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Abstract

COVID-19 has shaken the current rules of economic globalisation and as a major
player in the world economy China must seek changes in its foreign trade and
economic strategy. The focus of this study is to explore the impact of the epidemic
on China’s imports and exports and to compare the magnitude of the impact of
the three factors - logistics, investment and exchange rate - on it. The paper
employs quantitative analysis, using R and Eviews to analyse Chinese import and
export data, an analysis that focuses strongly on findings that are contrary to
previous laws of economics. The analysis finds that changes in the source of orders
and restrictions in international logistics have had the greatest impact on China’s
foreign trade. Finally, the analysis leads to countermeasures such as switching
exports to domestic sales, fixing international logistics as soon as possible, and
showing China’s reliable means of prevention to attract foreign investment, as well

as pointing out the shortcomings of the analysis.
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Chapter 1
Introduction

The COVID-19 which began in early 2020 as a sudden international public health
pandemic, has had a major impact on the world economy and globalization. To
this day, countries are still struggling to find a solution to the epidemic. Although
national vaccination programmes are on track, the highly infectious and mutable
nature of the COVID-19 has led to recurrent outbreaks. In some of the world’s ma-
jor developed economies, the outbreak is still relatively severe, and work stoppages
and city closures have even had to be imposed to stop the spread of the epidemic
(Fu&McMahon,2021). This may be an effective initiative, but it comes at the cost

of slowing down economic development and even giving up some of the space for it.

The important impact of the pandemic on the world economy is also reflected
in the issue of economic globalization, which is an important direction in assessing
the consequences of the spread of this epidemic. The transnational production
chains that depend on the import and export of raw materials and intermediate
goods have been devastated by the impact of national embargo policies. Accord-
ing to the International Civil Aviation Organization (ICAQO), for example, the
overall decline in global shipping volume in the first quarter of 2020, when the
outbreak began, was 39%-41%, with economic losses of around 4 to 5 billion dol-
lars (ICAO,2021). In 2021, when the epidemic has recovered to some extent, it

will also be very difficult to coordinate the pace of the resumption of work and
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production and sales by multinational chains, due to the different stages of the

epidemic’s spread, extent and response methods.

1.1 Research Background

According to the World Integrated Trade Solutions (WITS) database, China’s par-
ticipation in global industrial chains exceeded 50% as early as 2017 (WITS,2021).
On 5 March 2020, Japanese Prime Minister Shinzo Abe stated at a conference
on future investment in relation to growth strategies that Japan needed to try
to gradually move back to its home country those chains that were more depen-
dent on China(Jain,A,2021). The Trump administration made a similar policy
request at the same time. The severe and recurring epidemic has made many
economists pessimistic about the future development of economic globalization,
which is why governments have started to gradually relocate transnational indus-
trial chains back into the country(Xing, 2021). All of the above realities indicate
that the attitude and demands for restructuring of economic globalization in many
developed countries in the wake of the epidemic are already evident, and that
global chains that used to be dominated by multinational enterprises from devel-
oped countries will undergo a violent reduction in size and change in form due to
strategic contraction, reduced incentives, and a tendency for inward orientation of
the population(Fu&McMahon,2021).

What needs to be emphasized is that economic globalization remains a major
trend in economic development. Therefore, as an important member of the in-
dustrial chain, China must not return to an inward-looking economic trend in line
with the reverse trend of economic globalization. This means that a new foreign
trade strategy needs to be developed in response to the existing global economic

situation.
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1.2 Research aims and objectives

In this study, the ARIMA and VECM models were used to attempt an exploratory
analysis of the impact of the epidemic on China’s import and export data. The
objective is to compare the trend and magnitude of changes in actual net exports
compared to forecasts in order to determine the strength of the impact of the
epidemic. In more depth, we explore which factors were affected by the epidemic
and thus indirectly affected the import and export situation, and the magnitude of
the impact of these factors on imports and exports. Through the above findings,

we will also attempt to provide some recommendations for China’s future export.

1.3 Dissertation Structure

In Section 3.1, we use monthly net export data from January 2010-December 2019
to forecast net exports from January 2020-June 2020 through an ARIMA model.
This involves a time series stationarity and autocorrelation test, model sizing and
testing, and a final time series forecast. the first half of 2020 is when the domestic
epidemic in China is at its worst, and we expect a large difference between the
forecast results obtained and the actual values, which is a reflection of the epidemic
shock.

A five-dimensional time series is created in Section 3.2 using monthly data on
total imports and exports, foreign trade cargo throughput, foreign industry-wide
investment, PMI index and weighted exchange rates for January 2019-June 2021.
Impulse response tests and variance decompositions are conducted through VECM
models to compare the magnitude of the effects of the latter four on total imports

and exports.
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Method

2.1 Data

The dataset used in this paper corresponds to the official monthly statistical re-
sults released by the government. The net export data used in the ARIMA model
is from the National Bureau of Statistics of China (2021) and contains monthly
data from January 2010 to January 2020.The total imports and exports (Na-
tional Bureau of Statistics,2021), foreign industry-wide investment (Ministry of
Commerce of China,2021), PMI index (National Bureau of Statistics,2021) and
weighted exchange rate (State Administration of Foreign Exchange,2021) contain
monthly data from January 2019 - June 2021. The main modelling tools for the

data are R and Eviews.

2.2 Model

2.2.1 Autoregressive Integrated Moving Average(ARIMA )Model

The ARIMA model consists of an autoregressive (AR) process combined with a
moving average (MA) process and can be considered as a composite model of a
time series(Alam,2019). It consists of three components, AR, I and MA, with AR

denoting the autoregressive model, MA denoting the moving average model, and
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I denoting a single integer order. A certain number of non-stationary series will
show the properties of a stationary series after differencing(Elsaraiti,M,2021). The
ARIMA model is based on the principle of transforming a non-stationary series
into a stationary series by differencing, and then regressing the dependent variable
on its lagged values only and on the present and lagged values of the random error

term.

The ARIMA (p,d,q) model is obtained by adding an autoregressive (AR) model
of order p to a Moving Average (MA) model of order ¢, and formally defined as:

®(B)VIX; = O(B)e,
E(g) =0, Var (g;) = 02, F (g465) = 0,5 # t (2.1)
E (X)) =0,VYs <t

Vli=(1-B)%®B)=1-0,B—--—0,BP, is the autoregressive coefficient
polynomial of the stationary reversible ARMA (p,q) model;©(B) = 1 -6, B —
---—0, B, is the moving average coefficient polynomial of the stationary reversible
ARMA (p,q) model. (p,d,q) denote the autoregressive order, the difference order
and the moving average order respectively(Elsaraiti,M,2021). The sequence after
differencing of order d can be expressed as:
d
VX, =) (-1 Chay (2.2)

=0

C’flis the weighted sum of a number of sequence values for which the differenced

sequence is equal to the original sequence. Thus, (2.1) can be simplified as:

ViX, =

€t (2.3)

where{e; }is a zero-mean white noise sequence. In the pre-processing of the data, it
was found that the time series contained very little seasonal influence and therefore
could be predicted using the ARIMA model(Zhang,2021).
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2.2.2 Vector Error Correction(VECM)Model

For a VAR model, if there are r cointegration relations for the n-dimensional
vector ypn:,there must be its corresponding VECM model form. For the higher

order autoregressive case, the VECM model takes the form of:

p—1
AYy =7Yp_1+ Z mAY; 1+ e (2.4)

i=1
mY;_1is the error correction term(Zhang,2021). For a matrix 7 of rank equal to r
here, further define twon x rmatrices and that satisfym = a3’. where represents
a matrix consisting of r covariates and represents a matrix consisting of speed

adjustment coefficients. Hence, the VECM model can also be expressed as:

p—1
AY; = afYi 1+ Y mAYi 1 +e (2.5)
=1

B'Y;_1denotes the r cointegrating relationships between sequences of n-dimensional
vectorsyy,, (Zhang&Hu,2010).

The parameter vectors in the VECM model reflect the rate of adjustment to bring
the equilibrium relationship between the variables back to equilibrium when it de-
viates from the long-run equilibrium, hence the name adjustment parameter array
or correction parameter array. The vector of coefficients on all the difference terms
used as explanatory variables responds to the effect of short-run fluctuations in
each variable on the short-run changes in the variables used as explanatory vari-

ables.

The cointegration test indicates the existence of a long-run equilibrium relationship
between the variables, however equilibrium is non-constant in real economic data.
Therefore, how to repair short-run deviations from equilibrium to equilibrium is the
question that needs to be investigated in the VECM model(Davidson&MacKinnon,1993).
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This chapter plans to use the ARIMA model to forecast net exports for the first
half of 2020, which is a preliminary look at imports and exports, and from there
discuss the impact of the epidemic on imports and exports. For ease of operation
in R, we have set January 2010 as the first month and so on up to December 2019

as the 120st month.



Chapter 3

Empirical analysis

3.1 Forecasting China’s net exports based on
ARIMA model

3.1.1 Stationarity and autocorrelation tests

According to the principles of time series modelling, the first step is to analyse
the stationarity of the data above. If the sample time series is stationary, then
the fitted curve of the sample can continue in its current form ”inertia” for some
time to come. Determining the stationarity of the sample series is therefore a
primary requirement for modelling(Zhuravka&Filatova,2020). Stationarity can be
initially determined by plotting time series, autocorrelation plots, etc. If the series
is shown to be stable, then the ARMA model can be fitted directly; if the series
shows non- stationary characteristics, then the ARIMA model is considered for
fitting(Tyagi&Shah,2021).

For ease of operation in R, we have set January 2010 as the first month and

so on up to December 2019 as the 120st month. First make a time series plot of
the data:

13
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Figure 3.1: Plot of net exports January 2010-December 2019

From the time series plot, it can be evidenced that there is a slow growing long-
term trend in the series, which is initially judged to be an unstable series requiring
a score checking operation. As the ARIMA model contains an autoregressive (AR)
model, which is a prediction based on data that is already available, it is required
that the data must be autocorrelated. The autocorrelation of the series is next
determined by the autocorrelation (ACF) test.
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Figure 3.2: Autocorrelogram of net exports

Figure 3.2 indicates that the autocorrelation coefficients of the series are all located
on the side of the zero axis, and are basically well above the 2 times standard
deviation range, so it can be judged that the series is a non-stationary series with
a certain monotonic trend. It can be judged that the ARMA model cannot be

implemented directly and a difference operation is required for the series.

3.1.2 Data processing
Perform first-order difference operation on the sequence:

Vl‘t = Tt — Tt—1 (31)

Then draw the sequence diagram:
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Figure 3.3: Plot of net exports after 1st order differencing

It can be observed that the series is basically stable and fluctuates around the
zero axis, and is initially judged to have been transformed into a a stationary
series(Siami-Namini& Tavakoli,2018). The following autocorrelation (ACF) test
and partial autocorrelation (PACF) test were used again to determine the station-

arity of the series.
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Figure 3.4: Autocorrelogram of net exports after 1st order differencing
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Figure 3.5: Partial autocorrelation diagram of net exports after 1st order
differencing

Figures 3.4 and 3.5 indicate that the autocorrelation values and partial autocorre-

lation values after 1 order of lag are largely within the 2 times standard deviation
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boundary. Although there are outliers at orders 10-15, the singular values that
are isolated and do not significantly exceed the boundary values do not affect the
stability determination. In summary, it can be considered that the series tends
to be stationary after the 1st order difference. Finally, a unit root (ADF) test is
performed on the series to verify the final stationarity. The original hypothesis is
that the series has a unit root, i.e. the series is non-stationary. The results of the

unit root (ADF) test are as follows:

= ADF
Augmented Dickey-Fuller Test
data: tsdata.l

Dickey-Fuller = -8.0825, Lag order = 4, p-value = 0.01
alternative hypothesis: stationary

Figure 3.6: ADF test for net exports after 1st order differencing

The original hypothesis is rejected where the p-value = 0.01<0.05 (95% level of
significance), i.e. the series transforms into a stationary series after 1lst order
differencing. At this point, all stationarity tests have been completed and the
series transforms into a stationary series after 1st order differencing. With this,

the autoregressive order p is determined to be 1.

3.1.3 Ordering and fitting of ARIMA model

Order the time series using R:
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= fit
Series: tsdata
ARIMA(1,1,1)

Coefficients:
arl mal
0.2687 -0.8732
s.e, 0.1069 0.0514

sigmatr2 estimated as 2.178e+14: Tog likeliheood=-2132.69
ATC=4271. 38 ATCC=4271.59 BIC=4279.72

Figure 3.7: ARIMA model fixed order results

It can be established that an ARIMA (1, 1, 1) model with an autoregressive order
p of 1, a difference order d of 1 and a moving average order ¢ of 1 can be built
through the series. The accuracy of the ARIMA (1, 1, 1) model fit was tested

using the accuracy function and the results were as follows

Table 3.1: Accuracy function fit results

result ME RMSE MAE MPE
Training set | 1316748 | 14570953 | 10121432 | -8.035198

result MAPE MASE ACF1 NA
Training set | 120.1774 | 0.830474 | -0.01585518 NA

The MASE from the outcome of the accuracy function is taken as the main
reference indicator. When the mean absolute error (MAE) is used as an indicator
of the accuracy of the model prediction, when MASE>1, the prediction for out-
of-sample is much worse than the plain prediction for the sample itself, i.e. the
prediction value for out-of-sample is undesirable. For the test results of this model,
MASE=0.83<1, which shows that the accuracy of the model prediction is within

the acceptable range.

3.1.4 Model testing

The validity of the fitted model is also tested as necessary before the model is
formally utilised for prediction. In this section the normality of the model is

examined by plotting a quantile-quantile plot and the white noise of the residual
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series is examined using the Ljung-Box function(Farooqi,2014). The normality

test was first performed and the results are shown below.

Normal Q-Q Plot
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Figure 3.8: Q-Qplot

As can be noted from Figure 3.8, despite some deviations in the earlier period,
the results are largely distributed on the 45° quantile and essentially conform to
a normal distribution. The model was then tested using the tsidiag function and

the results were as follows.
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Figure 3.9: Result of tsidiag() function

As can be noticed from the figure, despite the presence of individual singular values,
the standard deviation of the residuals largely remained within the range of [-1,1],
the autoregressive values of the residuals were all close to 0, and the p-values of
the Ljung-Box test were all well above 0.05. Therefore, the model was judged to
be a high level of fit. At this stage, all tests of the ARIMA model are completed

and the model is considered to be a satisfactory fit for forecasting.

3.1.5 Prediction with ARITMA model

With the construction and testing of the model completed, the model was next
used to make forecasts. For ease of representation, in the modelling process we
have represented the months January 2010 - December 2019 in the form of the
1st, 2nd, ...... and 120th months. In the ARIMA model we therefore forecast the

values for the next six periods, i.e. months 121 to 126, which represent the values
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of net exports from January 2020 to June 2020. The forecasts are as shown below.

= fTorecast(fit, &)

Point Forecast Lo 80 Hi 80 Lo 95 Hi 95
121 40988735 22077420 59900050 12066375 69911095
122 39317100 18580147 59654053 §214415 70419786
123 38867937 18058599 59677275 7042800 70693074
124 38747248 17631626 59862871 6453690 71040807
125 38714820 17333277 60096362 6014572 714135067

126 38706106 17071085 60341128 5618196 71794016
1

Figure 3.10: Net export forecast for the first half of 2020(1)

Forecasts from ARIMA(1,1,1)
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Figure 3.11: Net export forecast for the first half of 2020(2)

3.1.6 Analysis of predicted results

A comparison of the predicted results with the actual data produces the following

figures:
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Figure 3.12: Results of comparison of predicted and actual values (balance
represents actual values, pre-balance represents predicted values)

As can be appreciated from the figure, the ARIMA model predicts that the value
of net exports in the first half of 2020 remains at a relatively large scale of over
US$35,000 million and shows a very flat downward trend. This indicates that
China’s import and export trade remains as active as in previous years and con-
tinues its export-oriented economic policy. In contrast, the value of real net exports
has shown great volatility. In particular, it fell to a low of -62,119 million USD
in February 2020. This is a very rare situation in China’s long-term export and
import trade. This phenomenon is linked tightly to the covid-19 outbreak that
exploded in the first half of the year. In December 2019, multiple cases of viral
pneumonia began to emerge in Wuhan, Hubei Province, China. The outbreak has
since begun to spread at an alarming rate, with 40,235 cases confirmed and 909
deaths in China as of 10 February (National Health Commission of the PRC,2021).
In order to stop the further spread of the epidemic, the government took swift and
vigorous measures, including locking down cities, halting work and production, and
imposing strict traffic controls. As a result the actual net exports in February were

the month that differed most from forecasts, with export trade almost suspended
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and instead large quantities of medical supplies were imported to ease the pressure
of the epidemic, resulting in a negative net export value. The epidemic has since
been reversed, and after April the nationwide closure was lifted and production
began to resume. By this time, however, COVID-19 had begun to spread globally
and China’s foreign trade shifted from importing to exporting supplies, so that the
net export value in April and May even exceeded the forecast(Tyagi&Shah,2021).
As of June 2021, the epidemic has still not been eliminated globally, and it is clear
that the global economy will still have to live with COVID-19 for a considerable
period of time. As a result, China’s foreign trade has to think about the future

direction of its transformation after this crushing blow.

3.2 A further examination based on the VECM
model

On the basis of the results of the ARIMA model, we can clearly perceive the fierce
impact of the epidemic on foreign trade. Despite the pessimism of economic glob-
alisation, it is undeniable that globalisation is still an inexorable trend and that
it is almost impossible for countries to return to a self-production and self-selling
model(McKibbin&Fernando,2020). It is therefore a matter for all countries to con-
sider how to adjust their foreign trade strategies in the face of a future that is likely
to coexist with the COVID-19 virus in the long term. This chapter selects several
factors that are closely related to import and export trade, explores the strength
of their impact on China’s imports and exports, and then discusses what strategies

China should adopt to participate in economic globalisation in the future.

3.2.1 Variable selection and data sources

This study uses monthly time series data for the econometric analysis. To avoid
the effects of pseudo-regressions caused by heteroskedasticity, the data for selected

indicators are logarithmically treated.
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1.Predicted variable The sample was selected from the current values of to-
tal imports and exports (US$ million) from January 2019 to June 2021 published
by the Ministry of Commerce of China(2021), and is denoted by Y in subsequent

citations.

2.Explanatory variable Since the Chinese government quickly adopted a robust
epidemic prevention policy the outbreak was brief in scale within China, until
April 2020 there was less than 40 new confirmed cases per day in China (Na-
tional Health Commission of the PRC,2021). However, the pandemic situation
varies widely across the country, with small outbreaks still occurring in individual
provinces. At the moment, the COVID-19 is intensifying globally and the epidemic
situation varies from country to country. Therefore, a direct analysis of China’s
import and export situation using data related to the epidemic is difficult to reflect
the true situation. This study considers the impact of the epidemic on China’s
imports and exports by examining the indirect impact of the epidemic. The im-
pact of the epidemic on the economy is multifaceted, and combining the factors
that have a greater impact on net exports, this paper focuses on three explanatory

variables, including logistics, investment and exchange rate.

(1)Selection of logistics indicators. The impact of an epidemic on logistics is most
obvious. In order to prevent the spread of epidemics across borders, countries
have imposed certain restrictions on cross-border logistics, such as airline bans, re-
strictions on the variety of goods and severe sterilisation restrictions. At the same
time, cross-border logistics is an integral part of foreign trade. For the sake of ease
of access to indicator data, the current value of foreign trade cargo throughput
(million tonnes) (National Bureau of Statistics,2021), denoted by X1, has been

chosen as a measure of international logistics.

(2)Selection of investment indicators. The epidemic has restricted the movement
of people and goods between countries and, more seriously, the disruption of cross-

border logistics caused by the epidemic has led to a dismal assessment of overseas
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investment in some countries. As the epidemic spread, nationalism began to show
a resurgence(Albertoni&Wise,2021), with many countries planning to relocate pro-
duction lines of important industries back home. In summary, the strength of an
economy’s outward investment can visually reflect its assessment of and attitude
towards the future of economic globalization. Therefore, regarding the measure
of investment, this paper first selects the amount of China’s outward all-industry
investment (Ministry of Commerce of China,2021), denoted by X2. Compared to
the financial sector, the non-financial sector has been hit harder by geographical
constraints due to the epidemic. Therefore, manufacturing-related indicators are
also able to capture the impact of China’s imports and exports. The Purchasing
Managers’ Index (PMI), as an important macroeconomic indicator, is a more com-
prehensive response to economic conditions and also has a strong forward-looking
effect on exports. In this paper, the Purchasing Managers’ Index (PMI) is chosen
as the second indicator in terms of investment (National Bureau of Statistics,2021),
denoted by X3.

(3)Selection of exchange rate indicators. In the survey conducted by the United
Nations Conference on Trade and Development (UNCTAD)(2021), the four economies
with which China’s foreign trade is most closely linked and their shares are as fol-

lows:

Table 3.2: The four economies most affected by China’s slowdown through
global value chains

Country Proportion
European Union 15.597
United States 5.779
Japan 5.187
Korea,Republic of 3.816
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Figure 3.13: Proportion of EU, US, Japan and Korea in China’s total imports
and exports(National Bureau of Statistics,2021)

As seen from the above two figures, these four economies are inextricably linked
to the degree of China’s foreign trade prosperity. firstly, the monthly average of
the daily median exchange rates released by the Chinese Foreign Exchange Bureau
(2021) was selected. And then the magnitude of the impact in Figure 3.15 was
used as the weight, and the weighted average of the exchange rates of the Euro,
US Dollar, Japanese Yen and Korean Won against the RMB was used, with the
final weighted exchange rate obtained as the sample series The exchange rate data

used (using the direct mark-up method), is denoted by X4.

Table 3.3: Variable description table

Variable Economic meaning
Y total imports and exports
X1 foreign trade cargo throughput
X2 foreign industry-wide investment
X3 PMI index
X3 weighted exchange rate
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3.2.2 Descriptive statistics and correlation analysis

Table 3.4: Descriptive statistics

Variable LNX1 LNX2 LNX3 LNX4 LNY
Mean 10.52279 | 4.645674 | 3.961169 | 6.466402 | 8.280574
Median 10.51843 | 4.598145 | 3.977811 | 6.467242 | 8.284504
Maximum 10.617 | 5.390897 | 4.01998 | 6.484553 | 8.539542
Minimum | 10.32299 | 4.252772 | 3.363842 | 6.440632 | 7.709308
Std.Dev. 0.072287 | 0.232458 | 0.114295 | 0.012509 | 0.170293
Observations 30 30 30 30 30
Table 3.5: Correlation analysis
Variable | LNX1 LNX2 LNX3 LNX4 | LNY
LNX1 1 NA NA NA NA
LNX2 | 0.549331 1 NA NA NA
LNX3 | 0.563789 | 0.329473 1 NA NA
LNX4 | 0.413361 | 0.429316 | 0.029002 1 NA
LNY | 0.823206 | 0.615585 | 0.685732 | 0.206609 1
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Through analysis of covariance, the correlation coefficients of LnY with LnX1,

LnX2, LnX3 and LnX4 were obtained as 0.8232, 0.6156, 0.6857 and 0.2066 respec-
tively, among which the correlation coefficients with LnX1, LnX2 and LnX3 were
relatively large, and the preliminary judgment was that the correlation between Y

and X1, X2 and X3 was more significant.

3.2.3 Stability test

The Augmented Dickey-Fuller (ADF) Test was applied to the above variables in
three test forms to test for stationarity, if the p-value was 5% then the series was

stationary, otherwise it was not. The results of the tests are as follows:
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Table 3.6: ADF test result
Variable | Test forms | ADF statistic | 5% significant | p-value | Conclusion
LnY (C,T,0) -4.170069 -3.574244 0.013800 | stationarity
LnX1 (C,0,1) -2.095339 -2.971853 0.247800 | unstationarity
LnX2 (C,T)1) -4.708061 -3.580623 0.004100 | stationarity
LnX3 (C,0,0) -5.129871 -2.967767 0.000300 | stationarity
LnX4 (C,0,0) -2.498396 -2.967767 0.126200 | unstationarity
D(LnY) | (0,0,0) -8.299949 -1.953381 0.000000 | stationarity
D(LnX1) | (0,0,0) -12.306460 -1.953381 0.000000 | stationarity
D(LnX2) | (0,0,1) -6.901908 -1.953858 0.000000 | stationarity
D(LnX3) | (0,0,0) -8.826863 -1.953381 0.000000 | stationarity
D(LnX4) | (0,0,0) ~5.025924 ~1.953381 0.000000 | stationarity

D indicates difference; ADF test form (C, T, L) indicates (intercept, time trend,

lag order); lags are selected based on the principle of minimum AIC and SC; results

are tested at the 5 % significance level. It can be found that the original series

LnX1,Lnx4 are non-stationary, but after the first-order difference treatment, they

all become stationary at the 5% level of significance, so the above five variables

are all single integers of the first order.

3.2.4 Determining optimal lag order

The results of the unit root test show that all five variables obey the I(1) process

after taking logarithms as described above. The analysis of the lag order is as

follows:

LogL LR FPE AIC sC HQ
213.4518 NA 6.09e-13* -13.95939* -12.75955*  -13.60262*
2327285 2427427 1.10e-12 -13.53544 -11.13574 -12.82188
254 4537 1931131 2.36e-12 -13.29286 -9.693318 -12.22253

Figure 3.14: Optimal lag order of the VAR model (* indicates that it was
chosen by this judgment criterion)
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The optimal lag order is 1 for accordance with the 5 detection criteria of LR, FPE,
AIC, SC and HQ.

3.2.5 Johansen test

To determine whether there is a long-run equilibrium relationship between the
variables, this paper uses the Johansen cointegration test for each set of data to

see the number of cointegrating equations that may be available:

Unrestricted Cointegration Rank Test (Trace)

Hypothesized Trace 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.™
Mone * 0.772154 89.73594 69.81889 0.0006
Atmost1* 0.583454 48.32157 47.85613 0.0452
At most 2 0.382123 23.80032 29.79707 0.2090
Atmost3 0.218038 10.31927 15.49471 0.2570
Atmost4 0.115379 3.432680 3.841466 0.0639

Figure 3.15: Trace test result(* denotes rejection of the hypothesis at the
0.05 level)

Unrestricted Cointegration Rank Test (Maximum Eigenvalue)

Hypothesized Max-Eigen 0.05
Mo. of CE(s) Eigenvalue Statistic Critical Value Prob.**
MNone * 0.772154 41.41437 33.87687 0.0052
At most 1 0.583454 2452126 2758434 0.1176
At most 2 0.382123 13.48105 21.13162 0.4090
At most 3 0.218038 6.886590 14.26460 0.5026
At most 4 0.115379 3.432680 3.841466 0.0639

Figure 3.16: Maximum characteristic root test results(* denotes rejection of
the hypothesis at the 0.05 level)

In accordance with the choice of test accuracy, at least one co-integration equation
exists at the 5% critical value level based on the results of the trace test. Therefore,
there is a co-integration relationship between Y, X1, X2,X3 and X4, and each

variable has a long-run equilibrium relationship.
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3.2.6 Vector Error Correction Model(VECM)

A co-integration relationship is obtained between the variables so that the VECM

model is constructed:

Cointegrating Eq: CointEq1
LNY(-1) 1.000000
LNX1(-1) -12.16992

(3.81205)

[-3.19249]

LNX2(-1) 8.394955
(1.04950)

[ 7.99898]

LINX3(-1) -7.304323
(2.06178)

[-3.54273]

LINX4(-1) -49.09594
(14.9921)

[-3.27479]

C 427.2115

Figure 3.17: VAR model coefficients
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Error Cormrection D{LNY) D(LNX1) D{LNX2) D({LNX3) D{LMNX4)
CointEq1 -0.049927 -0.008960 -0.196556 -0.016004 0.001140
(0.02243) (0.00953) (0.03855) {0.02407) (0.00179)
[-2.22578] [-0.94053] [-5.09860] [-0.66406] [0.63594]
D(LNY{-1)) 0.592433 0267764 0914133 0.951740 -0.028642
(0.31236) (0.13266) (0.53582) (0.33513) (0.02497)
[ 1.89666] [2.01848] [ 1.70286] [2.83989] [-1.14723]
D{LNXA(-1)) -2.245602 -1.102437 -3.035605 -1.867013 0.024947
(0.48197) (0.20469) (0.82833) (0.51712) (0.03852)
[-4.65918] [-5.38582] [-3.66471] [-3.61041] [ 0.64757]
D(LMX2(=1)) 0.180283 0.085823 0.416951 0.012430 0.003434
(0.13401) (0.05691) (0.23031) (0.14378) (0.01071)
[1.34532] [1.50798] [1.81038] [ 0.08645] [ 0.32064]
D{LMNX3(-1)) -0.380752 -0.063202 -0.845864 -0.755118 -0.001267
(0.22755) (0.09664) (0.39107) {0.24414) (0.01819)
[-1.67329] [-0.65401] [-2.16296] [-3.09297] [-0.06966]
D{LMNX4(-1)) 5723379 1983162 6.845827 6701121 -0.082194
(2.64206) (1.12207) (4.54071) (2.83471) (0.21118)
[ 2.16626] [1.76741] [ 1.50765] [2.36395] [-0.28922]
C 0.012879 0.006412 0.007108 -0.012350 0.001580
(0.02220) (0.00943) (0.03816) (0.02382) (0.00177)
[ 0.58004] [0.68011] [ 0.18627] [0.51842] [0.87924]
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Figure 3.18: VECM parameter estimates (values in parentheses are t-

statistics)

From Figure 3.17-Figure 3.18, the VECM model takes the form of

LNY = —-1216Ln X1+ 8.39Ln X2 — 7.30Ln X3 — 49.09 LnX 4 4 427.21

(3.2)

As seen in Figures3.18, the adjusted coefficient for total exports and imports (-

0.0499) is negative, so it is not statistically significant and does not have much im-

pact on repairing the equilibrium. The coefficients of foreign trade goods through-

put, foreign investment and PMI index are -0.0089, -0.1965 and -0.016 respectively,

all negative, indicating a drift towards disequilibrium(Zhang&Hu,2010). The coef-

ficient of 0.0011 for weighted foreign exchange provides the strength of the impact

of the shift towards equilibrium.
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Inverse Roots of AR Characteristic Polynomial
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Figure 3.19: Discriminating the stability of the VECM model(1)
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Root Modulus
1.000000 1.000000
1.000000 1.000000
1.000000 1.000000
1.000000 1.000000

-0.144095 - 0.527166i 0.546505
-0.144095 + 0.527166i 0.546505
-0.478395 0.478395
-0.284636 - 0.331887i 0.437226
-0.284636 + 0.331887i 0.437226
-0.124550 0.124550

Figure 3.20: Discriminating the stability of the VECM model(2)(VECM
specification imposes 4 unit root(s).)

As shown in Figure 3.19-Figure 3.20, all the eigenvalues of the accompanying
matrix fall within the unit circle, except for the unit root assumed by the VECM

model itself, so the model is stationary.

3.2.7 Dynamic impact analysis: impulse response anal-
ysis

The impulse response function can be used as a time-domain description of the

system’s characteristic properties, analysing the impact on the system’s dynamics

when the model is subjected to some kind of shock. It describes the effect that a

shock to a variable has on the current and future values of the model’s endogenous

variables, and can also be interpreted as the effect of a standard deviation shock

on the endogenous variables. The impulse response results for the variables in this

paper are as follows:
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Figure 3.21: Response of total imports and exports to foreign trade cargo
throughput

As can be illustrated in Figures3.21, giving a positive shock to foreign trade cargo
throughput has its largest negative impact on total exports and imports in period
2, with a strong positive impact in period 3, and then remains negative and stable
at around equilibrium point -1. The results indicate that there is a negative im-
pact of foreign trade cargo throughput on total exports and imports in the short
term. This result is contrary to previous economic studies, and this phenomenon
needs to be considered in light of the specificity of the sample data. In previous
statistics on total exports and imports, the amount of cross-border transactions
accounted for a significant proportion of the total. However, due to the impact of
the epidemic, China’s domestic industry almost came to a halt and cross-border
logistics were severely restricted, with cross-border goods being mainly donated
medical supplies, which were not counted in the calculation of import and export
amounts(Zikovié& Tomas Zikovié,2014). The negative impact of this anomaly
gradually diminished as the epidemic recovered and normal trade goods regained

a larger proportion.
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Response of LNY to LNX2
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Figure 3.22: Response of total imports and exports to foreign industry-wide
investment

Giving a positive shock to the amount of outward sector-wide investment, its im-
pact on total exports and imports is slightly positive in period 2 and then stays
negative. Of these, the largest negative impact exists in period 3 and then grad-
ually plateaus and stabilises at the equilibrium point of -1. This phenomenon,
which is contrary to previous economic patterns, still stems from the impact of
the epidemic. According to statistics released by China’s Ministry of Commerce,
outward non-financial investment accounted for 93.6% in 2019 and has previously
remained at a similar level. outward non-financial investment fell to 86.3% in
2020 and continued to fall to 75.86% in the first half of 2021 (Ministry of Com-
merce of China,2021). The epidemic has led to significant restrictions on both the
exchange of goods and people across borders(Anh&Song,2021). In addition, the
gradual inward relocation of industrial chains by countries to mitigate the impact
of the epidemic has also contributed to the decline in outward non-financial in-
vestments. Compared to the real economy, financial investments are less affected

by geographical factors and spatial constraints. Therefore, despite the rise in out-
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ward sector-wide investment, the contribution of the real economy transactions
contained therein to total exports and imports is diminishing, ultimately showing

a negative impact.

Response of LNY to LNX3
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Figure 3.23: Response of total imports and exports to PMI index

When the PMI is subject to a positive shock, it has a slight negative impact on
total exports and imports, with only a weak positive impact in period 3. The PMI
is calculated by weighting five diffusion indices, namely the new orders index, the
production index, the employment index, the supplier delivery time index and the
raw material inventory index. The weighting of each index is determined by its
degree of prior influence on the economy and is 30%, 25%, 20%, 15% and 10% re-
spectively. In previous economics studies, the PMI index is an important economic
predictor. When the PMI index is greater than 50, the manufacturing sector can
be considered to be in a period of expansion. At the same time, the PMI index
is also an important indicator for assessing the level of exports and imports, and

when the PMI index is greater than 50, foreign trade and economic exchanges are
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also in a boom phase. The reasons why the forecast results differ from previous
economic patterns, as in Figure 3.23, mainly consider the impact of the epidemic.
Restrictions on cross-border logistics and moves by various domestic relocation
chains have reduced overseas orders. Concerned by these phenomena, the number
of domestic manufacturing firms choosing to trade across borders has decreased.
At the same time, the rapid improvement of the epidemic in China has brought
domestic trading back to active levels. As a result, although the PMI indicates a
buoyant manufacturing sector, the switch in domestic and international trading
partners has led to a decline in total exports and imports(Curran&Jamrisko,2021).
In addition, although having the entire production chain in the same country can
counter the impact of the epidemic, the globalisation of the economy is still an
inexorable trend. Cross-border production chains are effective in reducing costs
and reducing the risk of a single partner and therefore the negative impact of the

PMI on total exports and imports is relatively weak.

Response of LNY to LNX4
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Figure 3.24: Response of total imports and exports to weighted exchange
rate
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Over the period 0-15, the weighted exchange rate continued to have a positive
impact on the growth of total exports and imports. And compared to the other
three variables, the weighted exchange rate has a stronger impact on total exports
and imports. In this paper, the exchange rate is expressed using the direct markup
method, which uses the amount of RMB that can be purchased with 100 units
of foreign currency as the exchange rate value. Thus when the exchange rate
increases, the RMB actually depreciates, at which point the amount of exports
increases and the amount of imports decreases. The results in the graph are
therefore generally consistent with the relationship between exchange rates and

changes in the value of imports and exports.

3.2.8 Dynamic impact analysis: variance decomposi-
tion

To improve the analysis of the importance and contribution of each shock to the
endogenous variables, a further variance decomposition is required. The main
idea behind variance decomposition is to break down the fluctuations in each en-
dogenous variable in the sample series into the components associated with each
explanatory variable in the equation according to their causes. This gives an idea of
the relative importance of each variable to the endogenous variables(Zhang&Hu,2010).
The variance decomposition results represent the degree of contribution made by
the decomposition of the predicted mean squared error of the endogenous variables
into the random shocks to each variable in the model. Where the horizontal axis
represents the number of lags of the effect of the shock (in months) and the vertical
axis represents the contribution (%). The results of the variance decomposition

are shown below:
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Variance Decomposition of LNY
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Figure 3.25: Variance decomposition results(1)
Period  SE LNX1 LNX2 LNX3 LNX4 LNY
1 0048797 2366342 1654064 3976486 0458062  34.45059
2 0060980 9845831 2574182 3856453 4858007  44.15746
3 0078319 1805948 3109871 3550827 5126389  38.19598
4 0085539 1623520 2801300 3689611 4535516 3953187
5 0092665 1531441 2403722 3693016 4612514 4073919
6 0100390 1571047 2032524 3725313 4627137 4037674
7 0107007 1547312 1787272  37.46576 4561583  40.71226
8 0113096 1527772 1606575 3763055 4538247  40.94691
9 0119070 1522606 1447567 37.75623 4528350  41.04179
10 0124720 1515640 1321701  37.86537 4512741 4114379
11 0130093 1508546 1219593  37.95192 4499633 4124339
12 0135268 1503411 1132484 3802609 4490314  41.31700

Cholesky Ordering: LNX1 LNX2 LNX3 LNX4 LNY

Figure 3.26: Variance decomposition results(2)

40

As can be gleaned from Figures 3.25-3.26, the short term imposes positive shocks

on foreign trade goods throughput, foreign industry-wide investment, PMI index
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and weighted exchange rate, with PMI index and foreign trade goods throughput
contributing the most to the change in total exports and imports. They reached
38.02% and 15.03% respectively in the 12th period. The logistics situation is a
fundamental element affecting imports and exports, and the PMI index is an im-
portant indicator for judging the level of imports and exports, so their contribution
is also the largest. Secondly, the contribution of exchange rate to the change of
total import and export reached 4.49%. Previous economics studies have shown
that exchange rates have an intuitive impact on the direction of import and export
transactions. When the national currency depreciates it stimulates consumption
abroad and tightens domestic consumption; an appreciation of the national cur-
rency produces the opposite result. The fact that the explanatory variable is gross
exports and imports rather than net exports masks the change in the direction of
export and import transactions to some extent, but since the two are not in perfect
equilibrium, we can still find the effect of the exchange rate on gross exports and
imports in the variance decomposition results. Finally, the contribution of foreign
sector-wide investment is the smallest, at 1.13%. This is partly due to the fact

that international logistics severely limits outward real economy investment.
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Discussion

4.1 Results analysis

In this report, the ARIMA model and the VECM model are chosen to describe the
changes in China’s exports and imports under the epidemic from a unidimensional
and multidimensional perspective respectively. In Section 3.1, the results of the
ARIMA model based on net export data up to 2020 show that in 2020 China, as
an export-oriented country, continues to have large and stable exports and im-
ports, with net exports remaining at a high level in previous years. However, the
actual statistics show that in February and March, when the epidemic first broke
out, China’s net exports took a huge hit and turned negative, showing an import
orientation, and after April, when the domestic epidemic improved, net exports
returned to positive values and rebounded, exceeding the forecast by 16%. This
comparison clearly demonstrates that the epidemic did have a strong impact on
net exports and that the subsequent rebound was related to a change in China’s
external economic engagement strategy. In Section 3.2, three factors that have
a significant impact on exports and imports are considered: logistics, investment
and exchange rates. Four variables are selected and their magnitude of impact on
export and import volumes is compared through a VECM model. The analysis re-
veals some interesting results that are at odds with the previous laws of economics,

and these anomalous results coincide with the indirect impact of the epidemic on

42
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net exports. On the logistics side, the throughput of foreign trade goods shows
a negative correlation with the value of exports and imports. This anomaly is
somewhat related to the shift in the type of goods imported and exported, from
predominantly economic exchange goods to predominantly anti-epidemic medical
equipment. In terms of investment, foreign sector-wide investment showed a neg-
ative correlation with the volume of imports and exports. This anomaly is related
to the restrictions on international logistics, and although total investment has
increased, the share of financial investment has increased significantly, while in-
vestment in manufacturing, which relies on logistics, has decreased. On the other
hand, the PMI is also negatively correlated with imports and exports as the share
of domestic orders increases due to both logistics and the negative attitude of
other countries towards cross-border transactions. In terms of exchange rates, the
weighted exchange rates obtained by combining the exchange rates of the four
economies with which China has the closest economic ties (EU, USA, Japan and
Korea) continue to show a negative correlation with the value of imports and ex-

ports, in line with the previous pattern of economics.

4.2 Implications

The results of ranking the four variables in descending order of their impact on
the value of imports and exports are: PMI (38.02%), foreign trade cargo through-
put (15.03%), exchange rate (4.49%) and foreign sector-wide investment (1.13%).
These data demonstrate China’s strategy to cope with the epidemic shock: a shift
from an external to a domestic demand-based economy; and a shift from a real
to a non-real economy. In line with this shift, we can derive some strategies for
coping with the epidemic:

(1) Improving income distribution and relying on the domestic economic cycle
to achieve a "market-enhancing chain” strategy. In the past, China’s economic
globalization was export-oriented, taking advantage of the markets offered by the

West. Today’s international environment of counter-globalization makes it increas-
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ingly difficult for China to maintain this strategy. At the same time, with the
rapid improvement of the domestic epidemic, the resurgence of economic growth
and the formation of a domestic mega-market, China’s participation in economic
globalization may need to shift towards the use of domestic demand markets as
an alternative to export orientation, i.e. the future high level of China’s economic
opening may take the form of an economic globalization model based on domestic
demand.

(2) Vaccination and other means to mitigate and control the epidemic and
restore normal operations of international logistics as soon as possible. Logistics
is the foundation of international trade, and the reduction in trade flows due to
logistics stoppages is the main reason why imports and exports have been af-
fected(Milea,2020).

(3) exploiting the direct impact of the exchange rate on exports and imports.
Adjusting the RMB exchange rate to keep it low by adjusting foreign exchange
reserves, buying and selling foreign currency (direct mark-up method), etc., thus
stimulating exports.

(4) Another factor that has affected China’s foreign trade is the export bans
and restrictions imposed by other countries to counteract the impact of the epi-
demic. In response, it is important to take advantage of the "soft power” demon-
strated by the rapid recovery of the domestic manufacturing sector from the epi-
demic, and to use the clusters of industrial chains that have been formed or will
be formed in the country to attract foreign investment, which is the basis for the

global high-end manufacturing chain to settle in China(Pan,2020).



Chapter 5

Conclusion

5.1 Conclusion

China joined the WTO in 2001 and in the two decades since then its position in the
global economy has been on the rise. Part of this dynamic status stems from its
position as an important producer and exporter of consumer goods, and part from
China’s role as a major supplier of intermediate goods in international production
chains. According to statistics, prior to the onset of the new pneumonia crisis,
China was supplying goods for almost 20% of the global intermediate goods trade,
compared to just 4% in 2002(WTO,2021). A reduction in the supply of Chinese
exports could therefore affect the production of any one country, depending on
the extent of its dependence on Chinese exports. WTO statistics show that global
trade in goods continued its weakness in the first quarter of 2020, weakening fur-
ther after being affected by the COVID-19 outbreak (WTO,2021). However the
weakness in global goods is only the initial manifestation of the epidemic, it is the
ensuing changes in the supply and demand side of the world economy that are the
challenges that China needs to seriously consider. In this paper, the ARIMA and
VECM models are used to investigate the impact of the epidemic on imports and
exports, comparing the magnitude of the impact of each factor on foreign trade
and analysing the causes of the anomalies. In addition, a series of countermeasures

are proposed based on the results of the analysis, such as shifting to a domestic

45
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demand-based economy, reducing the spread of COVID-19 and resuming interna-
tional logistics as soon as possible, and showing the excellent performance of the

Chinese economy in the face of the shock to attract foreign investors.

5.2 Limitations

In reaching these conclusions, we still need to acknowledge that there are some
limitations to the study in this paper. This study was conducted during the course
of the ongoing pandemic, and therefore some of the source data have not been fully
established or statistically verified and adjusted. Due to the impact of the pan-
demic, many of the official data released by the government had many missing
values, which prevented their combination with data from previous years to form
a time series. The choice of data for the sample was also somewhat limited, and
we had to discard some data that gave a more intuitive picture of the reality of the

changes. The search for complete foreign data also encountered many difficulties.

5.3 Recommendations

In the following study, an attempt can be made to analyse the relationship be-
tween the direct data of the epidemic (cumulative number of confirmed cases,
daily number of new confirmed cases, etc.) and imports and exports. In the data
selection section of this paper, an attempt was made to analyse the relationship
between epidemic data and imports and exports, however, the results were not
satisfactory due to the small values. Foreign epidemic data is difficult to use due
to the different statistical methods and standards between countries. A combina-
tion of epidemic data and import/export comparisons could be considered in the

next study. Another noteworthy aspect is a more in-depth disaggregation of the
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explanatory variables. Using the PMI index as an example, the changes in the
five calculated indicators are explored and then they are modelled and analysed
in relation to import and export volumes. A more precise determination of the
factors influencing imports and exports can be derived. The statistics demon-
strate the rapid response and flexibility of the Chinese economy in response to
epidemic shocks, and we suggest examining China’s response to previous crises,
such as the 2008 financial crisis, and comparing it with the current one to explore
the strengths and weaknesses of the Chinese economic model in the face of global

economic shocks.
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