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Abstract
This paper focuses on the spillover dynamics of shocks originating in China during the
last twodecades.More specifically, the paper compares the effects of a shock toChina’s
GDP and exchange rate using early 2000s trade patterns with those of two decades
later. We use a global vector autoregressive (GVAR) model as it allows to consider
trade interactions as well as financial linkages through interest rates, stock prices,
and exchange rates. Our results indicate that the shock spillovers from China have
becomemore pronounced over the past two decades.While theworld has becomemore
exposed to China’s economy, it has become more susceptible to Chinese economic
shocks. This paper contributes to the literature by evaluating the dynamics of China’s
spillover effects and highlights the structural changes in trade between major global
trade players.
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1 Introduction

The world has seen the steady rise of China over the past four decades, a remarkable
and undoubtedly unimaginable lifting hundreds of millions out of absolute poverty.
China has transformed from a poor country to an upper-middle-income economy
during the last two decades, and it is projected to become a high-income country
by 2023, two years earlier than its own 14th plan (CEBR report 2021). It is well
understood that trade has played a crucial role in China’s road to prosperity. The
share of China in global trade has increased from less than 1% in the 1970s to about
15% to date and, since 2010, China has become a country with the largest share in
total merchandise imports and exports worldwide (DOI Statistics).1 The remarkable
trend of China’s economic miracle has had a considerable impact on other economies’
growth. China’s trade shares with the USA, Europe, and the rest of the world (ROW)
have changed significantly over the past two decades. China has tripled its trade with
Europe and the ROW, as it has managed to double it with the USA (Table 1). As China
becomes wealthier, with a large share of the world’s trade, an interesting question
is how the role of China’s economy in the world has changed? More specifically,
how have the spillovers of shocks that originated from the Chinese economy evolved
over the years? We know any shocks in economies such as the USA or Europe have
been always significant to the rest of the world. These large economies have played
significant roles in being the dominant economic forces through various channels
including trade, financial, and economic policies. With China gaining more economic
power, how have these economies’ roles changed over the past two decades on the
world stage? Are their economic spillovers as powerful as before? Or have they passed
the baton to China? Has China’s business cycle (if any) become more important to the
world?

While extended research is needed to answer these questions, this paper, narrowly,
focuses on the role of China and tries to see how the Chinese economy has become
more relevant to the world. We follow Dees et al. (2007a) and use a global vector
autoregressive (GVAR) model to assess the economic spillovers of China’s shocks to
the world, especially to the USA, Europe, and a set of other economically significant
countrieswherewe aggregate them in theROW.Particularly,we assess the transmitting
power of China’s shocks to the world economy given its trading pattern twenty years
ago and compare it with themost current trading pattern. The results of this study could
be useful for policymakers and international regulators in understanding the evolving
role of the Chinese economy and its policies. We base our identification strategy on
Chinese import shock literature (Autor et el. 2013), and assume that using the GVAR
model, we can identify the spillovers of China-specific shocks (see Eickmeier and Ng
(2015) and the key results section below).

1 The share of China’s imports in total world imports has increased from 6.2% in 2000 to 14.5% in 2020
(more than two times) while the share of China’s exports in world exports has increased from 3.6% to 10.3%
in 2020 (almost three folds); In 2000, China was 7th largest exporter country, but since 2009 to date, China
has been the world’s second-largest exporter after the US. A similar trend has happened in China’s imports
as it was the 4th largest importer country in 2000, but it has been the largest importer country in the world
since 2005 (DOI statistics).
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Table 1 Trade weight matrix. Source: DoT statistics and authors’ calculations. Each column shows the
trade share of each country with its counterparts

Country A. Trade weight matrix,
2000–2002

B. Trade weight matrix,
2015–2017

China Europe ROW USA China Europe ROW USA

China 0 12.91 11.14 8.85 0 32.43 29.33 19.99

Europe 28.10 0 23.05 28.61 31.67 0 23.79 26.78

ROW 47.47 37.71 0 62.54 43.49 32.89 0 53.23

USA 24.43 49.37 65.81 0 24.84 34.68 46.87 0

The GVAR model provides a comprehensive and transparent framework to study
the spillover effects of different shocks as it captures trade and financial interactions.
In this model, we consider 41 countries, which consist of more than 80% of the world
economy, grouped into two regions (i.e., Europe and the rest of the world), and two
single economies, China and the USA. We investigate the effect of a slowdown in
China as well as a currency devaluation shock, by first assuming a trade pattern in
2000–2002, and then, compare it with an analysis using the 2015–2017 trade pattern.2

The analysis reveals how trade patterns and the structure of economies have changed
the transmission of shocks between countries. We chose 2017 as the cutoff year for
our trade data to exclude the recent trade tensions between the USA and China. While
a fast-growing strand of the literature focuses on spillover effects of shocks using
different methodologies, less attention has been paid to its dynamic over time. This
study contributes to the literature by looking at the dynamics of China’s economic
spillovers, in the context of an integrated model. Our results indicate that the spillovers
of economic shocks originating fromChina have been increased in the last two decades
due to the substantial increasing role of China’s trade and financial linkages in the
world. This is not surprising, but an interesting finding, while the world has become
more exposed to China’s economy through trade and financial channels, at the same
time, it has become more susceptible to Chinese economic shocks.

The paper is structured as follows: we start with a brief description of the global
and regional trade development in the last two decades, we then briefly review the
related literature. The GVAR framework and the details of the data are presented later.
Impulse responses of various shocks to China’s economy with a different choice of
trade weights, and the conclusion of the paper come at the end.

2 Recent development in trade with China

While increasing integration can boost the economy and benefit countries through risk-
sharing and consequently stability, it couldmake countries more vulnerable to external

2 Once we change the trade pattern, the specification of the GVAR model should also change, we have
followed this approach in our analysis.
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shocks. Empirical studies show that more integrated countries are more vulnerable to
external shocks (Frankel and Rose 1998; Baxter and Kouparitsas 2005; Fidrmuc and
Korhonen 2010). This has important implications for conducting fiscal, monetary, and
exchange rate policies for policymakers as well as risk management for banks and
corporations.

As noted by Autor et el. (2013), migration of labors to cities, access to transfers of
technologies, and the sheer presence ofmultinational companies helpedChina to trans-
form from an agrarian isolated economy to a vibrant industrial economic powerhouse.
This market-oriented movement was strengthened by productivity growth in China
(Hsieh and Ossa 2016). China’s remarkable expansion fueled by investment-driven
growth has slowed down recently and the country rebalanced from import-intensive
investment towards consumption (Blagrave and Vesperoni 2018).

Along with a strong trend in global integration, the trade structure and the major
players have changed as well. Fast economic growth in emerging countries, especially
in China, in the last three decades, along with sluggish growth in advanced economies
has changed the global trade pattern. China as one of the world’s fastest growing
economies in the last two decades has established itself as a crucial player in the
global economy. While China’s share of global GDP was less than 2% in 1980, and
3.6% in 2000, it has recently surpassed 17%, making it the second largest country
in terms of contribution to the world’s GDP after the USA with about 27%.3 The
IMF (2020) World Economic Outlook indicated that by 2025, the share of China in
the world GDP would reach 20.3% while that of the USA would shrink to 22.7%.
Furthermore, the UK-based Centre for Economics and Business Research predicted
that China would become the largest economy in 2028. A similar pattern is evident
in the role of China in international trade. Since 2010, China has become the country
with the largest share in total imports and exports worldwide (DoTs Statistics). With
the increasing role of China in global trade, any shocks in China would lead to more
significant effects on other countries.

China’s economic expansion has brought key changes to the composition of
major economies’ trading partners (Table 1). While in 2000–2002, trade with China
accounted for only 8.8% of total US trade, it reached 20% in 2015–2017. The same
trend happened with Europe, where its trade share with China increased from 12.9%
in the early 2000s to almost 33% two decades later, a threefold increase in less than
20 years. A similar pattern has happened to the trade pattern of the ROW with China,
11% of China’s share in 2000–2002 has become almost threefold in 2015–2017. On
the other hand, China has steadily maintained similar composition of its trading part-
ners. For example, it traded 24.4% of its total imports and exports with the USA in
2000–2002, which has roughly stayed at the same order in 2015–2017, and its trade
share with Europe has slightly increased from 28.1 to 31.7% while that of with ROW
slightly decreased from 47.5% in the early 2000s to 43.5% recently.4 Figures 3 and 4
in “Appendix A” provide more details about the trading patterns between China and
other countries.

3 In 1980, it ranked 12th in terms of the largest share in the world GDP and ranked 6th in 2000. See https://
www.theglobaleconomy.com/rankings/gdp_share/
4 These two-trade weight matrices were used in our model as a scheme for identifying the changes in the
trade pattern between China and other countries during the last two decades.
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3 Literature review

As the global economy becomes more integrated, countries are more exposed to the
spillover effects of external shocks. This is highlighted through global economic crises
such as the Asian financial crisis, the Great Financial Crisis, and more recently, the
2020 coronavirus pandemic.

A country-specific shock could transmit to other countries through different chan-
nels including trade and financial linkages. A rise in consumption or investment in
one country could increase imports from trading partners and could boost their GDP
(demand side).5 Empirical studies note that the tighter the interdependency between
countries, the more synchronized the business cycles (Fidrmuc and Korhonen 2010;
Baxter and Kouparitsas 2005; Frankel and Rose 1998).

A fast-growing strand of the literature is focused on the business cycle synchroniza-
tion and spillovers in the last two decades. Different methodologies have been used to
evaluate the spillover effects including simultaneous equations (Imbs 2004), static cor-
relation analysis (Kose et al. 2003), dynamic correlation analysis (Croux et al. 2001;
Fidrmuc and Korhonen 2010), the wavelet-based measure of co-movement (Raihan
et al. 2005; Aguiar-Conraria et al. 2008; Soares 2011), cyclical and synchroniza-
tion measures (Darvas and Szapáry 2008), dynamic factor models (Kose et al. 2012;
Dovern and Roye 2014), factor models (Del Negro 2002; Gross et al. 2016), vector
auto regressions (VARs) or Panel VARs modeled using Bayesian techniques (Szna-
jderska and Kapuściński 2020), and GVARmodels (Dees et al. 2007a, b; Pesaran et al.
2004; Feldkircher and Huber 2016).

In this paper, we use the GVAR model as a practical and traceable framework
to quantitatively analyze the spillovers of China’s shocks on the real GDP of other
countries. The GVAR model has a flexible framework to include several countries
with a relatively large number of domestic and foreign variables and to cover various
potential transmission mechanisms. As a global model, with a trade matrix, which
loops countries together, the GVAR captures direct and indirect effects as well as the
second-round effects through the impact of shocks on trading partners. Moreover,
the GVAR modeling framework has been effectively addressed the common factor
interdependency and co-movement of business cycle across economics (Dees et al.
2007a).

The GVARmodel has been used to evaluate different macroeconomic shocks (Dees
et al. 2007a, b; Pesaran et al. 2004; Chudik and Fratzscher 2011; Backé et al. 2013),
the impact of quantitative easing (Gurara and Ncube 2013), the effect of conventional
and unconventional monetary policies (Böck et al. 2021), effectiveness of Covid-19
fiscal support (Chudik et al. 2021a, b), effects of the financial crisis (Sgherri and
Galesi 2009), oil price shocks (Dees et al. 2007a; Cashin et al. 2014; Galesi and Lom-
bardi 2013), house price shocks (Cesa-Bianchi 2013), credit supply shocks (Eickmeier
and Ng 2015), stress testing of the financial sector (Castrén et al. 2010), the interna-
tional aspects of systemic financial stress shocks (Dovern and Roye 2014), economic
uncertainty (Pfarrhofer 2019), credit risk modeling (Pesaran et al. 2006), China’s

5 Specialization due to trade might lead to a reduction in co-movement between countries’ business cycles
(see Kose et al. 2003).
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GDP growth slowdown and a surge in global financial market volatility (Cashin et al.
2017), forecasting (Pesaran et al. 2009), and counterfactual analysis (Pesaran et al.
2007; Chudik et al. 2021a, b).6

The other stream of the literature related to our paper is to evaluate the spillover
effects of the Chinese economy. Several studies have analyzed the impact of China’s
increasing role in the world on different regions and various sectors by employing
different techniques. Arora and Vamvakidis (2011) by using a panel VAR and VECM
model estimate the effect of a shock in China on 172 countries for the period of
1960–2007. Furceri et al. (2017) assess the effects of China’s growth shocks on the
output of other countries using a static and dynamic model.

Some studies mainly focused on the regional effects of a shock to the Chinese econ-
omy. To name a few, Inoue et al. (2015) investigate the effect of China’s slowdown on
the Asia–Pacific region using a GVARmodel, Li and Xinyi (2018) assess the potential
spillover effects of a shock in China on ASEAN countries using GVAR and the Oxford
macro-econometric model, Aasaavari et al. (2020) study the opportunities and chal-
lenges of China’s rebalancing on Asia and Latin America and the Caribbean countries,
Sznajderska and Kapuściński (2020) assess China’s widening of domestic imbalances
on Southeast Asia and Oceania using the Global VAR model and the Bayesian VAR
models, and Cesa-Bianchi et al. (2012) compare the dynamics of spillovers of China
GDP shock with that of the USA to five large Latin American countries.

Some studies focused on other aspects of China’s shocks. To name a few, a slow-
down of Chinese aggregate demand, a commodity price slump, financial market
corrections, and a devaluation of the Chinese currency on inflation in Europe and
the USA (Metelli and Natoli 2017), the rising Chinese import competition on US
local labor market outcomes such as unemployment, labor force participation and
wages (Autor et al. 2013), the spillover effects of China’s productivity growth (Hsieh
and Ossa 2016), the financial spillovers from China to regional markets (Arslanalp
et al. 2016), the real estate investment slowdown in China (Ahuja and Nabar 2012),
a slowdown in Chinese investment spending (Ahuja and Myrvoda 2012), spillover
effects of China’s Industrial growth on the overall price changes of base metals (Wang
andWang 2019), and the implications of China’s slowdown for international trade and
partner country exports (Blagrave and Vesperoni 2018).

Our study adds to the literature as it estimates how China’s economic influence
(translated in shock spillovers) on other countries has changed over time. To the best
of our knowledge, the closest studies to our paper are Cesa-Bianchi et al. (2012) where
they investigate the dynamic transmission of China’s GDP shock to Latin America,
and Inoue et al. (2015) in which they evaluate China’s GDP shock spillovers on the
Asia–Pacific region. They both find stronger spillover effects during the time.

6 See Chudik and Pesaran (2016) for a survey of GVAR modeling. Cuaresma et al. (2016) address some
advancements in the GVAR modeling including identification of shocks (Eickmeier and Ng 2015), spec-
ification of international linkages (Chudik and Fratzscher 2011, Eickmeier and Ng 2015, Feldkircher and
Huber 2016, Galesi and Sgherri 2013), including the financial matrix alongside the trade matrix (Sgherri
and Galesi 2009, Backé et al. 2013), estimating weight matrices (Gross 2019), and forecasting techniques
(Cuaresma et al. 2016).
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4 Empirical model

In this paper, we use the GVAR model, introduced by Pesaran et al. (2004) and devel-
oped by Dees et al. (2007a). The GVARmodel is a detailed global framework that has
been used to take into account the interactions between countries and to investigate the
relative importance of a diverse source of economic co-movement among countries.
A standard GVAR model includes a number of vector autoregressive (VAR) models
that are augmented by weakly exogenous foreign variables (VARX*)—constructed
using trade weights and the global variables. We follow the literature and assume that
except for the USA, the countries in our model are all small open economies and the
foreign-specific and global variables are weakly exogenous.

In this paper, we constructed a GVAR dataset to include 42 countries and used
the International Financial Statistics (IFS), the World Economic Outlook (WEO), and
the Haver Analytics datasets to cover the periods between Q1-2000 and Q3-2019.7

However, to make the model traceable, we chose China and the USA as individual
countries and grouped the European countries in Europe and the rest of the countries
in the ROW.8 In our model, the vector of country-specific variables represented by
xit=(yit ,π it, eit , qit ,rit ) includes realGDP (yit ), inflation (π it), real exchange rate (eit ),
real equity index (qit ), and nominal interest rates (rit ). We used seasonally adjusted
quarterly GDP in real term as real output; the first difference of the consumer price
index (2010 = 100) as the rate of inflation; the exchange rate of domestic currency
per unit of US dollar as the exchange rate, the Market Share Capital International
(MSCI) as the equity index, and the policy rate or the 3-month treasury bill rate as
the interest rate. We also used quarterly Brent crude oil prices as the global variable
in the model. The detailed information about these variables is described in Appendix
A. The following transformations are used for the variables in the model.

yit = ln(RGDPi t ); πi t = ln(CPIi t+1) − ln(CPIi t ); eit = ln(Eit/CPIi t );
qit = ln(MSCIi t/CPIi t ); rit = 0.25 ∗ ln(1 + Rit/100)

Similarly, the country-specific foreign variables x∗
i t=(y

∗
i t ,π

∗
i t ,e

∗
i t ,q

∗
i t ,r

∗
i t ) were con-

structed by tradeweights, such that x∗
i t = ∑N

J=0 wi j x j t , wherewi j are tradeweights as
in Table 1.9 We used the annual Direction of Trade Statistics (DoTs) from 2000–2017
to construct the tradeweights for all 42 countries in the sample. The tradeweights were
then used to construct foreign variables and to solve the GVAR model. All foreign
variables and log of oil price (Poil∗i t ) were assumed to be weakly exogenous for all
countries/regions except to the USA, as suggested by the literature. For the USA, due

7 WeuseGVARToolbox 2.0 to estimate themodel, available at https://sites.google.com/site/gvarmodelling/
gvar-toolbox.
8 The database includes theUS,China, Europe, andROW.All European countries are grouped in the Europe
region which includes Austria, Belgium, Bulgaria, Switzerland, Cyprus, Czech, Germany, Denmark, Spain,
Estonia, Finland, France, Great Britain, Greece, Croatia, Hungary, Ireland, Italy, Lithuania, Luxemburg,
Latvia, Malta, Netherlands, Norway, Poland, Portugal, Romania, Russia, Slovakia, Slovenia, Sweden, and
Turkey. Australia, Brazil, Canada, India, Indonesia, Japan, Korea, and Mexico determine the rest of the
world region (ROW).
9 The ratio of export plus import over GDP.
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to its important role in the global financial market, the foreign equity index and the real
interest rate of other countries were not included as foreign variables, and the oil price
was considered as an endogenous variable. Table 2 shows a list of all domestic and
foreign variables in the country-specific model. We followed Dees et al. (2007a) and
estimated the GVARmodel in two stages: Once the VARX* models are estimated, we
used the estimated models to solve the GVAR model using the trade weight matrix.

Table 1 shows the trade weight matrix used for the model. Each column shows the
sum of exports and imports of each country/region to the total sum of exports and
imports of that particular country/region. We used trade weights in panels A and B of
Table 1 to estimate two sets of GVAR models. This helped us analyze how China’s
role in the world economy has changed, given its changed trade structure with key
partners.10

After we specified the variables for each country/region, then we examined the
integration properties of domestic, foreign, and global variables of the model. The
unit root test results for all variables at level, first difference, and the second difference
are presented in Tables 7, 8, 9 of “Appendix B”, using both the Augmented Dicky
Fuller (ADF) and Weighted Symmetric (WS) ADF tests as in Park and Fuller (1995).
The number of lags for both testswas chosen by using theAkaike InformationCriterion
(AIC). The results indicate that most domestic and foreign variables are non-stationary
at levels except for inflation. More specifically, real GDP, real equity indices, and real
exchange rates are all I(1) except for China’s real GDP which is I(2). In addition, the
majority of country-specific foreign variables are also I(1) except for inflation.

The individual models were estimated fromQ1-2000 to Q3-2019. The lag structure
was selected by the AIC. In line with other papers in this field, a specification of
VARX*(2,1) for most countries/regions was satisfactory. We then tested each VARX*

model to identify the cointegration relationships and estimated the corresponding
error correction VARX* models. Table 3 summarizes the diagnostic test results which
indicate between 2 and 4 cointegration relations for all countries/regions.

Theweak exogeneity is the key assumption inGVARmodels as it allows the country
models to be estimated individually and then to be solved together. Once the VARX*

models were estimated, we followed Johansen (1992) to test trade-weighted foreign
and the global variables for weak exogeneity. We cannot reject the weak exogeneity
of foreign and global variables for all models except for some variables for the USA.
Table 3 presents the results.

The results of the serial correlation test of the VECMX* residuals are presented in
Table 4 and confirmno serial correlation between residuals in themajority of equations.

One of the main problems in econometrics is the possibility of structural break,
particularly in the large sample size (di Mauro and Smith 2013). Following Dees et al.
(2007a), the structural stability of the estimated coefficients and error variances of
the country-specific VEXMX* was assessed by several tests which are represented in
Table 9 “Appendix B”.

10 We use the trade matrix to construct trade-weighted foreign variables for each country in the model. The
details on how to construct the trade matrix are discussed in Pesaran et al. (2004) and Dees et al. (2007a).
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Table 4 F-Statistics for the serial correlation test of the VECMX* residuals Source: Authors’ calculations

F-stat GDP Inflation Real exchange
rate

Real equity
index

Interest rate Oil price

Panel A: 2000–2002

CHN F(4,59) 2.528 1.727 1.814 2.761* 1.071

EUR F(4,56) 2.537 1.862 0.778 0.610 0.306 1.448

ROW F(4,58) 2.531 0.887 1.338 2.735* 0.775

USA F(4,60) 2.525 1.111 2.949* 1.733 0.303 0.969

Panel B: 2015–2017

CHN F(4,58) 2.531 2.415 2.312 3.599 0.500 2.538

EUR F(4,57) 2.534 0.525 1.342 0.817 1.487 1.416

ROW F(4,57) 2.534 1.050 0.888 0.490 1.703 2.226

USA F(4,60) 2.525 1.284 3.083* 1.566 0.276 0.769

An advantage of the GVAR model is that it allows us to test the contemporaneous
effect between domestic and foreign variables which can be interpreted as impact elas-
ticities.11 The impact elasticity can be interpreted as an indicator of the international
linkage between domestic and foreign variables, the higher the elasticity, the higher the
co-movement between the two variables (Smith and Galesi, 2014). These estimated
elasticities are presented in Table 5. Almost all impact elasticities are significant and
have expected positive signs. For instance, a one percent increase in foreign GDP
will increase China’s GDP by 0.3% in the same quarter. Large elasticities between
domestic and foreign equity prices (around 1 in almost all cases) indicate the strong
co-movements between the stock markets. Some equity price coefficients are slightly
above unity which indicate moderate overreaction to the foreign stock price changes.
As expected, this indicates that contemporaneous financial linkages are strong and
have become stronger over time. The results also show that the elasticity of foreign
inflation is low, except for the USA, where foreign inflation elasticity is much larger,
but the impact has reduced over time. The insignificant and weak contemporaneous
linkages between interest rates indicate low co-movement in monetary policy reac-
tions.

5 Key estimation results

The main advantage of the Global VAR model is that it allows us to evaluate the
dynamic spillovers of various shocks originating in specific countries and regions.
According toEickmeier andNg (2015), the exogeneity assumption in theGAVRmodel
(see Table 3) allows us to identify spillovers across countries without identifying the
structural shocks. To focus more on the main purpose of this paper, we only report the
generalized impulse response functions (GIRFs) of a shock to the real GDP and the
exchange rate of China, using the tradeweight matrices of 2000–2002 and 2015–2017.

11 It is estimated coefficients of domestic variables on the contemporaneous foreign specific variable.
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Table 5 Contemporaneous effects of foreign variables on their domestic counterparts

GDP Inflation Equity Interest rate

Panel A: 2000–2002

China 0.323** 0.289 1.070**

(0.15) (0.18) (0.14)

Europe 0.605** 0.252** 1.180** − 0.117

(0.13) (0.05) (0.09) (0.12)

ROW 0.571** 0.331** 0.179*

(0.18) (0.07) (0.10)

USA 0.534** 1.006**

(0.17) (0.18)

Panel B: 2015–2017

China 0.296* 0.325** 1.184** − 0.010

(0.18) (0.15) (0.14) (0.14)

Europe 0.561** 0.219** 1.134** − 0.251

(0.15) (0.07) (0.08) (0.22)

ROW 0.501** 0.551** 0.870** 0.145

(0.18) (0.08) (0.06) (0.15)

USA 0.543** 0.814**

0.18 0.15

Numbers in the parenthesis are White’s adjusted SE. * and ** indicate statistical significance at 1% and
5% levels, respectively

The GIRFs indicate the dynamics of the transmission of these shocks to different
economies. Figures 1 and 2 present a summary of bootstrap estimates of the GIRFs
and their associated 90% confidence bounds of a shock to China’s real GDP and
China’s real exchange rate in 2000–2002 and 2015–2017. These figures show that
GIRFs quickly settle down in both models, indicating the stability of the models. The
stability of the models is also supported by the eigenvalues and persistent profiles.12

According to Dees et al. (2007a), the rank of the cointegration matrix in the global
model should not exceed the total number of cointegration relations in all individual
models. Our models satisfied these conditions.13

Figure 1 reports the GIRFs of a one negative standard deviation shock to China’s
real GDP. Note that the one standard deviation of China’s real GDP is quite small
(equivalent to a fall of around 0.4% fall in GDP per quarter), which resulted in small
reactions in the model. A fall in China’s GDP has a negative effect in all countries and
they are statistically significant, except for Europe in the 2000–2002model. The results

12 All eigenvalues are equal or less than unity.
13 The total number of cointegration relations is 11 (in 2000–02) and 10 (in 2015–17). Therefore, the
GVARmodel should have at least 7 eigenvalues (i.e., 18–11) in our specification in 2000–02 and at least 10
eigenvalues (i.e., 20–10) in our 2015–17 specification that fall on the unit circle. Both specifications satisfy
the condition. In the 2000–02 model, 7 eigenvalues equal to unity and the remaining 33 eigenvalues having
moduli all less than one, these numbers are equal to 10 and 29 in our 2015–17 specification.
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Fig. 1 Generalized impulse responses of a one standard error shock (-) to China real output on real output
across countries

suggest that China’s GDP shock would create larger spillovers and more volatility to
other countries and regions recently, compared to the early 2000s. In other words,
China’s shocks spillover more easily, as the global trade has become stronger. This is
not surprising, but an interesting finding, while the world has become more exposed
to China’s economy, through trade, at the same time, the world has become more
vulnerable to Chinese economic shocks. The volatility of Chinese shocks on other
parts of the world has increased compared to two decades ago, the giant production
machinery in China, now, consumes a lot more of the world’s rawmaterial and in turn,
it produces a larger share of all goodsmanufactured in theworld. Themodel shows that
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Fig. 2 Generalized impulse responses of a one standard error shock (-) to china exchange rate on real output
across countries

the bulk of the impact is in the first two years and in fact, the magnitude of responses in
later years is almost as twice as early as 2000 (Fig. 1). This could be related to themore
connected Chinese economy to the rest of the world through trade (reflected in our
trade matrices as in Table 1) and the changes in the economies throughout the globe
(reflected in different model specifications in our analysis). Our model results show
that China is gaining a strong role in the world economy, its economy is becoming
more relevant to the rest of the globe. For policymakers, this means that as China
becomes more integrated with the rest of the world’s economy, its economic policy
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would have stronger effect on affect other economies, particularly through trade and
financial channels. The model shows that over time, China’s trade pattern has changed
and along that, its spillover to the rest of the world has changed. China’s GDP shock
has become more echoed in recent years compared to the early 2000s.

Figure 2 shows the GIRFs of an appreciation of Chinese currency on coun-
tries/regions GDP in the model. The GIRFs have the right signs, an appreciation
of the yuan dampens real GDP levels. While the effect of the shock on the yuan was
not statistically significant on the real GDP of the USA, Europe, and the rest of the
world in the 2000–2002 model, this clearly has changed in the outer years, reflecting
China’s ever-enhancing role in the global economy. It is worth mentioning that the
GIRFs capture the direct and indirect impacts of the shock. Specifically, it not only
captures the first-round impacts of, for instance, an appreciation of the yuan, but it also
shows the second-round impacts of lower GDP of other countries in the model. This
feature of the GVAR model helps to understand the global impact of a shock, which
in the case of our example, shows how the currency movement in China impacts the
global economy. Not surprisingly, the impacts of shocks have recently become more
pronounced compared to the last two decades, again, confirming the ever-increasing
role of the Chinese economy in the world. However, it is important to note that given a
relatively stable Chinese exchange rate over the past decade or so, it is not that obvious
whether shocks to China’s real exchange rate could have a significant impact on real
GDPs. In any event, the origin of a shock to the real exchange rate could be a change in
monetary policy, namely inflation or interest rate, or changes in the nominal exchange
rate which would have come from changes in the relative prices, but since our model
explicitly captures the impact of changes in inflation and interest rate, we could say
that these changes are mostly due to changes in China’s real exchange rates (which of
course, have been stable over the years). As the yuan has become one of the reserve
currencies, the prominence of China’s exchange rate movements would become even
more important in the coming years. Although the US dollar remains the dominant
currency for trade and other financial transactions, China’s exchange rate policy has
certainly gained more traction in trading partners’ economic policymaking. However,
it should be noted that the yuan is not widely circulated outside China yet, basically
shielding it from most transactions globally. This, of course, could change over time
if China decides to become a financially more open economy.

6 Conclusion

The remarkable trend of China’s economic growth has had considerable impacts on
other economies’ growth as well as spillovers of various shocks. In the meantime,
China’s economic expansion has brought key changes to the composition of major
economies’ trading partners. China’s trade shares with the USA, Europe, and the rest
of the world have changed significantly over the past two decades. China has tripled its
tradewith Europe and the rest of theworld, as it hasmanaged to double it with theUSA.
As China becomes wealthier, with a large share of the world’s trade, an interesting
question is how the role of China’s economy in the world has changed and how the
spillover of the Chinese economy has evolved over the years. This question received
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more attention due to recent statistics that indicate that China has already surpassed
the USA as the world’s largest economy based on purchasing power parity and with
the projection of being the largest economy in the world GDP in 2028. According to
the latest International Comparison Program report, the share of the world GDP based
on purchasing power parities of the reference year of 2017, China has leapfrogged the
USA as theworld’s largest economy based on purchasing power parity of the reference
year of 2017 (WEO, 2020).

This paper by using a GVAR model assessed the transmitting power of China’s
shocks to the world economy given its trading pattern twenty years ago and com-
pared it with the most current trading shares. The model used in this paper includes
41 countries, which consists of more than 80% of the world economy, grouped into
two regions, Europe, and the rest of the world, and two single economies, China and
the USA. We investigated the effect of a slowdown in China as well as a currency
devaluation shock, by first assuming a trade pattern of 2000–2002 and compared it
with an analysis using the 2015–2017 trade pattern. Our results indicate while the
spillovers of China were small and, in some cases, statistically insignificant on the
global economy in the past, they have increased in the last two decades due to the
substantial increasing role of China’s global trade expansion in the world driven by
the remarkable growth rate in investment and activities in China. This is not surpris-
ing, but an interesting finding, while the world has become more exposed to China’s
economy, through trade, it has become more susceptible to Chinese economic shocks.
For policymakers, China is not an isolated economy anymore, our simulated results
show that its economy is becoming more integrated with the rest of the world, its
macroeconomic policies are becoming more relevant to other countries, and these are
already on the path to become more pronounced. As the Chinese economy becomes
more open, especially to the financial world, the spillovers of China’s economy are
expected to spread faster and stronger to the rest of the world.

Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1007/s00181-021-02182-5.

Appendix A: Data

This section shows the way that we construct variables for the model. Data were
downloaded from the IFS, the WEO, and the Haver Analytics datasets and covered
the periods between Q1-2000 and Q3-2019.

Gross domestic products

For the gross domestic product, we used seasonally adjusted real GDP (2010 =
100) available at the IFS database.14 For Brazil, Indonesia, Russia, Slovak Republic,
Turkey, and the UK, seasonally adjusted data were contained missing observations

14 Variable Name: National Accounts, Expenditure, Gross Domestic Product, Real, Spliced Historical
Series, Seasonally Adjusted, Index, (2010 = 100).
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for some years; therefore, we transformed the quarterly real GDP index to the season-
ally adjusted by using the Census Bureau’s X-12 program, available at http://www.
census.gov/srd/www/x12a/. As the time series for India and China had many missing
observations, we used seasonally adjusted real GDP from theHaver Analytics website.

Consumer price index

For the price index, we used the quarterly average consumer price index from the IFS
data.15

Exchange rate

Exchange rate variables are based on the exchange rate of domestic currency to one
unit of USD and are downloaded from the IFS data set.16 For some countries who
were part of the EU since 2000, the exchange rate of Euro per USD is used. Data for
exchange rates of Slovak Republic, Lithuania, Estonia, Cyprus, Greece, Latvia, Malta,
and Slovenia, who have joined the EU after 2000, were downloaded from the Havor
Analytics data set.

Equity price

Market Share Capital Index (MSCI) excluding dividend, downloaded from the Havor
Analytics dataset, is used as a proxy for equity price.17 Data for some countries
including Bulgaria, Croatia, Cyprus, Lithuania, Latvia, Slovenia, and Romania were
not available, and we did not consider their equity price in our model.

Short-term interest rate

Our preferred short-term interest rate for the model was the policy rate. However,
quarterly data for policy rate were not available for all countries during the sample
period; therefore, we replace it with other interest rates such as treasury bills when the
policy rate for a country was not available. For developed countries such as Australia,
Brazil, Bulgaria,Canada,CroatiaCzechRepublic,Denmark, Estonia, Finland, Ireland,
Korea, LatviaMexico, Poland,Romania, Russia, SlovakRepublic, Slovenia, andUSA,
money market interbank rates were used available from the IFS website.18 For China,
Hungry, India, and Turkey, central bank policy rates (discount rate) were used from the
IFS website.19 Government bonds or treasury bills, downloaded from the IFS, were

15 Variable name: Prices, Consumer Price Index, All items, Index, 2010 = = 100.
16 Variable name: Exchange Rates, National Currency Per U.S. Dollar, Period Average, Rate.
17 Variable name: MSCI Share Price Index excluding dividend, USD.
18 Variable Name:Monetary and Financial Accounts, Interest Rates, Other Depository Corporations Rates,
Interbank Rates, Money Market Rate, Percent per Annum.
19 Variable Name: Monetary and Financial Accounts, Interest Rates, Central Bank Policy Rates, Discount
Rate, Percent per Annum.
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used for Belgium, France, Greece, Italy, Japan, Luxembourg, Netherlands, Portugal,
and Sweden.20 For Malta and Switzerland, the 3-month treasury bill rate was used
from the Havor Analytics dataset.21 Finally, the overnight lending rate, downloaded
from the central bank of Norway (Norges Bank), is used as a short-term interest rate
for Norway .22

Appendix B: Estimation Results

One of the main problems in econometrics is the possibility of structural break, par-
ticularly in the large sample size (di Mauro and Smith 2013). Following Dees et al.
(2007a), the structural stability of the estimated coefficients and error variances of the
country-specificVEXMX* are assessed by several tests which are represented in Table
9 including cumulative sum (CUSUM), and cumulative sum of squares (CUSUMSQ),
parameter constancy against non-stationary alternatives test (N), Wald form of the
QLR statistic (QLR), the MW statistic (MV), and the APW statistic (APW). We
also performed the heteroskedasticity-robust version of these tests.23 The results vary
across, while N, QLR, MV, and APW indicate that the null hypothesis of parameter
stability (no structural break) cannot be rejected for all variables in all country-specific
models, the CUSUM and CUSUMQ reject the parameter stability of domestic vari-
ables in Europe .

20 Variable Name:Monetary and Financial Accounts, Interest Rates, Securities Markets, Government Debt
Securities, Treasury Bills, Percent per Annum.
21 Variable Name: Malta 3-Month Treasury Bill Yield (AVG, %), Switzerland 3-Month Treasury Bill Rate
(EOP, %).
22 https://www.norges-bank.no/
23 For further details on the stability tests see Dees et al. (2007a) and di Mauro and Smith (2013).

123

https://www.norges-bank.no/


The ever-evolving trade pattern: a global VAR approach 1211

Fig. 3 An overview of international trade, 2000–2019 Source: Direction of Trade Statistics (DoTs) and
authors’ calculations
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Fig. 4 An overview of international trade, 2000–2019 Source: Direction of Trade Statistics (DoTs) and
authors’ calculations

Table 6 Unit root tests for the domestic variables at the 5% significance level

Domestic variables Test Critical value CHN EUR ROW USA

y (with trend) ADF − 3.450 0.582 − 2.488 − 2.287 − 1.985

y (with trend) WS − 3.240 − 0.220 − 2.361 − 2.482 − 2.104

y (no trend) ADF − 2.890 − 2.058 − 0.799 − 1.072 − 0.125

y (no trend) WS − 2.550 − 0.338 0.953 1.084 1.386
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Table 6 (continued)

Domestic variables Test Critical value CHN EUR ROW USA

Dy ADF − 2.890 − 1.887 − 4.016 − 5.107 − 4.142

Dy WS − 2.550 − 2.194 − 4.154 − 5.308 − 4.207

DDy ADF − 2.890 − 9.021 − 5.804 − 5.947 − 6.922

DDy WS − 2.550 − 9.337 − 5.707 − 6.029 − 6.489

Dp (with trend) ADF − 3.450 − 3.959 − 3.960 − 5.337 − 6.208

Dp (with trend) WS − 3.240 − 4.228 − 3.948 − 5.347 − 6.423

Dp (no trend) ADF − 2.890 − 3.910 − 2.687 − 3.523 − 5.938

Dp (no trend) WS − 2.550 − 4.140 − 1.958 − 3.680 − 6.027

DDp ADF − 2.890 − 5.268 − 6.614 − 6.184 − 8.156

DDp WS − 2.550 − 5.182 − 6.205 − 6.484 − 8.555

DDDp ADF − 2.890 − 9.623 − 8.056 − 7.337 − 8.194

DDDp WS − 2.550 − 8.879 − 6.644 − 7.940 − 10.006

ep (with trend) ADF − 3.450 − 1.653 − 1.357 − 1.374

ep (with trend) WS − 3.240 − 1.927 − 1.211 − 1.743

ep (no trend) ADF − 2.890 − 0.863 − 2.327 − 1.456

ep (no trend) WS − 2.550 0.095 − 0.527 − 1.086

Dep ADF − 2.890 − 3.525 − 6.102 − 5.585

Dep WS − 2.550 − 3.783 − 6.204 − 5.716

DDep ADF − 2.890 − 8.804 − 7.321 − 6.567

DDep WS − 2.550 − 9.086 − 8.068 − 7.148

eq (with trend) ADF − 3.450 − 2.539 − 2.593 − 2.559

eq (with trend) WS − 3.240 − 2.454 − 2.687 − 1.054

eq (no trend) ADF − 2.890 − 1.296 − 2.575 − 0.998

eq (no trend) WS − 2.550 − 1.582 − 2.505 − 0.984

Deq ADF − 2.890 − 5.626 − 5.408 − 5.443

Deq WS − 2.550 − 5.827 − 5.501 − 5.577

DDeq ADF − 2.890 − 5.236 − 7.047 − 6.635

DDeq WS − 2.550 − 5.518 − 7.447 − 6.751

srate (with trend) ADF − 3.450 − 3.351 − 3.603 − 3.593

srate (with trend) WS − 3.240 − 2.705 − 3.703 − 3.489

srate (no trend) ADF − 2.890 − 2.515 − 2.133 − 3.799

srate (no trend) WS − 2.550 − 0.190 − 0.270 − 3.015

Dsrate ADF − 2.890 − 3.561 − 4.950 − 3.645

Dsrate WS − 2.550 − 3.751 − 5.145 − 3.794

DDsrate ADF − 2.890 − 9.640 − 6.430 − 5.452

DDsrate WS − 2.550 − 9.494 − 6.685 − 3.628
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Table 7 Unit root tests for the foreign variables at the 5% significance level

Foreign variables Test Critical value CHN EUR ROW USA

y (with trend) ADF − 3.450 − 2.765 − 2.168 − 2.316 − 2.238

y (with trend) WS − 3.240 − 2.817 − 2.290 − 2.128 − 2.308

y (no trend) ADF − 2.890 − 0.714 − 0.628 − 0.579 − 1.109

y (no trend) WS − 2.550 1.242 1.226 1.290 0.972

Dy ADF − 2.890 − 4.688 − 4.460 − 3.968 − 4.794

Dy WS − 2.550 − 4.864 − 4.624 − 4.054 − 4.992

DDy ADF − 2.890 − 6.337 − 6.907 − 6.752 − 7.949

DDy WS − 2.550 − 6.446 − 6.866 − 6.516 − 8.147

Dp (with trend) ADF − 3.450 − 5.055 − 5.348 − 5.842 − 4.760

Dp (with trend) WS − 3.240 − 5.215 − 5.589 − 6.033 − 4.981

Dp (no trend) ADF − 2.890 − 4.346 − 4.984 − 5.391 − 3.720

Dp (no trend) WS − 2.550 − 4.453 − 5.074 − 5.387 − 3.578

DDp ADF − 2.890 − 7.128 − 7.601 − 7.546 − 6.447

DDp WS − 2.550 − 7.409 − 7.949 − 8.063 − 6.464

DDDp ADF − 2.890 − 8.992 − 9.295 − 8.144 − 7.298

DDDp WS − 2.550 − 9.411 − 10.159 − 10.022 − 7.758

ep (with trend) ADF − 3.450 − 0.948 − 1.207 − 1.046 − 0.868

ep (with trend) WS − 3.240 − 1.322 − 1.587 − 1.205 − 1.309

ep (no trend) ADF − 2.890 − 1.759 − 1.260 − 2.158 − 1.672

ep (no trend) WS − 2.550 − 0.683 − 0.715 − 0.190 − 0.606

Dep ADF − 2.890 − 6.009 − 5.715 − 6.066 − 5.981

Dep WS − 2.550 − 6.117 − 5.832 − 6.154 − 6.087

DDep ADF − 2.890 − 7.070 − 6.725 − 7.317 − 7.058

DDep WS − 2.550 − 7.787 − 7.079 − 7.774 − 7.677

eq (with trend) ADF − 3.450 − 3.168 − 3.382 − 3.315 − 2.558

eq (with trend) WS − 3.240 − 2.622 − 1.797 − 2.198 − 2.601

eq (no trend) ADF − 2.890 − 2.907 − 1.110 − 1.924 − 2.505

eq (no trend) WS − 2.550 − 2.649 − 1.298 − 1.913 − 2.637

Deq ADF − 2.890 − 5.391 − 5.357 − 5.331 − 5.257

Deq WS − 2.550 − 5.493 − 5.526 − 5.471 − 5.398

DDeq ADF − 2.890 − 6.724 − 6.018 − 6.375 − 6.600

DDeq WS − 2.550 − 7.039 − 6.618 − 6.808 − 7.365

srate (with trend) ADF − 3.450 − 3.372 − 3.368 − 3.543 − 3.118

srate (with trend) WS − 3.240 − 2.617 − 3.176 − 3.391 − 2.471

srate (no trend) ADF − 2.890 − 3.041 − 3.264 − 3.548 − 2.368

srate (no trend) WS − 2.550 − 0.672 − 2.015 − 2.442 0.072
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Table 7 (continued)

Foreign variables Test Critical value CHN EUR ROW USA

Dsrate ADF − 2.890 − 3.281 − 3.290 − 3.299 − 4.760

Dsrate WS − 2.550 − 3.549 − 3.562 − 3.468 − 4.905

DDsrate ADF − 2.890 − 6.064 − 5.518 − 5.465 − 6.379

DDsrate WS − 2.550 − 6.023 − 4.443 − 3.785 − 6.682

Table 8 Unit root tests for global
variable (the oil price) at the 5%
significance level

Global Variable Test Critical Value Statistics

Poil (with trend) ADF − 3.450 − 2.009

Poil (with trend) WS − 3.240 − 2.190

Poil (no trend) ADF − 2.890 − 2.125

Poil (no trend) WS − 2.550 − 1.818

Dpoil ADF − 2.890 − 6.529

Dpoil WS − 2.550 − 6.730

DDpoil ADF − 2.890 − 6.806

Dpoil WS − 2.550 − 7.100

Table 9 Number of rejections of the null hypothesis of no structural break (per variable across the country-
specific models at the 1% level.) Source: Authors’ calculations. All tests are at the 1% significant level

Test Statistics GDP Inflation Real
exchange
rate

Real
equity
index

Interest rate Numbers (%)

Domestic variables

CUSUM 1 2 0 1 1 5 (29.4)

CUSUMSQ 1 1 0 1 1 4 (23.5)

N 0 0 0 0 0 0

Robust-N 0 0 0 0 0 0

QLR 0 0 0 0 0 0

QLR-robust 0 0 0 0 0 0

MW 0 0 0 0 0 0

Robust-MW 0 0 0 0 0 0

APW 0 0 0 0 0 0

Robust-APW 0 0 0 0 0 0
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