 
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