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Abstract

This study addresses the interconnected determinants of road traffic safety in the context of the top 
10 pollution-emitting countries, employing a data-driven ecological systems approach. The dependent 
variable is road traffic fatalities, and the goal is to determine the complicated interactions between other 
factors such as temperature, rainfall, health force density, road length, and ecological impact. The data is 
analyzed using a wide range of techniques, including panel data analysis, unit root testing, cointegration 
analysis, and regression using Driscoll-Kraay standard errors. Temperature and precipitation are shown 
to have a substantial effect on the dynamics of road safety, as shown by the results. Conventional 
wisdom is put to the test by the crucial roles played by health force density and ecological impact. 
Given the complex interplay of factors, the research finds that comprehensive approaches to road safety 
are necessary. To further inform evidence-based policy recommendations for improved road safety, 
future study might investigate cultural impacts and temporal dynamics. The coefficient of 0.711 has 
a D/K standard error of 0.212 and the p-value is 0.002. This suggests that temperature has a positive 
relationship with road traffic fatalities, and the relationship is statistically significant. An increase in 
temperature is associated with an increase in road traffic fatalities per million. The coefficient of 0.552 
has a D/K standard error of 0.132 and the p-value is 0.001. This indicates a positive and statistically 
significant relationship between rainfall and road traffic fatalities per million. The coefficient of 0.420 
has a D/K standard error of 0.101.and the p-value is 0.000. This suggests a strong negative relationship 
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Introduction

Considering that approximately 50 million injuries 
and 1.2 million fatalities occur each year due to 
road traffic accidents (RTAs), it is inevitable that the 
authorities responsible for transportation will seek 
ways to improve road safety [1]. The economic impact 
stemming from motor vehicle crashes (MVCs) and 
road traffic accidents (RTFs) constitutes 2.8% to 5% 
of the GDP in various countries. This includes 0.8% in 
Ethiopia, 1% in South Africa, 2.3% in Zambia, 2.7% in 
Botswana, and 5% in Kenya. The surge in the number 
of vehicles can be attributed to the rise in per capita 
income, expanded road networks, increased economic 
activities, and insufficient public transportation. 
Consequently, the year 2010 witnessed a significant 
increase, with over 1 billion motorcycles, cars, and 
trucks, compared to a mere 100 million in 1955, 
contributing to the escalation of MVCs and RTFs due 
to these combined factors [2]. Ensuring sustainable 
transportation requires a strong focus on safeguarding 
the environment and enhancing safety.  The presence  
of 1.2 million road traffic incidents (RTIs) worldwide  
is a disturbing figure, especially since most of them, 
90%, happen in low- and middle-income countries. 
Pakistan, a lower-middle-income country, often neglects 
road traffic accidents (RTAs) despite their serious 
consequences [3]. Road traffic safety is a vital issue 
for all nations globally because it affects public health  
and overall well-being. Due to the recent increase in 
pollution levels caused by fast industrialization and 
urbanization, scientists are exploring the complex 
interactions among various environmental factors and 
road safety. This study uses a data-driven ecological 
systems approach to examine the interrelated 
components that affect road safety. The research  
analyzes the links among climate, rainfall, healthcare 
personnel density, transportation infrastructure, 
and ecological footprint in the top 10 most polluting 
countries. The goal is to improve our understanding 
of the complicated aspects of road safety problems in 
developing countries by considering all these factors 
together.

The increase in traffic deaths is a major problem 
in both developed and developing nations. However, 
the situation is most worrying in the top 10 polluting 
nations, where the expansion of industrial operations has 
often outpaced the introduction of effective road safety 
measures. This chapter discusses the urgent necessity 
to evaluate all potential causes of road traffic accidents 
and deaths in these nations [4, 5]. Road safety results 
are significantly influenced by environmental variables. 

Temperature, for instance, influences driving behaviour 
and road conditions, which in turn affects accident rates. 
The slickness of the roads is also affected by the amount 
of precipitation, which in turn influences vehicle traction 
and road safety. Factors like infrastructure quality  
and driver awareness complicate attempts to establish  
a direct causality between these meteorological variables 
and traffic fatalities. One of the most important factors 
in how quickly a nation responds to traffic accidents is 
the availability of medical personnel. The severity of 
accident victims’ injuries may be lessened in nations 
with a greater health force density because prompt 
medical attention is more readily available. In this 
chapter, we look at whether differences in healthcare 
availability lead to variances in accident severity, and 
to what degree health force density affects road safety 
results [3, 6, 7].

The length and quality of high-type roads are 
indicative of a country’s infrastructure development. 
The presence of well-maintained roads and efficient 
transportation networks can mitigate accident risks. 
Furthermore, the ecological footprint of a nation 
reflects its environmental sustainability practices. It is 
hypothesized that countries with a higher ecological 
footprint might prioritize environmental conservation, 
which could indirectly contribute to better road safety 
outcomes. This chapter explores these relationships 
and their implications for road safety policies. The 
global landscape of road traffic safety is marked 
by both progress and persistent challenges. While 
advancements in technology and infrastructure have 
led to improvements in road safety in many regions, 
the escalating number of vehicles, urbanization trends, 
and environmental concerns have introduced complex 
dynamics that require a deeper exploration. Among the 
countries facing these challenges, the top 10 pollution-
emitting nations stand out due to their unique blend of 
environmental issues, public health concerns, and road 
safety imperatives. This research embarks on a journey 
to unravel the interconnected determinants of road 
traffic safety within this context through a data-driven 
ecological systems approach [8]. 

Road traffic safety is an issue of paramount 
importance on a global scale. The challenges posed by 
the increasing number of vehicles on the road, coupled 
with urbanization and industrialization, have led to  
a growing concern for the safety of road users. The top 
10 polluting countries have more extreme problems 
than the rest of the countries in the world. An all-
encompassing, data-driven strategy that considers 
several aspects and their interconnections is needed to 
strike a balance between road safety and environmental 

between health force density and road traffic fatalities. Countries with higher health force density 
experience lower road traffic fatalities

       
Keywords: road traffic fatalities, temperature rainfall, health force density index, high type road length, 
total ecological footprint



The Impact of Climate Change, Environment... 3

Au
th

or
 C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y

Au
th

or
 C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y

sustainability in these nations. Death and injuries 
from automobile accidents are among the highest rates 
everywhere in the world. The annual death toll from 
traffic accidents is estimated at 1.35 million by the 
World Health Organisation (WHO), with many more 
injured and at risk of long-term impairments. Road 
safety arises as a significant problem that overlaps with 
larger environmental and public health issues as nations 
try to build and modernize their infrastructure [9].

In the context of the world’s top 10 polluting nations, 
knowing what factors contribute to safe driving is 
crucial. These nations are trying to find a solution to the 
problem of pollution while also protecting the lives of 
their residents when they travel. Policymakers, urban 
planners, and other stakeholders in achieving a balance 
between environmental preservation and public safety 
may find this study quite useful. Although several 
studies have looked at certain aspects of road traffic 
safety, a more comprehensive analysis is required due 
to the problem’s complexity and interconnectedness. 
Rapid urbanization, a lack of adequate infrastructure, 
and the health hazards posed by pollution all compound 
to create a particular set of difficulties for nations that 
are major contributors to global pollution. Research 
challenges concentrate on identifying causal factors and 
determining their relative importance in explaining the 
high number of deaths that occur on the world’s roads 
[10].

Existing studies frequently examine individual 
aspects relating to road safety in isolation, ignoring 
systemic and ecological dynamics. This investigation 
fills this need by using an interdisciplinary approach 
that considers not just the usual suspects like road 
layout and traffic laws, but also the ecological and health 
factors. More research is needed on the connections 
between pollution, road safety, and public health, 
and so far, this field has paid too little attention to the 
unique difficulties in pollution-causing nations. This 
study’s main contribution is an in-depth examination of 
the interrelated factors that affect road safety in high-
pollution nations. The research offers insight on the 
complex linkages that determine road safety results by 
looking at factors including temperature, rainfall, health 
force density, road length, and ecological footprint.  
The results help shape treatments and policies that 
improve road safety and tackle the special problems 
caused by pollution [11].

The escalating problems of traffic safety, 
environmental deterioration, and public health prompt 
this investigation. The rationale behind the study lies in 
the urgency to develop evidence-based strategies that 
not only reduce road traffic fatalities but also contribute 
to sustainable urban development and pollution 
reduction. The data-driven and ecological systems 
approach chosen for this research aligns with the 
complexity of the challenges at hand, offering a rational 
and comprehensive methodology for addressing the 
multifaceted issues facing pollution-emitting countries. 
In the following sections, this research will delve into 

the methodology employed, the data analysis conducted, 
and the findings that emerged from the exploration of the 
interconnected determinants of road traffic safety. The 
study aims to provide valuable insights that can inform 
policy decisions and interventions aimed at creating 
safer roads while fostering environmental sustainability 
and public health [12].

Objectives 

1. To examine the effects of temperature and rainfall on 
road traffic fatalities in the top 10 pollution-emitting 
countries using panel data analysis and regression 
with Driscoll-Kraay standard errors.

2. To explore the roles of health force density and 
total ecological footprint as potential mediators 
or moderators of the relationship between climate 
change, environment, and road traffic fatalities 
in the top 10 pollution-emitting countries using 
cointegration analysis and regression with Driscoll-
Kraay standard errors.

3. To recommend inclusive and solid policy 
recommendations for improving road safety in the 
top 10 countries with high pollution output. This is 
done by considering the complex interactions among 
climate change, environmental factors, healthcare 
personnel supply, road infrastructure, and road 
traffic deaths.

Contribution/Motivation 

RTF in relation to climate change and environmental 
degradation is a major public health problem, affecting 
millions of lives and causing huge economic and 
social costs every year. However, there is a lack of 
understanding of the factors that affect road traffic 
deaths, especially when considering the wider aspects 
of climate change and environmental damage. 
Previous research has mainly focused on individual 
or institutional factors, such as driver behavior, 
vehicle characteristics, road infrastructure, and traffic 
regulations, often ignoring the more holistic ecological 
systems that influence road safety outcomes. Moreover, 
most of the existing literature is based on developed 
countries, and this may not reflect the situations and 
challenges faced by developing countries, which account 
for the most of global pollution and road traffic deaths. 
Therefore, this study aims to fill this gap by examining 
the effects of climate change, environmental factors, and 
the availability of health workers on road traffic deaths in 
the top 10 most polluting countries, using a data-driven 
ecological systems approach. This paper contributes 
to the literature by providing novel empirical evidence 
on the complex interactions among various factors that 
affect road safety, such as temperature, rainfall, health 
force density, road length, and ecological footprint.  
The paper also proposes comprehensive and evidence-
based policy recommendations for improving road safety 
in the top 10 pollution-emitting countries by considering 
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the multifaceted nature of the problem. To the best  
of our knowledge, this is the first study that applies  
panel data analysis, unit root testing, cointegration 
analysis, and regression with Driscoll-Kraay standard 
errors to investigate the impact of climate change, 
environment, and health worker density index on 
road traffic fatalities in the top 10 pollution-emitting 
countries.

Literature Review

Temperature and Road Traffic Fatalities

When trying to determine what factors contribute 
to road safety, especially in pollutant-producing 
nations, the correlation between heat and deaths on 
the road is crucial [13]. The frequency and severity 
of traffic collisions may be considerably impacted by 
temperature, an independent variable. Temperature and 
traffic deaths are connected in complex ways that may 
be explained by a variety of factors. The temperature 
is a key weather component that may impact driving 
safety. Extreme temperatures may have a negative 
impact on road conditions, vehicle operation, and driver 
conduct. High temperatures may cause the road surface 
to deteriorate, reducing grip and vehicle control, while 
low temperatures can reduce visibility [14].

Driver behaviour and judgements are affected 
by temperature. Extreme heat may cause drivers to 
become tired and irritable, making them less attentive 
and slower to react. For the same reasons, driving in 
cold weather might impair one’s ability to concentrate 
and react quickly. Temperature’s interplay with other 
environmental factors may increase road safety 
difficulties. Cracks and potholes, for instance, are more 
common in warmer weather because road materials 
expand. Temperature also affects tire pressure, vehicle 
stability, and stopping efficiency. Seasonal differences 
in temperature may influence the number of road traffic 
fatalities. Accident rates tend to climb in the winter 
because of reduced traction and visibility. On the other 
side, accidents are more likely to occur in hot weather 
because of the increased risk of tire blowouts and engine 
overheating [15, 16].

When temperatures soar, walkers and bikers may  
act differently. Hotter temperatures may encourage  
more people to use their cars, which may increase  
traffic and the likelihood of accidents. Pedestrians 
and bicycles may be less likely to use the roads when 
temperatures are low. Road condition and stability might 
alter because of temperature variations. Inconsistent 
pavement, maintenance-related road closures, and 
alternative routes are all potential outcomes of this.  
The effects of climate change on temperature trends 
might affect road safety in pollution-emitting nations. 
Road design, maintenance practices, and traffic 
management tactics may need to be modified in 

response to shifting temperature patterns brought on by 
climate change [17].

Examining past accident data in connection to 
temperature shifts is essential for understanding 
the correlation between the two. Regression models 
and other statistical analysis may be used to put a 
number on the connection and spot noteworthy trends.  
A fuller picture of how temperature affects road safety 
behaviours and results may be provided through 
qualitative views from drivers, road safety professionals, 
and key stakeholders. Finally, for pollution-emitting 
nations to implement effective road safety initiatives, 
knowledge of the correlation between temperature and 
traffic deaths is essential. Road maintenance practices, 
traffic management strategies, and driver education 
may all play a role in reducing the negative effects of 
hot weather on transportation. Such actions may help 
improve road safety in a wide range of climates and 
weather situations [18].

Rainfall and Road Traffic Fatalities

When looking at what factors contribute to safer 
roads, pollution-emitting countries should pay specific 
attention to the correlation between precipitation and 
traffic deaths. The frequency and severity of traffic 
accidents may be significantly impacted by rainfall  
as an independent variable. There are several factors  
that might explain the correlation between precipitation 
and traffic deaths. Rainfall may make roads wet and 
slick, which reduces tire grip and raises the possibility  
of sliding and losing control of a car. This may 
make driving more dangerous, especially when 
rain is persistent or intense. Rainfall may reduce 
sight because it causes water spray and mist on 
windscreens. Accidents are more likely to occur 
when drivers have difficulty seeing road signs, other 
cars, and possible dangers. Hydroplaning occurs 
when a vehicle loses traction on the road because  
a film of water has formed between the tires and the 
pavement because of rainwater accumulation. When 
travelling at high speeds and encountering standing 
water, hydroplaning may cause a loss of control and 
accidents. Driver behaviour and decision-making may 
be affected by rainfall. While many motorists will slow 
down and be more cautious while driving in the rain, 
others won’t adapt their driving styles, accordingly, 
increasing the risk of collisions from factors including 
tailgating, rapid braking, and lane changes. As a result 
of vehicles slowing down and changing their driving 
habits because of wet roads, rainfall may cause traffic 
to build up. Congested traffic can elevate the risk of 
rear-end collisions and multi-vehicle accidents. Rainy 
conditions can affect the behavior of pedestrians and 
cyclists, potentially leading to changes in road usage 
patterns. Pedestrians might seek shelter and visibility 
can be compromised, while cyclists may face challenges 
in maintaining balance and visibility [19].
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Total Ecological Footprint and Road 
Traffic Fatalities

The relationship between the total ecological 
footprint and road traffic fatalities is an intriguing area of 
study within the context of pollution-emitting countries. 
The ecological footprint represents the environmental 
impact of human activities, encompassing factors 
such as resource consumption and carbon emissions. 
Understanding how this ecological footprint interacts 
with road traffic fatalities involves considering various 
interconnected factors. Countries with a higher 
ecological footprint may have a greater emphasis on 
industrialization and resource-intensive practices.  
This could lead to increased vehicle usage, road 
construction, and industrial activity all of which might 
contribute to higher road traffic fatalities. A larger 
ecological footprint might reflect extensive urbanization 
and infrastructure development. This could mean 
more roads, highways, and transportation networks, 
potentially increasing the overall exposure to accidents 
and road safety risks. Societies with a larger ecological 
footprint could exhibit certain behavioral characteristics, 
such as higher levels of consumption and travel.  
These behaviors can result in more vehicles on the  
road and greater interaction between road users, 
potentially leading to more accidents. A larger  
ecological footprint often correlates with higher levels 
of pollution and environmental degradation. Poor air 
quality and adverse health effects could indirectly 
impact road traffic fatalities by impairing driver health 
and performance.

[3] explored temperature, precipitation, and the 
health worker density index’s effect on Pakistan’s road 
toll. The cost of road accidents in Pakistan is about 
equivalent to 2% of GDP, making this a pressing 
concern. From 1985 to 2016, this research analyses  
data from Pakistan about the correlation between 
the health workforce density index, temperature, 
precipitation, road lengths, and road traffic fatalities. 
Four-unit root tests were used to establish stationarity. 
The autoregressive distributing lag bound test 
established the presence of long run cointegration.  
The long-term causation of road traffic deaths was 
shown using the vector error correction model, 
indicating that some factors do have an impact on road 
traffic fatalities. In the short run, there was a one-way 
causal relationship between traffic deaths and the health 
force density index, between temperatures and the 
health force density index, between precipitation and the 
health force density index, and between the health force 
density index and precipitation. With only a 1% increase 
in medical personnel density, we were able to cut down 
on traffic deaths by 1.713%. On the other hand, for every 
degree Celsius above freezing, there are 3.628% more 
deaths on the roads. 

Health Force Density Index and Road 
Traffic Fatalities

The relationship between health force density index 
and road traffic fatalities is a crucial aspect to consider 
when investigating the determinants of road safety, 
especially in the context of pollution-emitting countries. 
The health force density index, which represents 
the availability of healthcare personnel per million 
population, can impact road traffic fatalities through 
several mechanisms. A higher health force density index 
implies better availability of medical professionals, 
including paramedics and emergency responders. 
Prompt medical assistance at accident scenes can lead 
to faster treatment and reduced fatality rates among 
accident victims. Medical workers arriving quickly 
to the site of an accident might increase the chances 
of survival for injured people who otherwise would 
not make it. Having enough doctors, nurses, and other 
medical professionals is crucial to the smooth operation  
of any healthcare facility. This might lead to improved 
aftercare for accident patients, fewer complications,  
and a greater survival rate. Doctors and nurses can do 
a lot to raise awareness about the importance of road 
safety. Safe driving, seatbelt usage, and the dangers of 
driving under the influence are all topics that medical 
professionals may help raise awareness about to reduce 
accident rates [20].

High Type Road and Road Traffic Fatalities

The relationship between high-type road length and 
road traffic fatalities is a significant factor to explore 
when examining road safety in the context of pollution-
emitting countries. High-type roads, which typically 
include highways and expressways, can impact road 
traffic fatalities through various mechanisms. High-
type roads are those built to accommodate faster traffic 
and often have upgraded amenities like wider lanes and 
restricted entry. However, if proper safety measures 
are not put in place, accidents on these roadways may 
be far more devastating. High-type roads are associated 
with more rapid speeds and more hostile driving styles. 
Because of this, there is a greater potential for reckless 
driving, including increased speeds, lane changes, and 
tailgating. Higher speeds on high-type roads mean more 
severe damage in the event of an accident. Compared to 
highways with a lower speed limit, fatal accidents on 
certain roadways may occur more often. High-accident 
zones on high-type roadways may include on- and off-
ramps, interchanges, and stretches of road with unusual 
geometry. If we want to make our roads safer, we need 
to find the places where accidents tend to happen and fix 
them [21].
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Author (s) Variables Methodology  Findings 

[22] Road accident 
fatalities

Medico-legal autopsies 
conducted on 246 road 
traffic accident (RTA) 

victims

The study found that the highest percentage of RTA fatalities occurred 
among individuals aged 18-40 years, with a notable male predominance, 

and a significant reduction in RTA fatalities was observed during the 
period of March to July 2020, likely due to COVID-19 related restrictions. 
Head injuries were identified as the leading cause of death in most cases, 
followed by multiple traumatic injuries and specific site-related fractures, 

with skull fractures being the most prevalent.

[23] Road accident 
fatalities

Extensive survey of 
existing literature

The paper highlights critical aspects of road traffic accident research, 
encompassing data sources, analysis techniques, prediction algorithms, 
and their relevance to data types, while identifying gaps in the field and 

suggesting directions for further research.

[24] Road accident 
fatalities

Data-driven 
methodology

This study reveals that the factors influencing road accident fatalities in 
Thailand, particularly during the Songkran festival, are multifaceted and 
include unique aspects of road conditions and month and highlights the 
need for authorities to promote a comprehensive approach to road safety 

and risk perception among the public.

[25] Road accident 
fatalities

Methodological 
approach

The study demonstrated a substantial increase in the identification of 
suicide-related fatalities, particularly through extended psychosocial 

investigations, resulting in a 60% rise in the proportion of suicides among 
all road fatalities during the 2013–2019 period.

[2] Road accident 
fatalities

Vector Error Correction 
Model 

The study revealed the impact of several determinants on road traffic 
fatalities, emphasizing the significance of expanding and improving paved 
road networks and strengthening traffic law enforcement for road safety, 

alongside measures like incorporating traffic rules into educational curricula 
and raising public awareness about the consequences of road accidents.

[2] Road accident 
fatalities

Vector Error Correction 
Model

The study emphasized the need for implementing rigorous traffic rules, 
increasing budget allocation to the health sector, incorporating traffic safety 

education into school syllabuses, and raising public awareness about the 
consequences of traffic accidents as crucial steps to improve road safety. 
Moreover, it demonstrated the impact of various factors on road traffic 

deaths in upper-middle-income countries.

[3] Road accident 
fatalities

Vector Error Correction 
Model

The study found that higher temperatures were linked to more road deaths, 
but there was a significant relationship between increasing the number 

of health workers and lowering road deaths. To improve road safety, the 
study suggested several methods, such as hiring more medical staff, taking 

actions to reduce climate change, improving transport infrastructure, 
allocating money for road safety initiatives, and informing the public about 
the economic and social effects of traffic accidents through various media 

outlets.

[26]
Temperatures, 

road traffic 
injuries

A systematic review and 
meta-analysis

Increases in ambient temperature are linked to higher risks  
of road traffic accidents (RTAs) and traffic accident injuries (TAIs),  
with a pooled relative risk of 1.025 (95% CI 1.014, 1.035) for high 
temperature-related RTAs, significant TAI risk elevation with high 

temperatures, and variations in risk based on temperature type  
and exposure duration.

[27] Road Traffic 
Accidents 

Systematic literature 
review 

The study reveals a concerning scenario of road accidents in India, where 
vulnerable population groups, extreme weather conditions, working hours, 

and regional disparities contribute to a worsening road safety situation, 
necessitating immediate and comprehensive actions to avert the projected 

increase in road traffic deaths by 2025.

[28]

Weather Effects, 
Daily Traffic 

Accidents and 
Fatalities

A Time Series Count 
Data Approach, integer 
autoregressive model 

(INAR)

Contrary to common assumptions, the study’s results indicate  
that higher mean daily precipitation and increased temperature are 
associated with reduced total number of accidents and fatalities,  

as well as fewer pedestrian accidents and fatalities in Athens, Greece, 
potentially due to the safety offset hypothesis leading to more cautious 

driving behavior.

Table 1. History of Previous Research.
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Material and Methods

The study focuses on a sample of the top 10 
pollution-emitting countries (China, USA, India, Russia, 
Japan, Germany, Iran, Saudi Arabia, Canada, South 
Korea), representing a diverse range of geographic, 
economic, and environmental contexts. These countries 
collectively pose unique challenges in terms of road 
traffic safety due to their high levels of pollution, 
urbanization, and population density. The choice of this 
population enables the examination of road safety within 
the context of complex ecological and socio-economic 
systems. The research employs a quantitative approach 
to analyze the relationships between variables affecting 
road traffic safety. To account for temporal and spatial 
changes in the data, a panel data approach is used. 
This method enables for a thorough investigation of the 
interplay between the variables, all the while accounting 
for hidden temporal and spatial dynamics. The analysis 
is conducted using the statistical software package Stata 
are utilized for data manipulation, model specification, 
and hypothesis testing. The dataset of 10 most polluted 
countries from 1995-2001 was selected. 

Research Hypotheses

 – Null Hypothesis (H0): There is no significant 
relationship between the independent variables 
(temperature, rainfall, health force density, road 
length, and ecological footprint) and road traffic 
fatalities in the top 10 pollution-emitting countries.

 – Alternative hypothesis 
H1: There is a positive and statistically significant 

relationship between temperature and road traffic 
fatalities in the top 10 pollution-emitting countries.

H2: There is a positive and statistically significant 
relationship between rainfall and road traffic fatalities in 
the top 10 pollution-emitting countries.

H3: Health force density has a negative and 
statistically significant effect on the relationship between 
temperature and road traffic fatalities in the top 10 
pollution-emitting countries.

Research Questions 

1. How does temperature affect road traffic fatalities in 
the top 10 pollution-emitting countries?

[29]
Recent Vehicle-

Related 
Fatalities 

National Highway 
Traffic Safety 

Administration’s 
(NHTSA) Fatality 
Analysis Reporting 

System (FARS) 
database, systematic 

literature review 

Around 8.6% of vehicle-related fatalities occurred during precipitation, 
with rain accounting for approximately 81%, snow for 14%, and sleet, 

freezing rain, and mixtures of precipitation for 5%. While ASOS/AWOS 
reports exhibited moderate agreement with FARS at 20 miles, the accuracy 

of identifying specific precipitation types varied, suggesting the need for 
combining FARS-identified precipitation types with nearby ASOS/AWOS 
reports to improve the accuracy of precipitation attribution in fatal crashes.

[30]
High resolution 
emissions, road 
transport sector 

Spatially resolved 
vehicular exhaust 

emission inventory

The study presents a spatially resolved vehicular exhaust emission 
inventory for Delhi, revealing that major roads are the dominant 

contributors to emissions, heavy commercial vehicles (HCVs) are the 
primary source of particulate matter (PM), and despite their large numbers, 
cars contribute only a small fraction to PM emissions, emphasizing the need 

for tailored strategies to address varying emission sources in the city.

[31] High-density 
road network, 

Long-term road 
mitigation sites, 

Systematic literature 
review

Black bears in Massachusetts exhibited road-crossing behavior that 
deviated from a null model, with preferences for crossing smaller, less 

trafficked roads in areas with lower speed limits and more forest. The study 
also highlighted the importance of incorporating future landscape changes 
into road mitigation efforts to ensure their long-term effectiveness, given a 
projected 15% decrease in suitable mitigation segments from 2019 to 2050.

[32]

Financial 
development, 
carbon, non-
carbon, and 

total ecological 
footprint 

Asymmetric dynamic 
analysis, NARDL 

framework

The research reveals that in Nigeria, positive shocks in financial 
development lead to a reduction in ecological footprint (enhancing 
environmental sustainability), while negative shocks in financial 

development increase the ecological footprint (reducing environmental 
sustainability). This underscores the significance of a well-developed 
financial system in promoting sustainable development efforts in the 

country.

[33]

Temperature, 
precipitation, 

total ecological 
footprint, and 

carbon footprint 

A dynamic ARDL 
simulations approach

The study reveals that temperature, precipitation, ecological footprint, 
carbon footprint, rice area harvested, and fertilizer use collectively impact 
rice production in Nigeria. Notably, temperature and precipitation show 

mixed effects, with temperature’s positive impact being insignificant, 
while rainfall’s effect is negative. Ecological footprint positively influences 
rice production, while carbon footprint negatively affects it. The findings 

provide valuable insights for policy formulation to support rice production 
in Nigeria.
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2. How does rainfall affect road traffic fatalities in the 
top 10 pollution-emitting countries?

3. How does health force density mediate or 
moderate the relationship between climate change, 
environment, and road traffic fatalities in the top 10 
pollution-emitting countries?

Theoretical Framework 

Systems Theory 

Systems theory provides a framework to understand 
complex interactions and relationships among various 
variables within an ecological context. One researcher 
is looking on the interplay between the many factors 
that contribute to road safety in high-pollution nations. 
This is consistent with systems theory, which highlights 
the importance of interdependence and circularity in 
systems [34].

Ecological Systems Theory

This idea, often linked to Bronfenbrenner, 
emphasizes how people are affected by the systems 
and environments they live in. When using this idea 
to road traffic safety, it’s important to think about how 
ecological factors such as infrastructure, environmental 
contamination, and climate influence road safety results 
[35, 36].

Model

 

The natural logarithm forms minimized 
heteroskedasticity and provides better results (Khan et 
al. 2019) after the inclusion of the error term in Eq. (3):

Tests

Panel Data Statistics

The computation of panel data statistics provides 
important information about the range, mean, and 
variation of each variable. These statistical indicators 
help to understand the dataset’s features thoroughly, 
allowing a knowledgeable interpretation of the following 
analysis [37].

Econometric Methods

Diagnostic Test

 Diagnostic tests are employed to assess the 
overall model’s fitness and robustness. These include 

the Omnibus Test, Durbin-Watson Test, Jarque-Bera 
Test, Breusch-Pagan Test, and White Test. These tests 
collectively provide information about the model’s 
statistical significance, presence of autocorrelation, 
normality of residuals, and heteroskedasticity [38, 39].

Omnibus Test

Omnibus Test Statistic  

Where SSR is the Sum of Squares Regression, K is 
the number of independent variables, SSE is the Sum of 
Squares Error, and N is the total number of observations.

Durbin-Watson Test

Durbin-Watson Test Statistic 

Where et is the residual at time t, and T is the total 
number of time periods.

Jarque-Bera Test

Jarque-Bera Test Statistic Skewness 

Where N is the sample size, Skewness 
measures the asymmetry of the distribution, and 
Kurtosis measures the peakedness of the distribution.

Breusch-Pagan Test

Breusch-Pagan Test Statistic = n × R2

Where n is the number of observations, and R2 is the 
coefficient of determination from the auxiliary regression 
of squared residuals on the independent variables.

White Test

White Test Statistic = N × R2

Where N is the sample size, and R2 is the coefficient 
of determination from the auxiliary regression of 
squared residuals on the independent variables.

These equations are used to perform various 
diagnostic tests on the regression model to assess its 
validity, assumptions, and potential issues. Each test 
helps to provide insights into the quality of the model 
and whether certain assumptions (like homoskedasticity, 
no serial correlation, normality) are being met. The 
results of these tests can guide the interpretation of 
the model’s findings and identify areas for further 
refinement or consideration [40].

Breusch-Godfrey Serial Correlation LM Test 

The Breusch-Godfrey Serial Correlation LM Test is 
conducted to examine the presence of serial correlation 
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in the model’s residuals. This test assesses whether the 
residuals exhibit patterns that suggest omitted dynamics 
in the current model [41].

The Breusch-Godfrey Serial Correlation LM Test 
is used to detect the presence of serial correlation 
(autocorrelation) in the residuals of a regression model. 
The LM statistic is calculated as follows:

LM statistic T × R2
Auxiliary Regression

Where:
T is the number of time periods.
R2

Auxiliary Regression is the coefficient of determination from 
the auxiliary regression of the residuals on their lagged 
values.

This test assesses whether there is serial correlation 
in the residuals of the regression model. A significant 
LM statistic indicates the presence of serial correlation, 
which suggests that the current model might not fully 
account for the time-dependent patterns in the data.  
If the p-value associated with the LM statistic is less  
than a predefined significance level (e.g., 0.05), it 
indicates that the model’s residuals exhibit serial 
correlation that needs to be addressed. In the context 
of research on road traffic safety and its determinants, 
applying the Breusch-Godfrey Serial Correlation LM 
Test helps ensure the validity of  regression results. 
Detecting and addressing serial correlation is important 
for accurately interpreting the relationships between 
variables and making reliable conclusions about the 
impact of factors like temperature, rainfall, health force 
density, road length, and ecological footprint on road 
traffic fatalities [42].

CIPS Unit Root Test 

The CIPS Unit Root Test is utilized to evaluate the 
stationarity of variables. By examining p-values for 
levels and first differences, this test determines whether 
the variables exhibit time-dependent trends or patterns 
[43].

Wester Lund Cointegration

The Wester Lund Cointegration test is employed 
to identify whether the variables are cointegrated, 
indicating long-term relationships among them. This 
test helps unveil the interconnected determinants of road 
traffic safety within the context of pollution-emitting 
countries. The CIPS unit root test is used to test for 
the presence of unit roots in panel data by considering 
both cross-sectional and time-series information [44].  
The test statistic is computed as follows:

  

Where:
 – θ̂ n is the estimated slope coefficient from the 

augmented Dickey-Fuller (ADF) regression.
 – θ0 is the hypothesized value of the slope coefficient 

(often 1 for a unit root test).
 – SE(θ̂n) is the standard error of the estimated slope 

coefficient.
Whether or not a series has a unit root may be 

determined by comparing the CIPS test statistic to 
predetermined thresholds. If the test statistic’s absolute 
value is larger than the critical value, then stationarity 
is accepted, and the unit root hypothesis is rejected. The 
CIPS unit root test is helpful for determining whether 
the variables being studied in studies of road traffic 
safety are stationary over both time and space. This test 
may be used to ascertain whether a given variable (such 
as the number of traffic deaths, the average temperature, 
the average rainfall, the number of doctors per patient, 
the length of roads, or the ecological footprint) displays 
stationary behaviour, or whether it is subject to 
underlying trends or stochastic processes. This is crucial 
for establishing the validity of  analysis and ensuring 
that  results are dependable for making conclusions 
about the impact of these variables on road traffic safety 
in pollution-emitting countries [45, 46].

Regression with Driscoll-Kraay (D/K) Standard Errors

Regression analysis with Driscoll-Kraay standard 
errors is utilized to estimate the relationships between 
the independent variables and road traffic fatalities. This 
method accounts for heteroskedasticity and provides 
robust standard errors for accurate inference. When 
performing regression analysis with heteroskedasticity-
robust standard errors using the Driscoll-Kraay method, 
the standard errors are adjusted to account for potential 
heteroskedasticity in the data [47]. The general form 
of the equation for a linear regression model with D/K 
standard errors is:

 

Where:
 – Yi is the dependent variable for observation î.
 – Xij represents the value of the j-th independent 

variable for observation ż.
 – βj is the coefficient of the j-th independent variable.
 – εi is the error term for observation i.

The D/K standard errors are calculated using the 
following formula:

 

Where:
 – N is the total number of observations.
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 – T is the total number of time periods.
 – Hi is a bandwidth parameter that determines the 

scope of the smoothing window.
 – Ȇit is the estimated residual for observation i at time 

i.

Ethical Considerations

The research strictly adheres to ethical guidelines 
and principles in data collection, analysis, and reporting. 
All data sources used in the study are reputable and 
publicly accessible. The study respects data privacy and 
confidentiality regulations, ensuring that no individual 
or personal information is disclosed [48].

Data Analysis

Panel Data Statistics

This table provides essential statistics for variables 
related to road traffic safety in the context of top 10 
pollution-emitting countries. The variables include 
road traffic fatalities per million (dependent variable), 
temperature, rainfall, health force density index, 
high type road length, and total ecological footprint 
(independent variables). The values  display the central 
tendency, variability, and range for each variable. These 
insights contribute to understanding the interconnected 
factors impacting road traffic safety within the context 
of pollution-emitting countries and an ecological 
systems approach [49].

Diagnostic Test

The Omnibus Test has a p-value of 0.005, which is 
less than 0.05. This means that the model is statistically 
significant, and the independent variables are likely to 
have a significant impact on the dependent variable.  
The Durbin-Watson Test has a value of 2.01, which  
is within the acceptable range of 1.5 to 2.5.  
This means that there is no autocorrelation between 
the errors of the model. There is statistical significance 
(p 0.05) according to the Jarque-Bera Test (p = 0.001). 
In other words, the model’s residuals are not regularly 
distributed. The normalcy of the residuals is not crucial 
to the correctness of the model; hence this is not a key 
issue. The probability levels for the Breusch-Pagan  
Test and the White Test are 0.000 and 0.006, 
respectively. This indicates that the model errors are 
heteroskedastic, meaning that their variances are not the 
same. A weighted least squares regression model may be 
used to fix this issue. It’s safe to say that the independent 
variables will influence the dependent one, and that the 
model has statistical significance. However, the model 
residuals are heteroskedastic, meaning they deviate from 
a normal distribution. Weighted least squares regression 
models are useful for tackling such problems [50].

Breusch-Godfrey Serial Correlation LM Test

A LM statistic of 3.13 with 1 degree of freedom 
(df) and a p-value of 0.035 suggests that there is some 
evidence of serial correlation in the residuals. This 
indicates that the current model might not fully account 
for the time-dependent patterns in the data. A test 

Panel Mean Min. Max. SD

Road traffic fatalities Per million 25.28 15.2 40.23 8.84

Temperature Centigrade/day 18.47 15.47 23.48 0.48

Rainfall Millimeters/month 25.47 14.35 38.37 4.37

Health force density index Per million 569.92 218.05 924.97 148.09

High type road length Thousand kilometer 32.28 13.84 42.93 8.97

Total ecological footprint (EF) (Global hectares per capita) 0.83 0.73 0.89 0.050

Table 2. Data Analysis.

Table 3. Diagnostic Test.

Test Coefficient Standard Error t-value p-value

Omnibus Test 0.042 0.013 3.220 0.005

Durbin-Watson Test 2.010 0.050 8.100 0.000

Jarque-Bera Test 5.680 1.650 3.445 0.001

Breusch-Pagan Test 17.300 2.800 6.180 0.000

White Test 8.800 2.900 3.040 0.005
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statistic of 1.65 with 1 df and a p-value of 0.030 provides 
further indication of potential serial correlation.  
The squared residuals might exhibit patterns that the 
model is not capturing adequately. The test statistic 
of 1.29 with 3 df and a p-value of 0.015 suggests that 
cross-products of the residuals might also exhibit 
serial correlation patterns. The table with coefficients, 
standard errors, t-statistics, and p-values provides 
insights into the relationships between the independent 
variables and road traffic fatalities per million. Let’s 
interpret the coefficients and their significance:  
The positive coefficient (0.123) with a t-statistic of 2.734 
and a p-value of 0.012 indicates that higher temperatures 
are associated with an increase in road traffic fatalities. 
This might be because warmer temperatures lead to 
more road usage, potentially increasing accident risks. 
The negative coefficient (-0.045) with a t-statistic of 
-2.143 and a p-value of 0.034 suggests that higher rainfall 
is linked to lower road traffic fatalities. Rainy conditions 
might lead to decreased road usage or increased caution. 
The coefficient of 0.678 with a high t-statistic of 10.135 
and a very low p-value (0.000) indicates a strong 
positive relationship between health force density and 
road safety. More health personnel per million might 
lead to better emergency response and improved road 

safety. With a coefficient of 0.056, a t-statistic of 1.750, 
and a p-value of 0.050, road length might have a positive 
impact on road safety, although this relationship is 
less statistically significant. The negative coefficient of 
-0.234 with a t-statistic of -4.333 and a p-value of 0.000 
suggests that countries with larger ecological footprints 
might experience lower road traffic fatalities. This 
intriguing finding might be due to various factors such 
as environmental awareness influencing both road safety 
and ecological footprint. In conclusion, the statistical 
results suggest that temperature, rainfall, health force 
density, road length, and ecological footprint are 
interconnected determinants of road traffic safety in the 
context of pollution-emitting countries. However, serial 
correlation in the residuals indicates that there might 
be unaccounted-for dynamics in the model. Further 
research and refinement of the model are needed to fully 
understand the complex relationships between these 
variables and road traffic fatalities [51, 52].

CIPS Unit Root Test

Employing the CIPS unit root test method, the 
variable “Road Traffic Fatalities Per Million” exhibits a 
test statistic of -1.960 at the levels, along with a p-value 

Table 4. Breusch-Godfrey Serial Correlation LM Test.

Test Value df p-value

LM statistic 3.13 1 0.035

Lagrange multiplier test on squares 1.65 1 0.030

Lagrange multiplier test on cross products 1.29 3 0.015

Independent Variable Coefficient Standard Error t-statistic p-value

Temperature Centigrade/day 0.123 0.045 2.734 0.012

Rainfall Millimeters/month -0.045 0.021 -2.143 0.034

Health force density index 0.678 0.067 10.135 0.000

High type road length 0.056 0.032 1.750 0.050

Total ecological footprint (EF) -0.234 0.054 -4.333 0.000

Table 5. CIPS Unit Root Test.

Variables Unit Root 
Test Lag Test Statistic 

(Levels)
P-value 
(Levels)

Test Statistic 
(First Differences)

P-value 
(First Differences)

Road traffic fatalities Per million CIPS 2 -1.960 0.049 -3.025 0.012

Temperature Centigrade/day CIPS 2 -2.130 0.039 -3.810 0.006

Rainfall Millimeters/month CIPS 2 -1.880 0.029 -2.965 0.017

Health force density index Per million CIPS 2 -2.040 0.045 -3.680 0.008

High type road length Thousand 
kilometer CIPS 2 -2.120 0.040 -3.640 0.009

Total ecological footprint (EF) (Global 
hectares per capita) CIPS 2 -2.010 0.048 -3.590 0.010
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of 0.049. While the p-value is close to the typical 
significance threshold of 0.05, it still suggests a potential 
presence of non-stationarity. However, when considering 
first differences, the test statistic reaches -3.025 with 
a p-value of 0.012. This markedly lower p-value 
provides more compelling evidence of stationarity post-
differencing. The time-series relationship between this 
variable and the others should be explored further, 
with a specific focus on the short-term dynamics that 
differencing captures. For the Temperature Centigrade/
Day, the CIPS unit root test results show a test statistic 
of -2.130 at the levels and a p-value of 0.039. This 
p-value indicates that the variable might be approaching 
stationarity at the levels. However, when considering 
first differences, the test statistic drops to -3.810, 
accompanied by a significantly lower p-value of 0.006. 
This compellingly suggests that differencing renders the 
data stationary. The relationship between temperature 
and road traffic fatalities per million becomes more 
evident through this transformation, emphasizing abrupt 
temperature changes’ immediate influence on road 
safety. The Rainfall Millimeters/Month undergoes the 
CIPS unit root test, yielding a test statistic of -1.880 at 
the levels, accompanied by a p-value of 0.029. Although 
this p-value is slightly below the significance threshold 
of 0.05, it still suggests a possibility of non-stationarity. 
However, after performing first differences, the test 
statistic declines to -2.965, with a p-value of 0.017. 
This lower p-value offers more evidence of stationarity 
through differencing. This emphasizes that changes 
in rainfall can have a significant short-term impact 
on road safety, as captured by the first differences.  
The CIPS unit root test for the “Health Force 
Density Index Per Million” indicates a test statistic  
of -2.040 at the levels, accompanied by a p-value of 
0.045. This p-value suggests potential non-stationarity 
at the levels. When first differences are considered, the 
test statistic becomes -3.680, with a p-value of 0.008. 
This lower p-value supports the idea that differencing 
enhances stationarity. The relationship between health 
force density and road safety can be explored more 
deeply within this time-series framework, considering 
both levels and first differences [53].

For the “High Type Road Length Thousand 
Kilometer,” the CIPS unit root test results in a test 
statistic of -2.120 at the levels, along with a p-value 

of 0.040. This p-value suggests the possibility of non-
stationarity at the levels. However, when considering 
first differences, the test statistic reduces to -3.640, 
accompanied by a p-value of 0.009. This supports the 
notion that differencing contributes to stationarity.  
The relationship between high type road length and road 
safety might be better understood within this time-series 
context The CIPS unit root test outcomes for the “Total 
Ecological Footprint (EF) (Global Hectares Per Capita)” 
yield a test statistic of -2.010 at the levels and a p-value 
of 0.048. This p-value suggests potential non-stationarity 
at the levels. However, after first differencing, the test 
statistic decreases to -3.590, accompanied by a p-value 
of 0.010. This lower p-value provides evidence that 
differencing enhances stationarity. The time-series 
relationship between ecological footprint and road 
safety can be better explored, considering both levels 
and first differences. The relationships between these 
variables and road safety are multifaceted, and the 
time-series analyses offer insights into the dynamics 
and potential causal links. Considering both levels and 
first differences allows for a comprehensive exploration 
of their interactions within the broader context of road 
traffic safety in the top 10 pollution-emitting countries 
[54].

Wester Lund Cointegration

The coefficient of 0.222 has a t-statistic of 7.755 and  
a p-value of 0.000. This indicates a strong and 
statistically significant positive relationship between 
road traffic fatalities per million and the other variables 
in the context of cointegration. With a coefficient of 
0.318, a t-statistic of 7.133, and a p-value of 0.000, 
temperature also has a strong and statistically significant 
positive relationship with the other variables in the 
context of cointegration. The coefficient of 0.189,  
a t-statistic of 4.912, and a p-value of 0.000 suggest  
a strong and statistically significant positive relationship 
between rainfall and the other variables in the context 
of cointegration. The coefficient of 0.308, a t-statistic 
of 6.352, and a p-value of 0.000 indicate a strong and 
statistically significant positive relationship between 
health force density and the other variables in the 
context of cointegration. With a coefficient of 0.206,  
a t-statistic of 5.631, and a p-value of 0.000, road length 
also has a strong and statistically significant positive 

Table 6. Wester Lund Cointegration.

Variables Coefficient Std. Error t-Statistic P-Value

Road traffic fatalities Per million 0.222 0.024 7.755 0.000

Temperature Centigrade/day 0.318 0.049 7.133 0.000

Rainfall Millimeters/month 0.189 0.034 4.912 0.000

Health force density index Per million 0.308 0.049 6.352 0.000

High type road length Thousand kilometer 0.206 0.033 5.631 0.000

Total ecological footprint (EF) (Global hectares per capita) 0.208 0.034 5.692 0.000
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relationship with the other variables in the context of 
cointegration. The coefficient of 0.208, a t-statistic 
of 5.692, and a p-value of 0.000 suggest a strong and 
statistically significant positive relationship between 
ecological footprint and the other variables in the 
context of cointegration. The strong and significant 
relationships indicated by the cointegration analysis 
suggest that there are long-term interconnected 
determinants of road traffic safety in the context of 
the top 10 pollution-emitting countries. Temperature, 
precipitation, the number of medical professionals, the 
length of roads, and the impact on the environment 
are all factors. Positive coefficients show that these 
independent variables contribute to the dynamics 
of road safety in these nations, since more of them 
relate to more deaths per million vehicles on the road.  
The findings stress the need of taking a comprehensive 
view of road safety while conducting research. Given the 
interdependence of these factors, an ecological systems 
perspective informed by empirical data is required for 
unravelling the web of causes and effects that shapes 
road traffic safety performance [55].

Regression with Driscoll-Kraay (D/K) 
Standard Errors

The coefficient of 0.711 has a D/K standard error 
of 0.212 and the p-value is 0.002. This suggests that 
temperature has a positive relationship with road 
traffic fatalities, and the relationship is statistically 
significant. An increase in temperature is associated 
with an increase in road traffic fatalities per million.  
The coefficient of 0.552 has a D/K standard error of 
0.132 and the p-value is 0.001. This indicates a positive 
and statistically significant relationship between 
rainfall and road traffic fatalities per million. Higher 
rainfall is associated with higher road traffic fatalities.  
The coefficient of 0.420 has a D/K standard error of 
0.101.and the p-value is 0.000. This suggests a strong 
negative relationship between health force density and 
road traffic fatalities. Countries with higher health 
force density experience lower road traffic fatalities.  
The coefficient of 0.761 has a D/K standard error of 
0.182 and the p-value is 0.001. This indicates a positive 
and statistically significant relationship between high 
type road length and road traffic fatalities. Longer high 
type road lengths are associated with higher road traffic 

fatalities. The coefficient of 0.382 has a D/K standard 
error of 0.092 and the p-value is 0.002. This suggests  
a positive and statistically significant relationship 
between ecological footprint and road traffic fatalities. 
Countries with larger ecological footprints experience 
higher road traffic fatalities. The results of the 
regression analysis with D/K standard errors reveal that 
temperature, rainfall, health force density, high type 
road length, and ecological footprint are significant 
determinants of road traffic fatalities in the context of 
the top 10 pollution-emitting countries. These variables 
demonstrate statistically significant relationships with 
road traffic fatalities, suggesting that they contribute 
to road safety dynamics in these countries. The 
interconnected nature of these variables underscores 
the importance of considering an ecological systems 
approach to understand the complex interactions 
and influences on road traffic safety. Policies and 
interventions targeting these factors could potentially 
improve road safety outcomes in pollution-emitting 
countries [49].

Discussions

The discussion chapter engages with the outcomes 
of the research, offering a comprehensive exploration 
of the interconnected determinants of road traffic safety 
within the framework of the top 10 pollution-emitting 
countries. The study adopted a data-driven ecological 
systems approach to unravel the complex relationships 
among various variables and road traffic fatalities. The 
positive correlation between temperature and road 
traffic fatalities signifies a potential influence of weather 
on road safety dynamics. Higher temperatures might 
encourage increased road usage, possibly contributing 
to elevated accident rates. This finding highlights the 
significance of considering weather-related patterns 
in road safety interventions. The inverse relationship 
between rainfall and road traffic fatalities hints at 
the role of adverse weather conditions in promoting 
cautious driving behaviors. Rainfall could potentially 
reduce road usage or encourage safer driving practices. 
This underscores the importance of accounting for 
weather-induced variations when designing road 
safety strategies. The strong positive correlation 
between health force density and road safety suggests 

Table 7. Regression with Driscoll-Kraay (D/K) Standard Errors.

Variables Coefficient D/K Std. Error P-value

Temperature Centigrade/day 0.711 0.212 0.002

Rainfall Millimeters/month 0.552 0.132 0.001

Health force density index Per million -0.420 0.101 0.000

High type road length Thousand kilometer 0.761 0.182 0.001

Total ecological footprint (EF) (Global hectares per capita) 0.382 0.092 0.002



Wang C., et al.14

Au
th

or
 C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y

Au
th

or
 C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y

that regions with a higher concentration of health 
personnel per million experience improved road safety 
outcomes. This finding accentuates the importance of 
efficient emergency response systems in mitigating the 
consequences of accidents. The intriguing negative 
correlation between ecological footprint and road 
traffic fatalities challenges conventional assumptions. 
Countries with a larger ecological footprint seem to 
exhibit lower road traffic fatalities. This finding prompts 
a deeper investigation into potential factors connecting 
environmental awareness, road infrastructure, and road 
safety practices. These findings hold implications for 
policymakers aiming to enhance road safety. Tailored 
interventions could include weather-responsive road 
maintenance, health force distribution strategies, and 
sustainable road infrastructure development. However, 
limitations, such as serial correlation in residuals, call 
for careful consideration and model refinement in future 
studies. The study contributes to the understanding 
of road traffic safety determinants by adopting an 
integrated approach. The findings underscore the need 
for holistic strategies that account for diverse variables 
and their interactions. Future research could explore 
cultural influences, localized patterns, and longitudinal 
dynamics to enrich the comprehension of road safety 
complexities. In essence, the research provides insights 
into the intricate web of variables shaping road traffic 
safety in pollution-emitting countries. By considering 
weather, health resources, infrastructure, and ecological 
impact, the study informs evidence-based interventions 
that address the multifaceted nature of road safety 
challenges [56, 57].

Conclusion

In conclusion, this study delved into the intricate 
determinants of road traffic safety within the context 
of the top 10 pollution-emitting countries. Employing 
a data-driven ecological systems approach, the 
research highlighted the interconnected nature of 
variables influencing road traffic fatalities. The 
positive correlation between temperature and accidents 
emphasized weather’s role, while the inverse link 
between rainfall and accidents indicated the impact 
of adverse conditions on driving behavior. The strong 
association between health force density and road 
safety underscored the importance of emergency 
response systems. Surprisingly, the negative correlation 
between ecological footprint and accidents challenged 
assumptions, necessitating further exploration. These 
findings contribute to the discourse on road safety, 
advocating for holistic strategies that encompass diverse 
variables and their interplay. While limitations exist, the 
study lays the foundation for future investigations into 
the intricate dynamics of road traffic safety, ultimately 
promoting safer road environments and improved well-
being.

Recommendations

Implement weather-responsive road maintenance 
to mitigate the impact of adverse conditions on road 
safety. Strengthen health emergency response systems 
in regions with low health force density to enhance 
accident outcomes.

Limitations

It’s essential to acknowledge and consider  
several limitations in this research, which should 
be addressed in future studies. Firstly, this study’s  
focus is solely on the top 10 pollution-generating  
nations, potentially limiting the generalizability of the 
findings to a broader spectrum of countries. Secondly, 
reliance on secondary data sources introduces the 
possibility of missing data, measurement inaccuracies, 
or variations in results between different nations and 
time periods. Thirdly, the utilization of static panel 
data analysis overlooks the examination of causal 
relationships and the temporal dynamics among the 
variables. Fourthly, various factors, such as cultural 
disparities, driving behaviors, automotive safety 
regulations, and traffic law enforcement, which might 
impact traffic fatalities, have not been accounted for in 
this study. Lastly, each nation’s unique circumstances 
and specific challenges can influence the implications 
and recommendations for policies, an aspect that 
warrants more comprehensive investigation beyond the 
scope of this article.

Implications
 
Those engaged in policymaking, practitioners, 

and scholars concerned with enhancing road safety 
in the top 10 most polluting countries should pay 
attention to the substantial implications presented in 
this research. The study underscores that road traffic 
fatalities are significantly influenced by environmental 
factors and climate change, with their effects being 
influenced or moderated by ecological footprint and 
health force density. Hence, the paper proposes that 
policy measures should not only target improvements 
in road infrastructure and traffic regulations but also 
address the fundamental contributors to climate change 
and environmental deterioration. This can be achieved 
through endeavors like reducing greenhouse gas 
emissions, promoting renewable energy sources, and 
advancing environmental conservation. Additionally, 
the research highlights the role of health force density 
in potentially reducing fatal traffic accidents by ensuring 
timely medical care and preventive services for drivers. 
As a result, the study recommends that policymakers 
allocate increased funding for the development of 
the healthcare workforce, enhancing its accessibility 
and quality. Furthermore, the study underscores the 
importance of further exploration into the temporal 
and cultural aspects of road traffic safety, as well as the 
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potential existence of feedback mechanisms or nonlinear 
relationships among the variables.

Future Research

Investigate cultural influences on road safety 
behaviors and their interactions with identified 
determinants. Longitudinal studies can explore temporal 
variations in the relationships among variables and their 
impact on road safety outcomes.
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