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It is a difficult time for the world’s economics while the impact of COVID-19 is undergoing. A possible worldwide sovereign debt
crisis could emerge, in short term, for supply chains blockage due to its slowing-down in many countries. China, having the
second largest economy in the world, is crucial for the stability and sustainability of the economic recovery. China endures a long-
term growth since 2000; nevertheless, a large amount of that growth is contributed by the government debt, which was spent on
infrastructures. (e accumulation of debts is a potential risk to the future growth of China. (is research evaluates the central
government and local government debts with a series of indicators.(e weights of indicators are determined by objective methods
of the CRITIC approach. Results confirm that the central government debt of China is on the edge of risk, while the risk of local
governments debt is already in a concerning danger. (e local government risk is 50% higher than the central government’s risk.
Moreover, the K-means clustering algorithm performed on data, collected from various provinces, suggests that the local
government debts of China follow a pattern of geographical distribution; that is, the closer to the coast, the lesser the risk, which is
in accordance with the pattern of labor flowing. Labors are attracted by job opportunities which lie in the well-developed regions
of China.(is is confirmed by the crosscheck with the wage growth data. (is indicates that the less developed areas of China rely
more heavily on debt-investment stimulation that could be of a potential stagnation because the yield of investment follows
diminishing marginal returns and the relative lacking labor weakens the potential economic growth.

1. Introduction

Government debt has been a crucial factor in stability of
governments and world economy. Usually when nations are
not able to pay their debts, a particular nation would choose
to “default” the debts if there is no more desperate action
such as waging wars. Default on debt will drastically increase
the borrowing costs because creditor requires higher interest
rates to compensate the possibility of receiving nothing. (e
higher debt service costs will further decrease the nation’s
fiscal expenditure, especially in investments, which will
crush the potential economic growth. (at is what we ob-
served in most debt crisis, such as the cases of Latin America
and the 2008 sovereign debt turmoil in Europe. Further-
more, the debt crisis does not harm the default country, only,
but the debt risk is contagious at regional level if it is not a
global one [1].

China had enjoyed a long-term economic growth for
the last decades. However, the potential growth rate of
China becomes lower than 6% compared with the two-
figure growth. From the second decade of 21st century,
China depends on investments much more, and the large
share of the investments is from the government (including
local governments). Yet, the investment follows the law of
diminishing returns, making investment less economic
efficient. (us, government debts start to accumulate fast.
(e government debt of China (including local govern-
ments) is more than 38 trillion Chinese Yuan. Comparing
to the Gross Domestic Products (GDP) of about 100 trillion
Yuan, the debt may not be an immediate and direct threat.
(e fast growth makes the debt risk a potential debt when
the world economy was disrupted by the COVID-19
pandemic. Meanwhile, China now becomes the largest
creditor in the world [2]. (is suggests that the fiscal

Hindawi
Scientific Programming
Volume 2021, Article ID 7033597, 9 pages
https://doi.org/10.1155/2021/7033597

mailto:t.ouyang@email.ncu.edu.cn
https://orcid.org/0000-0003-1885-8120
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/7033597


situation would decide the debt relief decisions on counties
with heavy burden of debts.

Sovereign debt problem is not a new problem; from his-
torical perspective, it is rare when there is no country to default
their debts [3]. (ough the foreign debt default usually causes
international quarrel and conflict, the domestic debt’s risk
should not be underestimated [4]. Also when export takes a
large share in nation’s economic engine, the sovereign debt is
vulnerable to international shocks [5]. For a large economic
country like China, the foreign debt to total debt ratio is now
much lower compared to the 1980s when the country requires
immediate investment to stimulate the economic development.
Note that China has gone through a certain economic
transformation that significantly reduced their dependency on
exporting, while the domestic consumption starts to rise.

(e research about sovereign debt focuses on the risks it
brought to other political and financial systems. While a
market rich is in liquidity, stock market is easy to be en-
dangered by the debt risk [6]. What follows is the bond
market, which is directly linked with the government debt.
Since most part of the government bond is traded in the
domestic bondmarket, and based on the study about spreads
of local currency bonds, the domestic debt risk is lower than
foreign debts [7]. However, according to the study on
Europe debt crisis, domestic banks of debt-stressed country
would buy in more bonds that does not really ease the issue
but buy more time for the nation to deal with the debt crisis
[8]. (erefore, close risk monitoring and evaluation on the
government debt is necessary. Mao et al. found that a debt
crisis would transfer into a financial crisis, by the domestic
commercial banks factor, as the debt crisis in Europe can be
considered as an outcome of the 2008 financial crisis [9].

How to regulate the finance system is also an important
topic discussed in the debt research. From the experience of
Europe debt crisis, the right way would be setting more
firewalls between the financial products. Research indicates
that for the post-debt crisis in European counties, CDs and
bonds in their markets have lower statistical cointegration
[10]. Yet, the fundamental action would be reforming the
fiscal situation. (e mainstream of the field considers that
the optimal fiscal policy would be procyclical actions [11].
Meanwhile, contractionary fiscal policy is also advocated by
many researchers who believe high debt to the GDP ratio
will force the interest rate to go up, based on the model study
[12]. Moreover, Croce et al. [13] believe that cutting the
balance of debt will increase the output and welfare level
(2021). Nevertheless, in general, scholars are aware of in-
coming debt crisis. (ey call for more rigid fiscal rules while
many economies are disrupted by the COVID-19 pandemic
[14]. Afterall, both the procyclical and anticyclical fiscal
policies require rigorous reviews and carry-outs. (is re-
search is an investigation of the China governments debts
including both the central and the local. Methods such as K-
means clustering are used on real datasets to obtain certain
findings. Following are the major contributions of the re-
search conducted in this paper:

(1) We evaluate the debt risks for both the central
government and local government of China

(2) (e methods of evaluation; that is, K-means clus-
tering is implemented over real datasets to obtain
certain findings

(3) We conclude that the central government debt of
China is on the edge of risk, while the risk of local
governments debt is already in a danger

(4) (e local government risk is 50% higher than the
central government’s risk; and the local government
debts of China follow a pattern of geographical
distribution

(e structure of the remaining part of this paper is as
follows. Section 2 describes the details of the research
methodology. In Section 3, we discuss the outcomes of our
results that are based on a clusteringmethod, that is,K-mean
clustering approach. Section 4 describes our research
findings. Finally, Section 5 concludes this paper along with
several directions for future research.

2. Research Methodology

Various risk indicators are used to reach an accurate and
precise evaluation. Below we describe different indicators
both for local and central governments and how these in-
dicators are computed, and what kind of risk they reflect. At
last, we describe the K-means clustering technique, briefly.

2.1. Central Government Indicators. (e central government
debt risk can be divided into 6 risk indicators from (R11 to
R16) to reach an accurate and precise evaluation. Below are
how these indicators organized, and what kind of risk they
reflect. R11 is calculated by dividing the fiscal deficit to GDP,
which evaluates the fiscal deficit’s share in the overall eco-
nomic activity of a year. (at also can be interpretated as
howmuch a nation’s economic relies on financial deficit. For
this indicator, a lower value means a lower risk. R12 is bond
issuing volume divides fiscal expenditure, evaluating how
much a government’s expenditure relies on borrowing. Also,
the lower is the better. Usually, the benchmark of R12 is set to
25%. However, considering the bonds of China local gov-
ernments are endorsed by the central government (the
market and everybody strongly believe so), the central
government bond issuing volume to fiscal expenditure ratio
R12 is set to 15%. For local governments, the same risk
indicators will be evaluated using R12. R13 checks the
pressure from debt service, by dividing the debt service with
fiscal income.(e higher the R13, the higher the risk, because
the government must use a larger share of their income to
pay debts and interests.

R14 is constructed in the same manner as R11, which is the
ratio of bond issuing volume to GDP, which represents how
much the economic running relies on the government bor-
rowing of a year. (e lower is the better, as well. According to
the rule of thumb, the benchmark line is set on 3%.(ere is no
strict theoretical explanation about that number. Researchers
and studies choose the “3%” that could be influenced by the
“Treaty of Maastricht” from Europe. (e Treaty established
economic and fiscal standards for those countries wish to join
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the European Union (EU). For instance, a country cannot have
a high inflation rate and a fiscal deficit higher than 3% of their
GDP. Although, since 2008, China started to enact proactive
fiscal policies, their R14 are well controlled by under 3% (the
benchmark was breached for only two times). Meanwhile,
many major nations have higher rates than 3%. Considering
the impact of the COVID-19 pandemic, many nations rely on
the borrowing much more than before. (e benchmark of R14
still sticks to 3%.

R15 is constructed by dividing bond issuing volume with
deposits outstanding. Government bond is a kind of bor-
rowing; thus, creditors who provide cash funding are re-
quired for the equation. Deposits outstanding is the money
which can purchase bonds. A low R15 ratio indicates more
money is available to do the purchase. (ough the interest
rates can evaluate the money shortage level, their rapid
fluctuations make it difficult to be a reliable indicator. (e
interest rates are influenced by many other markets such as
stock and real estates. (e bond issuing volume to deposits
outstanding ratio is a more objective indicator to reflect the
risk of borrowing. Furthermore, R16 is a crucial indicator
measuring the balance of a nation debt to its GDP. For
developed countries, currently their R16 are way ahead of
100% or even higher. For instance, since Japan’s bubble
economy burst in late 1980s, the Japanese government relied
highly on borrowing (yet the stimulation effect was not so
satisfying). (e GDP per capita stays still for a long while;
thus, the saying of “the lost decade/decades” arose. Nowa-
days, the debt to the GDP ratio of Japan is larger than 270%,
which reflects that R16 is a significant indicator (refer to
Table 1 for various indicators).

(e GDP or R16 ratio is also an important fiscal criterion
of joining the EU, by setting the benchmark as 60%. In this
research, the benchmark is lift to 70%, because the nations
around the world have higher debt to GDP ratios than a
decade ago. For instance, the United States now reaches 128%.
Similarly, the foreign debt to GDP ratio of Japan is over 92%.
Traditional developed countries in Europe also suffer from
high debt level: Germany 78%, Netherlands 75%, UK 102%,
France 114%, Spain 118%, Italy 160%, Belgium 122%, and
Greece (which been criticized a lot by EU countries) 213%.
Meanwhile, a promising country that attract many foreign
companies to set their headquarters, Ireland, also has a high
debt ratio of 90%. It can be concluded that the benchmark set
by EU has been penetrated by almost all EU nations.
(erefore, in this research, we lift the benchmark value of R16
to 70%, which will not underestimate the potential risk, for
China that has a much lower debt ratio. Considering the
international financial market is functioning well so far, the
portfolios will invest more on Chinese government bonds
while others are too risky. (e central government debt risk
indicators are shown in Table 1.

2.2. Local Government Indicators. (e indicators intro-
duced above in Section 2.1 sum up the central government
debt risk evaluation. (ey are organized into Table 1. For
the local government debt risk, the indicators are con-
structed in the same manner with the central government

evaluation. R21 to R24 are identical with R11 to R14, while R25
is constructed in the same way as R16. (ey are highlighted
in Table 2.

2.3. $e CRITIC Method. As shown in Tables 1 and 2, all
indicators have their own weights. (at was calculated by the
CRITIC method (Criteria Importance (rough Intercriteria
Correlation), which can handle the issuance of indicators
having the same elements efficiently. For R11, R14, and R16,
they have the same element of GDP.(us, GDP has influence
on the values of these indicators. (at is why CRITIC was
introduced because it can measure information entropies
(while evaluating the level of correlations) and calculates the
redundancy of indicators. So, when few indicators are cor-
related on a certain level (making them provide less infor-
mation), their weights will be trimmed in CRITIC method.
Again, R11, R14, and R16 all have the elements of GDP, but they
also evaluate the fiscal deficit, bond issuing volume, and debt
balance, which implies that these indicators cannot be further
simplified. By introducing CRITIC, the problem of correlated
indicators can be balanced, and the final weights can be well
balanced with the objective. Below are how weights calculated
by the CRITIC method [15].

Say there are n samples, and each sample is regulated by
p indicators and that can be denoted as a matrix A in
equation (1), where uij is the indicator value of number j (of
the sample i).

A �

u11 u12 . . . u1p

u21 u22 . . . u2p

. . . . . . . . . . . .

un1 un2 . . . unp

􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌

. (1)

All indicators need to be nondimensionalized by Max-
best or Min-best (larger value the better or less value the
better). Considering this research focus on risk evaluation
with the indicators introduced in Tables 1 and 2, indicator
value should be handled with Min-best by equation (2). For
simplicity, uij

′ after equation (2) will still be denoted as uij.

uij
′ �

umax − uj

umax − umin
, (j � 1, 2, . . . , N). (2)

(en, the standard deviations of indicators Sj need to be
evaluated by the following equation, while uj � 1/n 􏽐

n
i�1 uij.

Sj �

�������������

􏽐
n
i�1 uij − uj􏼐 􏼑

2

n − 1

􏽳

. (3)

(e conflicts of indicators Rj need to be calculated by
equation (4), while rij is the correlation coefficient between
indicator i and j. (e larger the rij, the more redundance in
indicators i and j, which means they provide less infor-
mation. And their weight should be less in the overall
indicators.

Rj � 􏽘

p

i�1
1 − rij􏼐 􏼑. (4)
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(e information entropies Cj are calculated by the
following equation, that Cj � Sj × Rj. And the final weights
of indicators are generated by equation (6).

Cj � Sj 􏽘

p

i�1
1 − rij􏼐 􏼑, (5)

Wj �
Cj

􏽐
p
j�1 Cj

. (6)

Above we briefly summarized how the weights for
various indicators, as shown in Tables 1 and 2, are calculated.

2.4. K-Means Clustering Method. Before entering to the
discussion of actual results, the analysis method of K-
means needs to be introduced for risk evaluation in China
local governments, to reach a detailed investigation on the
risk differences of Chinese provinces. (ere are two ad-
vantages of applying the K-means clustering approach.
First, it is an efficient clustering algorithm. Secondly,
when the clusters are highly dense with nonsignificant
differences, K-means can produce well clustering results.
Below are how clusters are determined by K-means
method [16].

For a dataset X � x1, x2, x3, . . . , xn􏼈 􏼉, there are n d-di-
mensional data point, while xi ∈ Rd. (e goal is to make the
data into K clusters. In the first, the algorithm will divide
the dataset into K subsets, C � ci, i � 1, 2, . . . , K􏼈 􏼉. Each
subset has a clustering center ui. (en, J(ck) is the sum of
the data points distances from the center defined in
equation (7), which is calculated by the Euclidean
distance.

J ck( 􏼁 � 􏽘
x∈ck

xi − u
2
k. (7)

(e overall goal is to minimize the sum of all J(ck) in
equation (8), which is J(C) � 􏽐

k
k�1 ck.

J(C) � 􏽘
k

k�1
ck,

� 􏽘
k

k�1
ck 􏽘

x∈ck

xi − u
2
k

� 􏽘
k

k�1
􏽘

n

i�1
dkixi − u

2
k

(8)

where dki �
1 xi ∈ ci

0 xi ∉ ci

􏼨 in equation (8) and the mean

square error E is used for evaluation in equation (9). In
equation (9), p is the data point while m1 is the clustering
center of the cluster c1.

E � 􏽘
k

i�1
􏽘
p∈c1

p − m1
􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼐 􏼑
2

. (9)

(e actual K-means clustering algorithm starts with a
dataset of n points. (en, randomly choose k points for
clustering centers mi(i � 1, 2, 3, . . . , k), following by calcu-
lating each point p to its center’s distance d(p, mi), and that
is defined in equation (10), where i � xi1, xi2, . . . , xin􏼈 􏼉 and
j � ji1, ji2, . . . , jin􏼈 􏼉 are n-dimensional data.

d(i, j) �

������������������������������������

xi1 − xj1􏼐 􏼑
2

+ xi2 − xj2􏼐 􏼑
2

+ · · · + xin − xjn􏼐 􏼑
2

􏽲

(10)

For each point p, it will go through distance calculations
for each cluster, the minimum distance d(p, mi) will decide
which cluster p belongs to. After all points have been
evaluated, cluster centers mi will be recalculated by equation
(11), where mk is the Kth cluster and N is the number of data
points in the cluster K.

mk �
􏽐

N
i�1 xi􏼐 􏼑

N
. (11)

Data points will be assigned to themost similar clusters.(e
process will iterate until E of equation (9) ceases to decrease,
which indicates an optimized clustering has been achieved.

3. Results and Outcomes

For the central government’s debt risk, the R11 to R16 in-
dicators are calculated and organized in Table 3. (ese
outcomes are based on the data from the National Bureau of
Statistics and Ministry of Finance, China. (e data being

Table 1: (e central government debt risk indicators.

Indicators Definitions Weights Benchmark (%)
R11 Fiscal deficit/GDP 0.188 3
R12 Bond issuing volume/fiscal expenditure 0.128 15
R13 Debt service/fiscal income 0.252 8
R14 Bond issuing volume/GDP 0.114 3
R15 Bond issuing volume/deposits outstanding 0.130 4.8
R16 Balance of national debt/GDP 0.188 70

Table 2: (e local government debt risk indicators.

Indicators Definitions Weights Benchmark
(%)

R21 Fiscal deficit/GDP 0.121 3

R22
Bond issuing volume/fiscal

expenditure 0.290 15

R23 Debt service/fiscal income 0.135 8
R24 Bond issuing volume/GDP 0.198 3

R25
Balance of local

government debt/GDP 0.257 70
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investigated begins from year 2010 to 2019. (e end-date is
before the outbreak of the COVID-19 pandemic, which
could provide results without the economic impacts of the
COVID-19 outbreak both in China and the rest of the world.
(e impact of COVID-19 will be discussed in Section 4. For
risk indicators and their results which are calculated, it is
essential that the meaning of these values needs to be
elaborated. For R16, it is the ratio of balance of national debt
to GDP, and the benchmark is 70%. Take the R16 of 2019, for
example, its value is 0.17. (us, the R16 risk is 0.17/0.7� 0.24,
which is not an abrupt threat while the weighted risk is
0.24 ∗ 0.257� 0.109.

About the risk value of indicators (before weighted), the
value of 0.8 to 1 can be interpreted as the risk (represented by
the indicator) is now exposed in danger. Moreover, the risk
value between 0.5 and 0.8 can be concluded as median
threat, meaning that the risk is about to cause problems and
need to be handled using careful measures. (e value be-
tween 0.2 and 0.5 is a minor threat, which requires some sort
of intervenes. Moreover, 0 to 0.2 can be considered as risk
free, and no immediate actions are required except obser-
vation and monitoring. (e overall risk of the national
government risk is interpreted in the same fashion as the risk
indicator above. (e values of the national debt’s risk in-
dicators are presented in Table 3. (e overall national debt
(and weighted risk indicators) risk values are organized in
Table 4.Source: Data organized from the National Bureau of
Statistics of China.

For the local government debt risks, each province’s
indicators from R21 to R25 are calculated in the same manner
as the nation debt risks analysis. However, the results of
every province will be too much to discuss and present here.
(erefore, only the overall debt risks (from years 2015 to
2019) of each province are demonstrated in Table 5.
According to the risk levels, these provinces are clustered by
the K-means method (with K� 5) to reach a better under-
standing of the geographical distribution pattern about the
government debt risk. One more thing about the data of
local government debts needs to be explained, that the data
started from 2015 rather from earlier. It is because that the
local government debt was not in the form of local gov-
ernment bonds, which makes it difficult to estimate the
overall balance of debt. (e data from 2015 onwards would
be more precise, because at that time the local governments
debts (and previous debts with all kinds of forms) were

already reviewed and available in the forms of bonds. (e
debt risks of the local governments and their clustering,
using the K-means method, are shown in Table 6.

4. Discussion

According to the results, as shown in Table 4, the overall
national debt risk has a clear increase in 2015. From 2010 to
2014, the risk stabilizes in the interval from 0.4 to 0.5. Within
two years, the risks value doubled and reaches 1, which is
exposed to immediate danger. (e weighted values of na-
tional debt’s major indicators are shown in Figure 1. (e
changes of risk indicators values would reveal the core
threats. (e major contributor of the national debt risk is
R12. It rises from 0.1 to 0.3 from 2014 to 2016, which in-
dicates the government relies on debt much more than the
maintained daily functioning. Also, R11 shares the same
pattern, indicating the fiscal deficit to GDP ratio grows
rapidly. However, R16 remains at a low and safe level. (e
balance of debt to GDP keeps around 30%, providing a
certain room for future borrowing. Comparing with major
developed countries’ R16 (more than 100%), China has a
much lower risk which would attract domestic and foreign
investors to the Chinese government bonds that may buy
more time for China to modify its debt structure.

For the local governments of China, the risk is much more
severe. Figure 2 shows the debt risks of all provinces according
to the result in Table 5. It can be found out that most local
governments are in debt risk danger, in particular, those having
the risk value larger than 1.

(e overall local governments’ debt risk is the sum of all
the provinces’ weighted risk values. (e weights of provinces
are determined by their shares in the national GDP. (e local
government’s overall debt risk starts at 1.3 in 2015; then, in
2016, it grows to a dangerous level of 1.8.(en, it drops down
fast in 2017 and has stabilized at 1.5 in recent years. However,
the risk shows with a strong upward trend, indicating that the
local governments are in trouble of debt, and it is difficult to
turn the flow. It may require more investment on infra-
structures of poor provinces to stimulate the economy but
that means more funding will be needed, especially when
most provinces are already in deficit and rely on borrowing.

For provinces of the first cluster in Table 1, their average
risk values are around 1, which indicate they are already
exposed to danger. For them, further monitoring is required.

Table 3: (e values of the central government debt risk indicators.

Time R11 R12 R13 R14 R15 R16

2019 1.63 2.34 0.55 1.06 0.90 0.24
2018 1.36 2.33 0.50 1.05 0.90 0.23
2017 1.23 2.70 0.45 1.24 1.04 0.23
2016 1.26 3.19 0.40 1.51 1.24 0.23
2015 1.14 2.21 0.29 1.06 0.89 0.22
2014 0.59 0.93 0.32 0.41 0.39 0.21
2013 0.14 0.02 0.03 0.02 0.15 0.21
2012 0.54 0.86 0.28 0.37 0.37 0.21
2011 0.37 1.04 0.29 0.44 0.44 0.21
2010 0.55 1.47 0.28 0.60 0.57 0.23
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Following is the second cluster with average risk value of 1.3.
(ese provinces are in debt trouble and only their strong
financial and economical actions could turn the flow. Par-
ticularly, for Tianjin, its value jumps up fast from 0.7 to 1.9 in
less than five years and the situation could go worse. (en,
clusters 3 and 4 have rather high average risk values, which is
more than 2. It can be considered that these local provinces
cannot drive them out of the debt mire on their own (neither
further borrowing nor economic measures), especially for
the Guizhou, Qinghai, and Tibet. However, the situation is
not that severe, because these provinces have much lower
population as compared to other regions, making the bailout
actions from the central government possible and affordable.
Meanwhile, Guizhou’s debt issue is improving because
Guizhou uses its geographical advantages (high attitude with
low temperature) well to attract cloud-computing industry
to invest. (e future finance of Guizhou would perform
better with more tax income.

(e debt risk of the local governments shows a strong
geographical pattern. (e provinces with the lowest risk lie
in the east coast of China, while provinces in the second
cluster (except Tianjin) lie in the middle region. Similarly,
the provinces in the third cluster (except Guangxi) are all in
the west and north-east regions. (e debt risk of the local
governments becomes lower from the west to the east of
China. (e pattern is on account of the provinces on the

coast endures a long term of investment due to their con-
veniency of transportation and supply chain, which booms
the economy. Moreover, the study on China population
mobility data also records this trend [17]. A better economic
efficiency allows government borrowing can turn into high-
quality future income.(is may ease the accumulation of the
local government debts. (e provinces in the middle and the
west have not the same financial boost as the east provinces
in the past. (is is similar to the conclusion of the research
on less developed countries in the EU, which suffer more
from the debt problem [18]. Yet, it is not the reason to stop
or cut down the relatively poor provinces’ borrowing. (e
structural economic problem needs to be tackled to ensure a
balanced development around the country.

One important problem is the divergence of wage around
the provinces. Table 5 lists the wage changes compared to the
average changes. For instance, Zhejiang’s wage growth com-
pared to average change is −0.71, which indicates the wage in
Zhejiang province grows slower than other provinces. More-
over, a slower wage growth provides a comparative advantage
in the economic growth, which is reflecting in the potential
risks of the local government debts. (is means better job
opportunities and population inflow in the province. (e re-
sults of other provinces in the table can also be interpreted in
the same manner.Source: Data organized from the National
Bureau of Statistics of China.

Table 4: (e overall risk of the central government and weighted risk indicators.

Time Overall R11 R12 R13 R14 R15 R16

2019 1.029 0.306 0.299 0.140 0.120 0.118 0.046
2018 0.962 0.256 0.298 0.127 0.120 0.118 0.044
2017 1.012 0.231 0.345 0.115 0.141 0.136 0.044
2016 1.123 0.237 0.409 0.100 0.172 0.162 0.043
2015 0.849 0.214 0.283 0.073 0.121 0.116 0.042
2014 0.447 0.111 0.119 0.081 0.047 0.050 0.040
2013 0.455 0.116 0.123 0.075 0.049 0.052 0.039
2012 0.411 0.101 0.110 0.071 0.043 0.048 0.039
2011 0.422 0.069 0.134 0.072 0.050 0.057 0.040
2010 0.548 0.103 0.188 0.070 0.068 0.075 0.044

Table 5: (e wages growths of provinces compared to the average.

Wage growth from 2006 to 2019
Zhejiang −0.71 Gansu 0.01
Guangdong −0.58 Guangxi 0.03
Liaoning −0.56 Inner Mongolia 0.06
Shanxi −0.49 Hebei 0.11
Tianjin −0.42 Xinjiang 0.16
Shanghai −0.35 Anhui 0.16
Henan −0.32 Jilin 0.18
Ningxia −0.31 Chongqing 0.19
Tibet −0.27 Shaanxi 0.38
Jiangsu −0.25 Sichuan 0.41
Qinghai −0.19 Yunnan 0.41
Beijing −0.12 Jiangxi 0.47
Fujian −0.11 Hubei 0.70
Shandong −0.07 Guizhou 0.73
Hunan −0.06 Hainan 0.86
Heilongjiang −0.02
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For the provinces having the lowest debt risks (cluster 1),
their wage growth is slower with an average of 0.315, while
the figure of provinces in clusters 2 and 3 is around 0.05
which is slightly higher than the average level. (e
provinces in clusters 4 have a faster wage growth of 0.175.
(e wage divergence of provinces correlates with the debt

risks. Mobility and relocation of population result in
wage divergence, which eventually reshape the eco-
nomicperformances of different regions. To ensure a
balanced development and control the debt risk, the
factor of wage and population needs to be investigated
further.

Table 6: (e debt risks of the local governments and their clustering.

Average 2019 2018 2017 2016 2015 Cluster
Guangdong 0.706 0.640 0.702 0.598 0.984 0.607 1
Shanghai 0.823 0.835 0.558 0.574 1.273 0.872 1
Beijing 0.887 1.002 0.649 0.832 0.944 1.008 1
Shandong 1.108 1.200 1.076 0.927 1.450 0.890 1
Jiangsu 1.121 1.097 1.014 0.964 1.432 1.099 1
Zhejiang 1.154 1.068 0.907 0.847 1.722 1.227 1
Fujian 1.181 0.936 0.884 1.279 1.567 1.238 1
Henan 1.302 1.365 1.181 1.374 1.397 1.195 2
Shanxi 1.395 1.397 1.278 1.384 1.583 1.331 2
Tianjin 1.444 1.903 1.617 1.148 1.793 0.760 2
Hubei 1.446 1.648 1.203 1.158 1.887 1.336 2
Jiangxi 1.500 1.574 1.481 1.537 1.478 1.428 2
Chongqing 1.575 1.743 1.420 1.603 1.854 1.257 2
Anhui 1.617 1.519 1.827 1.519 1.703 1.515 2
Hebei 1.644 1.967 1.847 1.320 1.772 1.313 2
Sichuan 1.788 1.834 1.728 1.860 2.000 1.516 3
Liaoning 1.843 1.867 1.726 1.778 2.339 1.504 3
Shaanxi 1.844 2.015 1.737 1.612 2.257 1.600 3
Hunan 1.921 2.405 1.771 1.650 2.424 1.353 3
Jilin 1.960 2.264 2.176 2.053 1.761 1.548 3
Guangxi 2.048 1.998 2.251 2.315 2.048 1.626 3
Heilongjiang 2.191 2.519 2.785 1.949 2.039 1.661 3
Inner Mongolia 2.245 2.275 2.158 2.146 2.759 1.889 3
Xinjiang 2.375 2.428 2.356 2.476 2.583 2.031 4
Hainan 2.525 2.542 2.651 2.708 2.895 1.829 4
Yunnan 2.604 2.341 2.420 2.758 2.961 2.541 4
Gansu 2.737 3.004 2.769 2.680 2.769 2.461 4
Ningxia 2.771 3.062 3.062 2.476 2.786 2.468 4
Guizhou 3.498 2.949 3.520 3.239 3.932 3.849 4
Qinghai 4.651 5.138 4.908 4.679 4.619 3.910 4
Tibet 6.649 6.800 6.265 6.573 6.842 6.766 4
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Figure 1: (e weighted value of national debt’s major indicators.
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5. Conclusions and Future Work

(is research investigates the current situation of the debt
risk problem, covering both the national government and
local governments of China. At this moment, COVID-19 has
been spread over the world for two years, strongly disrupting
the world economy. (e IMF and other institutions concern
the potential impacts of sovereign debt crisis and have raised
the warning line of debt to GDP ratio as 90%, which we
believe may ease or conciliate the market to prevent gov-
ernment bonds’ panic selling. Assuming the world’s econ-
omy will not reach a pleasing level in the short term,
sovereign debt risk requires close attention to prevent an
upcoming potential debt crisis like Europe in 2018. We
evaluated the risk of the central government of China
showing that the risk has an increasing trend and reaches the
critical level. However, China carried out many direct fiscal
expenditures cuts, which is affective to cover the risk.
Moreover, the debt to GDP ratio is still on low level as
compared to developed countries, which buys more time for
China to deal with debt problems. We estimated that the
nation debt is not facing immediate threat or risk. According
to the general opinion, the debt to GDP ratio does not have
to be kept on a low level [19].

For the local governments of China, our evaluations
indicated that almost all provinces breached the critical level
of debt risk. Few well-developed provinces are free from
urgent risk while other rely on borrowing to maintain the
debt services. Furthermore, they depend on Beijing funds,
making them less willing to improve their fiscal situations
[20, 21]. Due to fiscal transfer payment system, the Beijing
fund is considered a rich resource and the local bodies get
used to “sleep on,” which increases economical welfare [22].
As the risk evaluation indicated, the overall debt will ac-
cumulate until the central government can no longer cover.
Assuming that the central government is on good position
about borrowing, debt risks of local bodies can be handled
with right moves. In 2021, the central bank of China

tightened the money supply to inefficient industries that is a
good start to turn the flow. We observed that the debt risk
divergence of the local governments matches the wage
divergence—most like the studies on Europe debt crisis.
Future research will focus on actual actions for China’s
balanced development policy. By filling the economic gap of
provinces, the population mobility situation and wage di-
vergence would certainly change, which could alter the trend
of the local debt risks.
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