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Abstract: This paper attempts to examine whether socioeconomic volatility produces differentiated
effects on road traffic accident indicators. Adopting the Autoregressive distributed lag error-correction
model (ARDL-ECM), this paper explores the long-term equilibrium and short-term interactions
between five common economic indicators, namely, average salaries (AS), employment (EM),
unemployment (UE), total mileage of highway (TMH), and private vehicle ownership (PVO), as well
as road traffic-related indicators including the number of road traffic accidents (RTA), injuries (IN),
fatalities (FA), and direct economic losses (DEL), using data of road traffic accidents spanning from
1999 to 2018 in China. The study found that all economic indicators except average salaries showed
a long-term equilibrium with road traffic accident indicators. The Granger causality test showed
that, over the short term, an increase in employment could lead to an increase in injuries, and an
increase in private vehicle ownership could cause a rise in fatalities. This study demonstrates that
the volatility in economic indicators indeed produces differentiated effects on road traffic accident
indicators, providing a theoretical basis for improving road safety performance and formulating
relevant policies.

Keywords: road traffic safety; macroeconomic; injuries; fatalities; ARDL-ECM model

1. Introduction

Road safety performance represents one of the most fundamental indicators for the maturity of a
motorized society across the world [1]. Despite people’s longtime commitment to higher road safety
performance and lower traffic accident rates, traffic accidents are still one of the major public safety
issues. Each year, millions of people are injured and more than 1.3 million are killed in road traffic
accidents around the world [2].

Studies show that macroeconomic factors are closely related to road traffic accidents [3,4]. In this
area, a large body of scholarly research has been conducted in order to determine the specific economic
indicators influencing road traffic accidents. In particular, gross domestic product (GDP) per capita as
an important indicator measuring the level of regional economic development has drawn extensive
research attention [5]. By comparing GDP per capita and traffic accident fatality rates in 27 European
countries, George Yannis [6] found that GDP per capita was positively correlated with traffic accident
fatality rate and increased GDP per capita would lead to a rise in the traffic accident fatality rate.
A study conducted by Douglas J. Wiebe [7] concluded that GDP growth resulted in a rise in the number
of fatalities caused by road traffic accidents. Iman Dadgar [8] examined the relationship between GDP
and traffic accident fatality rates in 18 Organisation for Economic Co-operation and Development
(OECD) member countries, finding that for every $1000 increase in GDP per capita, the traffic fatality
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rate increased by 0.58% over the short term and 1.59% over the long term. Empirical analyses focusing
on Spain [9] and other European regions [10] also found that changes in GDP per capita affect road
traffic accidents.

Another intensively researched indicator that is closely associated with economy is the
unemployment rate. By analyzing the traffic accident data of Queensland in Australia spanning from
1958 to 2007, Son Nghiem [11] found that for every 1% decrease in the unemployment rate, fatalities
caused by traffic accidents dropped by 0.2%. A study from Virginia found that every 1% increase in the
unemployment rate was associated with a reduction of as many as around 2500 traffic accidents [12].
Furthermore, the Kuznets hypothesis regarding road traffic accidents has also received intensive
scholarly attention [13,14]. In particular, the Kuznets relationship between traffic accidents and per
capita income has been repeatedly demonstrated [15-17], which posits that traffic accidents exhibit
a growing trend in the early stage of economic growth but will be effectively inhibited as economic
growth continues and improvements in policy and infrastructure are achieved. In the meantime,
there have also been studies showing that economic volatility affects government budgets, which in
turn leads to changes in road traffic accidents [18-20]. Subject to the effect of multiple economic crises
over recent years, the cyclical interactions between economic volatility and road traffic accidents have
gained broader attention, and factors like alcohol taxes [21] and vehicle miles traveled [22] have also
been proven to exert different degrees of impact on road traffic accidents.

The majority of recent studies have explored the effects of macroeconomic factors on road traffic
accidents by using single indicators like the number of road traffic accidents or fatalities. In fact,
we found that a same economic factor may produce differentiated effects on the number of road traffic
accidents, injuries, or fatalities. Thus, it is necessary to discriminate the effect of economic factors
on road traffic accidents depending on different indicators pertaining to accidents in order to better
understand both the short- and long-term effects of macroeconomic factors on road traffic accidents,
thereby proposing effective measures.

Despite the extensive attention paid to the relationship between macroeconomic factors and road
traffic accidents, most current studies are concentrated on developed countries or regions [23,24],
and very few studies have focused on cases from developing countries. In reality, most accidents
associated with fatalities and injuries occur in low- and middle-income countries [25]. A report
published by the World Health Organization (WHO) suggests that no low-income country had reduced
the number of road traffic deaths from 2013 to 2016 [2]. This research selects China-specific data of
road traffic accidents spanning two decades, with a view of filling in the blank of this type of research
by providing a case pertaining to developing countries.

As the world’s largest developing country, China witnessed about 241,734 road traffic accidents in
2018, which caused 61,832 deaths, 256,425 injuries, and a direct economic loss of around 1364.9 million
yuan, representing a substantially higher traffic accident rate than developed countries [26]. Since the
turn of the 21st century, China has sustained relatively high economic growth rates. Accompanying this
trend are not only a more sophisticated infrastructure for road traffic, a continuous growth in private
vehicle ownership and an increasing number of drivers and road traffic flow, but also increasingly
salient traffic safety problems. To further reduce road traffic accidents, the Chinese government has
instituted a series of policies. Despite the generally stable performance of road traffic safety in China,
major or extraordinarily serious road traffic accidents causing mass injuries or deaths still happen from
time to time.

Focusing on road traffic accidents over the past two decades in China, this research employs
econometric approaches to discuss the differentiated effects of economic factors on the number of road
traffic accidents, injuries, fatalities and direct economic losses with an attempt to gain an insight into
the specific effects of economic factors on road traffic safety, thereby proposing more effective and
robust measures.
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2. Data Selection

In this study, macroeconomic factors and road traffic accident indicators over the period of
1999-2018 were adopted. All these data were collected from the China National Bureau of Statistics [27]
website. Table 1 describes the study data, including a variable description, abbreviations, and period.
Table 2 is the original data for macroeconomic factors and road traffic accident indicators.

Figure 1 shows the variation trends of road traffic accidents (RTA), injuries (IN), fatalities (FA),
and direct economic losses (DEL) between 1999 and 2018. Specifically, RTA, IN and FA presented
an increasing trend year over year after 1999, and peaked in 2002 at 773,137, 562,074 and 109,381,
respectively, followed by a declining trend and then a minor rebound after 2015. Comparatively,
DEL peaked at CNY 3.369 billion in 2003.

Table 1. List of variables of annual data used.

Variable Description Abbreviations

Road traffic accidents

Total road traffic accidents

RTA

Injuries

Total number of injuries caused by
road traffic accidents

IN

) Fatalities
Road traffic

Total number of deaths caused by
road traffic accidents

FA

accident indicators

Direct economic losses

Expenses incurred in connection
with personal injuries and deaths
caused by road traffic accidents
and post-accident treatment, as
well as the value of damaged
properties, including expenses
paid for personal injuries and
deaths, post-accident treatment,
and property losses

DEL

Average salaries

Average monetary salary per
employed worker during a certain
period of time

AS

Employment

Total employed persons within
the region

EM

Unemployment

Total unemployed persons within
the region

UE

Potential relevant
macroeconomic factors

Total mileage of highway

Including inter-city, urban-rural,
and rural public roads allowing
motorized vehicles to travel, the
total length of highway running
through urban streets, the lengths
of highway bridges and tunnels,
and the width of ferry lanes

TMH

Private vehicle
ownership

The number of vehicles registered
with the traffic management
authorities under public security
bureaus and assigned with local
private vehicle number plates

PVO
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Table 2. Original data for macroeconomic factors and road traffic accident indicators.

DEL EM UE AS TMH (Thousand PVO
Year  RTA FA N (Million/ONY)  (Million) ~(Million)  (CNY)  Kilomete)  (Million)
1999 412,860 83529 286,080 2124.02 713.94 5.75 8524 1351.7 53388
2000 616971 93,853 418,721 2632.9 720.85 595 9333 1679.8 6.2533
2001 754,919 105,930 546,485 3087.87 727.97 6.81 10,834 1698 7.7078
2002 773,137 109,381 562,074 3324.38 732.8 7.7 12,373 1765.2 9.6898
2003 667,507 104372 494,174 3369.15 737.36 8 13,969 1809.8 12.1923
2004 517,889 107,077 480,864 2391.41 742.64 8.27 15,920 1870.7 14.8166
2005 450,254 98,738 469,911 1884.01 746.47 8.39 18,200 3345.2 18.4807
2006 378781 89,455 431,139 1489.56 749.78 8.47 20,856 3457 23.3332
2007 327,209 81,649 380,442 1198.78 753.21 8.3 24,721 3583.7 28.7622
2008 265204 73484 304,919 1009.72 755.64 8.86 28,898 37302 35.0139
2009 238,351 67,759 275,125 914.37 758.28 9.21 32,244 3860.8 45.7491
2010 219521 65225 254,075 926.34 761.05 9.08 36,539 40082 59.3871
2011 210,812 62,387 237,421 1078.73 764.2 9.22 41,799 4106.4 73.2679
2012 204,196 59,997 224,327 11749 767.04 9.17 46,769 42375 88.386
2013 198,394 58,539 213,724 1038.97 769.77 9.26 51,483 4356.2 105.0168
2014 196812 58523 211,882 1075.43 772.53 9.52 56,360 4463.9 123.3936
2015 187,781 58022 199,880 1036.92 774.51 9.66 62,029 45773 140.991
2016 212,846 63,093 226,430 1207.6 776.03 9.82 67,569 46963 163.3022
2017 203,049 63,772 209,654 1213.11 776.4 9.72 74,318 4773.5 185.1511
2018 244937 63,194 258532 1384.56 775.86 9.74 82,413 4846.5 205.7493
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Figure 1. Road traffic accidents (RTA), injuries (IN), fatalities (FA) and direct economic losses (DEL)
over time (1999-2018).

By comparing road traffic accident data between 1999 and 2018, we found that, in terms of accident
types, noticeable changes occurred to accidents causing injuries and fatalities. In particular, the share
of injuries caused by accidents of non-motorized vehicles (e.g., bicycles, manually assisted vehicles)
dropped to 1% from 11%, although the shares of injuries caused by car and motorbike accidents
remain unchanged (Figure 2a).With respect to the number of fatalities, the share of fatalities caused
by vehicle-induced accidents rose to 75% from 60% in 1999, while the share of fatalities caused by
pedestrian-induced accidents dropped to 2% from 7% in 1999 (Figure 2b).
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Figure 2. (a) The injuries are distributed by type of road traffic accident (1999 and 2018); (b) The fatalities
are distributed by type of road traffic accident (1999 and 2018).
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For the sake of cross-sectional reference, we selected five macroeconomic factors that have been
intensively adopted in previous studies [10,16]. Figure 3 presents the distributions of average salaries
(AS), the number of employed persons (employment (EM)) and the number of unemployed persons
(unemployment (UE)) in China from 1999 to 2018. For variation trends of total mileage of highway
(TMH) and private vehicle ownership (PVO), see Figure 4. All these five groups of time series have
exhibited a fluctuant rising trend over recent years.
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Figure 3. Average salaries (AS), employment (EM), and unemployment (UE) over time (1999-2018).
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Figure 4. Total mileage of highway (TMH) and private vehicle ownership (PVO) over time (1999-2018).

3. Empirical Analysis

Presently, the most commonly seen cointegration tests include the Engle-Granger cointegration
test [28], the Johansen’s cointegration test [29] and the Autoregressive distributed lag (ARDL) bound
test [30]. The former two approaches are more suitable for data with large sample sizes, which require
the time series to be cointegrated of order 1 or 0, that is, all variables must be I(0) or I(1). Comparatively,
the ARDL bound test entails lower requirements on sample sizes, and its robustness is not affected by
small sample sizes. Furthermore, this test also has a lower requirement on time series, and cointegration
tests can be conducted on time series either being I(0), I(1), or mixed integrals using the ARDL bound
approach. In addition, the ARDL bound cointegration test can simultaneously estimate long- and
short-term effects. As such, this paper utilizes the ARDL bound cointegration approach to test the
effects of economic volatility on road traffic accident indicators. Figure 5 shows a diagram of the
five phases of this study. Based on the data selection and preprocessing in the previous section,
we first determined all variables as being I(0) or I(1) through unit root tests. Second, we used the
ARDL bound test to examine the cointegration of variables, and estimate the long-run and short-run
elasticity by the ARDL and error-correction model (ECM). Lastly, we used the vector error correction
model (VECM)-based Granger causality analysis to check the direction of causal relationships among
the variables.

1. Data 3. ARDL

. 2. Unit root : .
selecting and cointegration
tests

4. Granger
causality
tests

5. Analysis

: of results
preprocessing test

Analyze the
results and
put forward

Choose the : Estimate the
Determine
road traffic . long-run and
. all variables
accident short-run

indicators mu(s)tr ?(e 11)7(0) elasticity by
and macro- throuskh it the ARDL
economic & and ECM

roots tests
factors model

Check the
direction of
causal
relationships
among the
variables

preventative
measures
and
suggestions

Figure 5. Main phases of this study.
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The ARDL equation for our study is presented as follows:

pl p2 p3 p4
AlnX =cog+ Y, a1AInRTA;_; + Y, apAInIN;_; + Y, asAInFA;_; + Y, asAInDEL;_; ()
i=1 i=1 i=1 i=1

AL INRT A, + AgInINy_y 4+ A3InFA;_y + AJInDEL, 1 + &

where AS, ES, UE, TMH, and PVO are denoted by X, respectively. The first difference operator is
denoted by A, and the natural logarithmic form of the variable is denoted by In. The lag lengths are
denoted by p1, p2, p3, and p4, the white noise error term is denoted by ¢, and the time series operator
is denoted by ¢, where a1, arp, @3, and ay are short- or long-run multipliers for RTA, IN, FA, and DEL,
respectively. We also framed two types of hypotheses from Equation (1), representing long-run
relationships, the first of which is the null hypothesis of no cointegration (Hp: A1 = Ay = A3 = A4 = 0)
and the second of which is the alternative hypothesis (Hi: A1 # Ay # A3 # A4 # 0). If the null hypothesis
is rejected, the short-run and long-run relationships among macroeconomic factors and road traffic
accident indicators can be estimated by the model since the long-term equilibrium relationship exists.
The optimal lag order in the model is defined by the Akaike information criterion (AIC) and the
Schwarz-Bayesian criterion (SBC).

The second step is to estimate the long-run and short-run elasticity by the ARDL and ECM
model. For the long-run coefficients, ARDL models are listed in Equation (2). The short-run dynamic
coefficients are obtained by the corresponding ECM model as Equation (3):

rl
AInX = co+ Y, ey AInRTA;_; +
i=1

p2 r3 p4
Y asAInINi_j + Y. azAInFA,_; + Y. ayAInDEL;_;
=1 =1 i=1

i= i i 2
+é&t
pl p2 p3 p4
AlInX = cog+ Y, oy AInRTA;_; + Y, aoAInIN;_; + Y, asAInFA;_; + Y, ayAInDEL,_; 3)
i=1 i=1 i=1 i=1

+uwECM;_1 + &

where y; is the error correction term and stands for the speed of adjustment from convergence
to equilibrium.

The ARDL-ECM results provide information about the long-run and short-run dynamics but
do not provide the direction of the relationships, which is essential to develop policy implications.
Therefore, we used the vector error correction model (VECM)-based [31] Granger causality analysis [32]
to check the direction of causal relationships among the variables. The VECM Granger causality
approach conveys the short-run as well as the long-run causality among the variables. The VECM
Granger causality is formulated through Equation (4):

AlnX; o1 0119012013014y O15p AlnX;—p a1 o,
AIYZRTAt 62 q 921P922P923P924P625P AII’ZRTAt_p [2%) Uat

AInIN; = 63 + Z 631p632p633p934p635p X AIi’lINt_p +| as ECTit_1+ U3t (4)
AInFA; 04 p-1 641p 642}7 943,, 944;,, 94517 AI?’lPAt_p g Uat
AIHDEL,} 55 651p652p653p954p955p AITlDELt_p as Ust

where A is the first difference operator, p is the lag length, and u is the error correction term.
4. Results and Discussion

4.1. Unit Root Tests

The augmented Dickey—Fuller (ADF) [33] and Phillips—Perron (PP) [34] tests were selected in this
study. As listed in Table 3, the results of the ADF test show that all of the series conform to I(0) or I(1),
and the results of the PP test show that all variables conform to I(1) except private vehicle population
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and average salaries. The results of the PP test allow us to apply any method of cointegration tests as
all of the series fit I(1). However, the results of the ADF test indicate that all of the series are integrated
at I1(0) or I(1); therefore, only the ARDL bound cointegration test can be applied.

Table 3. Results of the augmented Dickey—Fuller (ADF) and Phillips—Perron (PP) unit root tests.

ADF Test PP Test
Variable Level First Difference Level First Difference

t-Value p I1(0)  t-Value P I1)  t-Value p 1(0)  t-Value P I(1)

RTA -5.9871 0.0002 YES -2.7375 0.0112 YES -0.5854 04503 NO -3.0986 0.0040 YES
IN -5.0755 0.0022 YES -809.0152 0.0001 YES -3.2998 0.0963 NO -3.3711 0.0021 YES
FA -0.9856 02781 NO  -2.9305 0.0059 YES -2.3419 03943 NO -2.8792 0.0066 YES
DEL -3.0905 0.0466 YES -2.6530 0.0111 YES -0.4987 04866 NO -2.6783 0.0105 YES
EM —2.1425 02325 NO -7.8469 0.0004 YES 4.7709 1 NO -3.0781 0.0042 YES
UE -5.6648 0.0032 YES -28.7953 0.0001 YES -10.2385 0 YES -1.7892 0.0706 YES
TMH —-4.5323 0.0045 YES -28.3829 0.0001 YES —-2.1153 0.2412 NO -3.8421 0.0007 YES
PVO -3.0419 0.0499 YES -1.9058 0.6077 NO 1.3783 09999 NO -25041 0.3222 NO
AS -1.9444  0.306 NO -109525 0.0001 YES —-39072 0.0085 YES -1.8279 0.0654 NO

4.2. ARDL Bound Cointegration Test

We used the ARDL bound cointegration test to examine the existence of a cointegration relationship
among macroeconomic factors and road traffic accident indicators. The chosen lag length was based on
the Akaike information criterion (AIC). AIC displays superiority over other criteria because it exhibits
better small sample properties [35]. The results of the cointegration test shown in Table 4 confirm that
long-run cointegration exists among InTE, [nTU, InTMH, InPVO, and road traffic accident indicators.
However, the cointegration relationship between InAS and road traffic accident indicators is uncertain,
because the value of the bound test F-statistic is 3.3262, which is between the upper and lower critical
bounds. A study of traffic accidents from Hong Kong [36] also found that the impact of GDP on traffic
accidents was ambiguous.

Table 4. Results of ARDL bound testing.

Modd e Sinifance  [eerl0 Upper
Inlﬁsln?:f’;fgg) ARDL (1,2,2,2,1) 3.3262 5% 3.05 3.97
I;ﬁilill\al}vlln?i(f?ng]?ﬁ) ARDL(1,0,1,2,2) 163.5342 1% 3.74 5.06
zrgﬁlinzpf,l ?rlfggi) ARDL (1,2,1,1,1) 8.3385 1% 3.81 492
{:&M}Hﬂ; A{ (}Zgg‘ﬁ) ARDL (1,2,2,2,2) 74.7924 1% 3.07 4.44
I%I;V%F: f{’ (ﬁg};‘i) ARDL (2,2,0,1,0) 5.9826 1% 3.07 4.44

4.3. Estimation of Long- and Short-Run Dynamics

The long-run and short-run dynamics for macroeconomic factors and road traffic accident
indicators in China were estimated using the ARDL and ECM model. The results of long-run
estimations are shown in Table 5, and short-run estimations are shown in Table 6.
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Table 5. Long-run estimations.

Dependent InEM InUE InTMH InPVO
Variables
Independent Lag Order (1,0, 1, 2,2) Lag Order (1,2,1,1,1) Lag Order (1, 2,2, 2,2) Lag Order (2,2, 0,1, 0)
Variables Coefficient  t-Statistic  Coefficient  t-Statistic = Coefficient t-Statistic Coefficient t-Statistic
InRTA —0.0847 *** —-7.6256 0.3954 ** 2.8726 —1.1212**  —4.2545 12.4637 0.8872
InIN 0.1196 *** 3.9201 —0.5492 * —2.4010 —1.8217 ** —3.8434 —18.4985 -1.2762
InFA —0.1454 *** —4.7967 0.223 1.2596 3.3855 *** 10.4211 14.5688 * 1.8458
InDEL 0.0314 *** 10.2691 —0.1251 ** —2.4603 0.4314 *** 4.8703 —6.3795 —-0.9322
T 0.0154 *** 5.5707
*,** and *** indicate the significance level at 10%, 5%, and 1%, respectively.
Table 6. Short-run estimations.
Independent
Variables InEM InUE InTMH InPVO
Dependent
Variables Coefficient  t-Statistic  Coefficient  ¢-Statistic  Coefficient #-Statistic Coefficient ¢-Statistic
C 2.7694 *** 35.9001 6.5080 *** 9.6169
D(InPOV(-1)) 0.6930**  13.7840
D(InRTA) —-0.0692 —-0.7199 0.5997 *** 9.1133 0.4609 *** 6.3802
D(InRTA(-1)) —0.1678 ** —3.5285 —0.4996 *** —4.7462 —0.1360 *** —4.7498
D(InIN) 0.0184 *** 17.6991 —0.1543 -1.7276 —-1.2031 ***  —16.5300
D(InIN(-1)) 0.7869 *** 9.4150
D(InFA) —-0.0004 —-0.2937 —0.1354 -1.6486 0.3029 *** 5.0018 0.1680 ** 2.5484
D(InFA(-1)) 0.0118 *** 9.6067 —0.8598 ***  —-10.3410
D(InDEL) 0.0035 *** 6.0647 0.0204 0.4391 0.0760 * 2.3187
D(InDEL(-1)) —0.0032 *** -5.7597 —(0.2752 *** —7.1043
ECM(-1) —0.2296 *** —35.8457 —0.8614 *** -9.5772 —0.7356 ***  —-259448  —0.0216 *** —6.5733

*,**, and *** indicate the significance level at 10%, 5%, and 1%, respectively.

Over the long term, EM is negatively correlated with RTA and FA; for every 1% increase in EM,
RTA and FA reduce by 0.085% and 0.145%, respectively. In the contrary, EM is positively correlated
with IN and DEL; for every 1% increase in EM, IN and DEL rise by 0.12% and 0.031%, respectively.
The opposite stands true for the long-term estimates of UE; within the 10% significance, every 1%
increase in UE is associated with a 0.395% rise in RTA, and decreases of 0.549% and 0.125%, respectively,
in IN and DEL. Such a result indicates that China’s economic growth is able to effectively inhibit
the total number of traffic accidents. However, from the perspective of accident severity, a high
employment rate is associated with a greater number of injuries caused by traffic accidents despite its
effectiveness in reducing the number of traffic accident-related deaths during the times of economic
prosperity. Economic recession and increased unemployment rate tend to result in a higher drunk
driving rate, thereby inducing a rise in fatalities [37]. A similar pattern was also confirmed by De
la Fuente [38] in his study of occupational accidents in Spain, which found that while deaths from
accidents were effectively inhibited during times of economic prosperity, the number of accident
injuries actually increased. Thus, taking severity into account when discussing the effects of economic
growth on accidents would generate more accurate and valuable results from a practical point of view.

There is a significant correlation between TMH, PVO, and road traffic accident indicators in the
long-run dynamics. A 1% increase of TMH leads to a 1.1212% and 1.8217% decrease in RTA and IN,
respectively, and leads to a 3.3855% and 0.4314% increase in FA and DEL, respectively. Within the
10% significance, every 1% increase in PVO is associated with a 0.146% rise in FA. The increase in
the total length of highway reduces the number of road traffic accidents and the resultant injuries;
however, in the meantime, it also increases the number of over-speeding and reckless driving behaviors,
thereby causing a rise in accident fatalities. Such a phenomenon is also confirmed by a Sweden-specific
study conducted by Niclas A. Kriiger [22]. Similarly, an increase in household income during
times of economic prosperity stimulates people’s desire to purchase vehicles [39]. Consistent with
Ahangari’s [40] study, an increase in vehicle ownership results in greater numbers of accident fatalities
along with the expansion in the market of private vehicles.
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As listed in Table 5, the short-run estimations report a significant relationship of TE, TU, TMH,
and PVO with traffic accident indicators. For both TE and PVO, the short-run estimated coefficients of
all road traffic accident indicators are significantly smaller than the long-run estimated coefficients.
It shows that the long-term impact of TE and PVO on traffic accident indicators is greater than the
short-term impact. The impact of TU and traffic accident indicators is insignificant in the short-run
dynamics, although they have a significant link in the long-run dynamics. With respect to TMH,
the short-term coefficients of all traffic accident indicators are invariably smaller than their long-term
counterparts, but the lagging traffic accident indicators across different orders exhibit alternatively
positive and negative effects on the current TMH, trending towards a salient effect over the long term.

All the ECM coefficients are negative and highly significant, implying macroeconomic factors and
road traffic accident indicators have the ability to converge back to a long-term equilibrium after a
short-term shock.

We used the cumulative sum (CUSUM) and cumulative sum of squares (CUSUMSQ) tests to
verify the stability of the parameters in the ECM model. The results are shown in Figures 6 and 7,
respectively. The figures indicate that the study model is a good fit because both the CUSUM plots and
CUSUMSQ plots lie within the critical bounds at the 5% significance level.

InEM InUE
8 8
& o 6
4 4
2 2

2012 2013 2014 2018 : 2016 2007 2018 2013 2014 2015 2018 2017 ! 2018

i —— CUSUM ---- 5% Significance | —— CUSUM ----- 5% Significance
InTMH mPVO
8 | 100
L 75+
1 P 50
2 w 25
’ "1 \w
p 251
8 . . . . J 1004 - . 8 . - |
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Figure 6. Plots of cumulative sum (CUSUM).



Sustainability 2020, 12, 10262 11 of 16

0.8

0.4

0.0

0.4 4

08

0.4

0.0

0.4+

InEM InUE

08+

0.4

0.0 4

. . | 0.4 . ; ; : 5
2012 2013 2014 2015 2016 2017 2018 2013 2014 2015 2016 2017 2018

—— CUSUM of Squares ------ 5% Significance —— CUSUM of Squares ------ 5% Significance
InTMH InPVO

2014 2015 2018 2017 2018 2010 201 2012 2013 2014 20156 2016 2017 2018

—— CUSUM of Squares ------ 5% Significance —— CUSUM of Squares 5% Significance

Figure 7. Plots of cumulative sum of squares (CUSUMSQ).

4.4. Granger Causality Tests within the VECM Framework

The results of the Granger causality test within the VECM framework are discussed in this section,

which are shown in Tables 7 and 8. In the short term, we found the following results:

1.

There is a short-run single directional causality from EM to IN at 5% significance level. Consistent
with the short-term estimates, an increase in the number of employed persons leads to a rise in
injuries caused by road traffic accidents. Studies show that economic volatility causes changes in
drivers’ behaviors [41], and risky driving behaviors tend to increase during times of economic
growth [42], thereby leading to a rise in accident injuries. Furthermore, drivers are more inclined
to have inattentive behaviors when traveling along familiar road sections [43]; an increase in the
number of employed persons brings forth noticeable commuting peaks and highly congested
urban traffic; monotonous and repeated commuting routes, as well as inattentive drivers, are more
likely to induce accidents predominated by injuries [44]. As shown in Figure 2a, the rise of
socioeconomic levels in China over recent years has been accompanied not only by enhanced
awareness of environmental protection, but also by the share of commuting via non-motorized
vehicles thanks to the designated lanes for shared bikes and non-motorized vehicles, resulting in
a significant increase in injuries caused by non-motorized vehicle accidents.

There is evidence of supporting a short-run single directional causality from PVO to FA. The result
of the Granger causality test shows that, over the short term, an increase in private vehicle
ownership leads to a rise in fatalities from road traffic accidents at 10% significance level.
As shown in Figure 2b, the share of fatalities caused by motorized vehicle accidents over the
past 20 years, which represent the major type of fatal accident in the country, rose to 75% in 2018
from 60% in 1999. This further confirms that increased motorized vehicle ownership leads to
a year-over-year increase in fatalities from road traffic accidents. With the increase in private
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vehicle ownership, more people have obtained driver’s licenses, and the entry of novice drivers
onto roads constitutes one of the most important factors causing the rise in accident fatalities [45].
3. In the short term, a single directional causality relationship is found from RTA, IN, and FA to
TMH. Over the short term, the volatility in road traffic accidents will affect changes in the total
length of highway, indicating that road traffic safety is an important premise for the development
of road traffic; the increase in the number of road traffic accidents, the number of fatalities and
injuries will exert an influence on road traffic planning and decision-making by management
authorities, thereby inhibiting the growth in the total length of highway over the short term.

Table 7. Granger causality results.

Independent Variables F-Statistics (p-Values)

Dependent Variables
D(InEM) D(InUE) D(InTMH) D(InPVO)
D(InRTA) 0.2348 (0.6280) 0.6370 (0.4248) 0.5548 (0.4564) 1.3436 (0.2464)
D(InIN) 3.8926 ** (0.0485) 1.1987 (0.1660) 0.4299 (0.5120) 0.5498 (0.4584)
D(InFA) 2.2128 (0.1369) 0.0364 (0.8486) 0.1832 (0.6686)  3.3122 * (0.0688)
D(InDEL) 0.0632 (0.8014) 0.0720 (0.7884) 1.2461 (0.2643) 0.5726 (0.4492)

* and ** indicate the significance level at 10% and 5%, respectively.

Table 8. Granger causality results.

Independent Variables F-Statistics (p-Values)

Dependent Variables
D(InRTA) D(InIN) D(InFA) D(InDEL)
D(InEM) 0.4783 (0.4892) 0.9705 (0.3246) 0.0511 (0.8211) 0.0035 (0.9526)
D(InUE) 2.1809 (0.1397) 0.8577 (0.3544) 0.0176 (0.8944) 1.9496 (0.1626)
D(InTMH) 123474+ (0.0004)  17.0718 *** (0.0000)  4.6102 ** (0.0318)  0.4144 (0.5197)
D(InPVO) 0.1639 (0.6856) 0.6144 (0.4331) 1.1949 (0.2743) 0.0329 (0.8560)

** and *** indicate the significance level at 5% and 1%, respectively.

5. Conclusions

This study aimed to test whether economic volatility exerts differentiated effects on indicators
and losses pertaining to road traffic accidents. To that end, we examined China’s road traffic
accidents spanning from 1999 to 2018 and discussed the different effects of five commonly used
economic indicators, namely, average salaries, employment, unemployment, total mileage of highway,
and private vehicle ownership, on the number of road traffic accidents, injuries, fatalities, and direct
economic losses, followed by an investigation of the long-term equilibrium and short-term interactions
among these indicators using the ARDL-ECM model. We found that all economic indicators except
average salaries have a long-term equilibrium with road traffic accident indicators, and their long-term
relationships are more salient than their counterparts over the short term. Specifically, employment is
negatively correlated with road traffic accidents and that of fatalities, but positively correlated with
injuries and direct economic losses. For every 1% increase in employment, the road traffic accidents
and fatalities decrease by 0.085% and 0.145%, respectively, whereas injuries and direct economic losses
increase by 0.12% and 0.031%, respectively. The opposite stands true for the relationship between
unemployment and these road traffic accident indicators; for every 1% increase in unemployment,
road traffic accidents increase by 0.395%, but injuries and direct economic losses decrease by 0.549%
and 0.125%, respectively. The total mileage of highway and road traffic accidents are negatively
correlated with injuries, but positively correlated with fatalities and direct economic losses. For every
1% increase in the total mileage of highway, road traffic accidents and injuries decrease by 1.121%
and 1.822%, respectively, whereas fatalities and direct economic losses increase by 3.386% and 0.431%,
respectively. Private vehicle ownership is positively correlated with fatalities; for every 1% increase
in private vehicle ownership, fatalities increase by 0.146%. The Granger causality test showed that,
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over the short term, an increase in employment could lead to an increase in injuries, an increase in
private vehicle ownership results in a rise in fatalities, and the short-term variations in road traffic
accidents, injuries, and fatalities directly affect changes in the total mileage of highway.

We found that volatility in economic indicators exerts significantly different effects on road traffic
accidents, injuries, and fatalities. Such a finding may help us to establish preventative measures that
are more economically efficient.

5.1. Employment and Road Traffic Safety

Our study finds that poor employment prospects lead to an increase in road traffic accidents
and fatalities, while improvements in employment further lead to an increase in injuries and direct
economic losses. We recommend that greater legislative efforts should be pursued in times of economic
recessions to regulate drunk driving and over-speeding, reduce upper speed limits of highways,
and standardize the use of safety belts in order to avoid the occurrence of fatal accidents. When the
employment rate increases, more efforts should be put into providing publicity and guidance related
to public safety, especially during peak commuting hours and at places like crossroads that involve
high pedestrian and vehicle flows [46]. A good cultural atmosphere revolving around traffic safety
should also be created in order to raise people’s safety awareness and prevent the occurrence of injury
accidents [47].

5.2. Total Mileage of Highway and Road Traffic Safety

Over the short term, the frequent occurrences of road traffic accidents will inhibit the increase
in the total mileage of highway. A failure to effectively control the occurrences of these accidents
may affect the overall decision-making taking place in local governments and relevant management
authorities over the short term, thereby producing a negative impact on the development of regional
road traffic. To address the issue, we recommend that protection fences be erected for different types of
road sections to raise the level of road traffic safety, on the one hand [48], and warning signs should also
be put up around areas entailing frequent occurrences of accidents, on the other hand. Improvements
in road traffic can only be achieved by ensuring the conscientious development of road traffic safety.

5.3. Private Vehicle Ownership and Road Traffic Safety

Over the long term, private vehicle ownership is positively correlated with road traffic accidents,
and a short-term increase in private vehicle ownership inevitably leads to a rise in fatalities. To avoid
the rise in fatalities caused by increased private vehicle ownership, approaches like increasing the
difficulty in obtaining drivers’ licenses or setting up classified drivers’ licenses can be implemented
in order to increase drivers’ proficiency and avoid high accident rates caused by novice drivers [49].
Additionally, studies have shown that risky driving behaviors such as the frequent use of mobile
phones also increase the fatality rate of non-professional drivers [50]. Thus, such behaviors can be
reduced through the implementation of an electronic policing system or the provision of adequate
publicity and guidelines.

Our research has some limitations. On the one hand, the data we collected are from 1999 to 2018,
which lacks timeliness. On the other hand, a significant number of macroeconomic data were collected
to support this study, but several factors were not considered in the analysis, such as the composition
of road traffic, considering “heavy injuries” and “light injuries” separately. In the following studies,
we will continue to use more econometric methods to examine the cointegration between road traffic
accident indicators and macroeconomic factors and compare the differences between these methods.
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