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Climate change, which is mainly caused by carbon emissions, has attracted
attention worldwide. With the continuous increase in temperature, the urban
heat island effect, extreme weather, and water shortages have seriously
affected the urbanization process. Through an empirical analysis of panel
data from 28 provinces in China from 2006 to 2018, this study examines the
impact of climate change-induced temperature changes on the urbanization of
China’s population. The results show that the urbanization level has a significant
double-threshold effect on the impact of temperature on urbanization. When
the urbanization level crosses the corresponding threshold value, the negative
impact of temperature on urbanization is relatively weak. Understanding the
impact of climate change on urbanization has become increasingly important
as climate warming increases. On the one hand, the climate issue has always
been a topic of common concern around the world. On the other hand,
studying how climate change affects population urbanization is conducive
to identifying the human factors that affect climate change and proposing
corresponding solutions. Simultaneously, it also provides a reference for
optimizing the distribution of urban and rural populations, and can
comprehensively consider the relationship between climate change and
urbanization in the formulation and implementation of policies. On this
basis, the Chinese government should strengthen financial support for
climate change, play a leading role in policies, improve the urban layout and
structure, and increase the resilience of cities to climate change.

KEYWORDS

climate change, economic development, environmental protection, threshold
regression, urbanization

1 Introduction

Under global warming, extreme weather conditions have become more and more
frequent. By 2010, the area affected by extreme heat waves in the world had tripled since
2000 (Zampieri et al., 2016), and by 2018, the frequency and magnitude of extreme high-
temperature weather in parts of China had almost doubled (He et al., 2022). Since its
reform and opening up, large-scale industrialization and sustained and rapid economic
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growth have enabled China to experience the largest and fastest
urbanization process in the world. According to data from the
National Bureau of Statistics of China, China’s urban population
accounted for 60.9% of the total population as of 2019. According
to the 2018 United Nations Urbanization Development Outlook,
55% of the global population currently lives in urban areas, and it
is estimated that this ratio will reach 68% by 2050. It is
indisputable that large-scale climate change and urbanization
on a global scale are prominent issues that the global population
must face. With the vigorous development of the economy and
the promotion of urbanization, the pursuit of living standards is
no longer limited to the satisfaction of basic conditions, such as
food, clothing, and warmth, but more to the common
development of material conditions and the spiritual world.
As the most populous country in the world, and in the
process of continuously improving the level of urbanization,
various environmental problems are more serious than those in
Western countries, particularly the lack of green space per capita
caused by a large population density. Climate change caused by
human activities has also brought multiple problems to natural
systems and urban development (Field et al, 2014). China’s
carbon dioxide emissions rank first in the world, accounting for
29% of global added value. Natural disasters caused by climate
change are becoming increasingly serious. Global warming has
caused the melting of glaciers, accelerated evaporation of water
resources, and destruction of ecological balance. At present, due
to the rising temperature, environmental pollution and
deterioration of air quality in certain urban areas of China,
there has been a phenomenon of urban population transfer to
suburbs, small and medium-sized cities, or rural areas.

Under the influence of climate change, the temperature in
Northeast China is increasing annually in winter (Zhou et al,
2020). The most direct reason for the increase in temperature is
the increase in greenhouse gases, particularly carbon dioxide
emissions. Some scholars believe that urbanization promotes
carbon emissions (Huo et al, 2020), but while human
socioeconomic activities lead to climate change, climate
change also affects human socioeconomic activities, and there
is considerable interaction between socioeconomic and climate
systems (Karl et al., 1988). The heat island effect brought about
by the process of urbanization (Shepherd and Burian, 2003) and
the uneven distribution of precipitation will have a severe impact
on the local climate (Matsumoto, 2019). The impact of climate
change on people’s lives is also large, which may lead to nonlinear
changes in crop yield (Chen et al.,, 2016), affect electricity demand
(Fan et al, 2019), reduce labor productivity in artificial
production caused by changes in ambient temperature, and
cause substantial economic losses (Cai et al., 2018). According
to reports by the International Energy Agency and the
Environment Agency, under the influence of COVID-19,
carbon emissions worldwide have been significantly reduced
in a short period of time, and China’s air quality has
significantly improved (Wang et al, 2021). As various
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industries have been severely impacted by the epidemic,
multiple companies face the risk of bankruptcy. When the
new crown epidemic has eased, its energy use and greenhouse
gas emissions in the process of recovery of industrial production
and manufacturing will very likely exceed that before the
outbreak (Wang and Su, 2020). If a city’s system to deal with
climate change is imperfect, it is likely to lead to a sharp decline in
air quality, affecting the physical and mental health of residents,
thus affecting the level of urbanization. Frameworks for
understanding the resilience of cities to the impacts of climate
change are still developing (Davoudi et al., 2012; Silva et al,
2012), and cities are still struggling to adapt their policies and
institutions to mitigate the adverse impacts of climate change.
The spatial distribution pattern of the population will be deeply
affected by factors such as resource and environmental
constraints and economic and industrial guidance. Currently,
China’s urbanization process and population density are showing
serious regional imbalances, and the eastern coastal areas have
formed a large-scale economy. However, urbanization levels in
the central and western regions were relatively low. Although
regional differences in population urbanization are closely
related to regional economic development, differences in
climate and the environment also have an important impact
on the process of regional urbanization. China should attach
great importance to the environment and air quality in the
economic development process in order to achieve sustainable
development and create a green economy (Chai et al., 2021).
Most studies on climate change have focused on agricultural
production and carbon emissions. Few scholars have explored
the impact of climate on labor mobility and urbanization.
Therefore, this study conducts an empirical analysis on
whether climate change can affect China’s urbanization, which
is expanding perspectives in the field of climate change, and how
rational urban planning can improve resilience to climate
change. On the one hand, this paper discusses the impact of
climate driving on the urbanization level of different Chinese
provinces from the perspective of temperature change, which
further enriches the research content of climate change. On the
other hand, this study first uses the maximum and minimum
temperatures as independent variables to improve robustness,
and then constructs a GMM regression model, which effectively
solves the problem of endogenous variables. In addition, a
threshold regression method was used to study the possible
nonlinear climate and

relationship ~ between change

urbanization levels.

2 Literature review and hypothesis

The effects of climate change are manifold. Climate change is
an important topic worldwide, and some recent studies have
considered the interaction between socioeconomic and climate
systems in climate change research (Monier et al., 2018). At the
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macro level, Nordhaus summarized a large number of
macroeconomic studies on the different impacts of climate
change, such as damage to agriculture, coastal areas, amenity
values, biodiversity, and human health (Nordhaus, 1997). A city
is a whole of “society-ecology-technology,” composed of closely
connected parts, driven and contributed by social, ecological, and
technological forces (Monstadt, 2009). When any of these factors
change, it will have an impact on urban development and even
economic growth. For example, high temperatures will cause
economic losses (Rezai et al., 2017; Nagy et al., 2018), and the
relationship between GDP loss and global average temperature
increase is roughly linear (Jun'Ya et al., 2017). The adverse effects
of climate change on urbanization mainly manifest as changes in
energy consumption (Giannakopoulos and Psiloglou, 2006),
increased mortality and spread of infectious diseases
(Alcoforado et al, 2015), coastal city safety issues (Takagi
et al, 2016), infrastructure damage (Huong and Pathirana,
2013), and water scarcity (Kummu et al., 2010). At the micro
level, climate change will impact the health and mentality of the
individual labor force, thus affecting working hours and
efficiency (Xiang et al, 2014; Li et al, 2016). Notably, the
impact on outdoor workers, such as agricultural workers, is
greater than that of indoor workers (Kjellstrom et al., 2009),
because the most direct impact of climate change on human
health is through the thermal effect of carbon emissions.
According to the Intergovernmental Panel on Climate Change
forecast, the global average temperature is expected to increase by
2°C by 2100. In the report “Cities and Climate Change” published
by the
Development, it is pointed out that compared with rural

Organization for Economic Co-operation and
areas, there is a large amount of concrete and asphalt in cities,
as well as equipment such as factory machines, household
appliances and urban lighting of residual heat. At the same
time, the large area of urban buildings destroys the urban
greenspace ecosystem and further aggravates the urban heat
island effect. Climate change alters the composition of
chemical pollutants in the atmosphere, potentially causing air
pollution, particularly in densely populated areas, and adversely

affecting urbanization. Based on this, Hypothesis 1 was proposed.

H1. Climate change has a negative impact on population
urbanization.

The current political environment in the majority of countries
emphasizes economic growth, and cities are under pressure to
contribute to national development and innovation processes
(Bettencourt et al., 2007; Shearmur, 2012). The level of urban
development is crucial for a country’s economic growth. In
addition to industrialization and policy factors, economic
growth and structural adjustment, especially trade opening, are
the main drivers of urbanization in China (Zhang, 2002).
According to the Paris Agreement, countries have made
However, if

commitments to control carbon emissions.

reducing carbon emissions requires sacrificing economic
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growth, the motivation and efforts of countries to commit to
reducing emissions will be greatly reduced (Wang and Zhang,
2021). Simultaneously, to reduce the spread of COVID-19, many
countries have implemented foreign trade restrictions. Therefore,
the rise of trade protectionism has brought new challenges to
carbon emission reduction in various countries. The world is
undergoing a significant urbanization process, while China has
made great achievements in urbanization since the reform and
opening up (Yy et al, 2019), whose speed and scale are much
higher than those of other countries in the same period (Wang and
Li, 2019). However, the environmental problems brought about by
the extensive economy have gradually emerged, and China is
facing enormous pressure to control environmental pollution.
Although the government has strengthened its control of
environmental pollution by promulgating a series of policies
and regulations, there is still a long way to go to control
environmental pollution in China (Song et al., 2020). With the
further improvement of the urbanization level and the rise of
temperature, environmental pollution is bound to become an
important factor affecting the health of urban residents (Reiner
etal,, 2015), which will have an adverse impact on urbanization. In
recent years, urbanization in China has been increasing rapidly,
however, the problem of the urban population not increasing
simultaneously has received a lot of attention. Previous studies
the
environmental pollution, and residents’ health. The impacts of

have examined relationship  between  urbanization,
climate change on urbanization are increasingly evident, as urban
liveability is becoming vulnerable to extreme weather conditions,
such as persistent heatwaves and flooding. Cities provide 80% of
jobs worldwide and have long been the main drivers of social
innovation and wealth creation, however, cities consume more
than 3% of the planet’s total resources. Half and three-quarters of
total greenhouse gas emissions (Xu et al., 2021). Air pollution and
anthropogenic heat from urbanization adversely affect physical
and mental health (Michail et al, 2013; Mueller et al., 2017).
Because the income level of urban residents is generally higher
than that of rural areas, they can more easily choose to live in other
areas with a better natural environment when they suffer from
environmental problems caused by climate change. The cost of
relocation leads to the creation of an environmental poverty trap,
which in turn affects the promotion of urbanization. Concurrently,
due to the wvast territory of China, various climatic and
environmental problems caused by urbanization will not be
effectively solved due to differences in the regional economy
and natural environment, resulting in the emergence of urban
populations in some areas, to suburbs, small and medium-sized
cities, and rural areas. This phenomenon of transfer is called
Chinese

“counter-urbanization” according to the specific situation in

“counter-urbanization”. researchers have explored
China’s urbanization process. Their results show that, although
counter-urbanization has not yet fully arrived in China, residents’
concerns about their physical health caused by external adverse
conditions, such as environmental pollution and traffic congestion,
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may affect the influx of the labor force into cities (Wang et al,
2019). For China, which is still in the development stage, the
slowdown of urbanization will weaken the driving role of its
political and cultural center, which is detrimental to the overall
development of the country (De Matteis, 1986). With the
increasing pressure of climate change and urban problems,
urban functions may be decomposed into livable small- and
medium-sized towns and villages, and the urban population
will flow to the suburbs and rural areas. However, as provinces
with a high level of urbanization have a more complete
infrastructure, urban planning may be relatively reasonable, and
the scale of the tertiary industry that can attract talent is growing
on this basis, therefore, the impact of climate may be different.
Simultaneously, owing to temperature differences in different
regions, not all regions suffer economic losses due to climate
change. Owing to the relative advantages brought about by
differences in labor productivity changes between different
regions, some regions in medium- and low-temperature areas
have achieved positive economic benefits (Matsumoto, 2019).
According to the EKC curve hypothesis, environmental quality
first declines with economic growth and then gradually improves
after economic growth reaches a certain level, showing an inverted
U-shaped trend (Renzhi and Baek, 2020; Liu and Lai, 2021).
Economic growth and climate change may lead to changes in
urbanization, the effects of which may be nonlinear. The three
dimensions of sustainable development mentioned in the
“2030 Agenda for Sustainable Development” are social,
economic, and environmental (Nations, 2015), and they interact
with each other. Urbanization, as an important factor at the social
level (Yao et al, 2021), will inevitably have an impact on
urbanization when climate changes, and ultimately affect the
relationship between economic and ecological footprints (Wang
et al,, 2022). Therefore, Hypothesis 2 is proposed.

H2. Climate change has a nonlinear effect on urbanization.
When the urbanization level is greater than the threshold, the
negative impact of climate change on urbanization weakens.

Although the scope of this study is similar to that of the
existing literature, it contributes to the existing literature in
several respects. First, the existing literature mainly studies the
relationship between the economy and the environment and
seldom examines social factors. This study examines
urbanization, an important indicator of the social dimension,
and improves relevant research in the field of sustainable
development. Second, as temperature is the most intuitive
feeling of climate change, this study adds the highest and
lowest temperatures on the basis of average temperature,
which improves the robustness of the research; alternatively, it
can enable the government to utilize more ways to analyze the
specific causes of climate change and provide a basis for
formulating policies related to environmental protection and
urbanization development.
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3 Variable definition and model
construction

3.1 Variable definition and data selection

Urbanization is the phenomenon or process of population
concentration in cities or urban areas and an increase in the
density of urban settlements within a given territory. As a
process of population migration, first, there is an increase in
the proportion of the population living in all urban areas.
Second, this proportion of the population is increasingly
concentrated in larger urban settlements (Gu, 2019). This is
accompanied by migration of the population from rural to
urban areas, and rural areas gradually evolve into urban areas.
China is the most populous country in the world, and there is a
very significant gap between the rich and the poor in the East
and the West, which will lead to greater population mobility.
Due to the distribution of climate stations and lack of data, this
study used panel data of 28 Chinese provinces from 2006 to
2018. Climate data from 28 provincial-level weather stations in
China, and other data were obtained from China’s National
Bureau of Statistics. A base climate station was established with
the approval of the local land administration department, the
urban and rural construction and environmental protection
department, and the National Meteorological Bureau after
surveying the site and proposing a plan by the provincial
meteorological bureau. The distribution of the base climate
stations is based on the distribution of climate zones in China
and is determined by the size of the climate zones and spacing
requirements of the base climate stations. There is a certain
distance requirement according to China’s terrain, climate,
and other circumstances. The base climate station makes
hourly climate observations and submits meteorological
records to national and provincial meteorological
administrations. Therefore, we used the mean temperature
of the climate station located in the province to represent
the annual mean, maximum, and minimum temperatures of
the province.

3.2 Variable definition

3.2.1 Independent variable

The annual mean, maximum, and minimum temperatures of
the climate station located in the province were used to represent
climate change.

3.2.2 Dependent variable

In this study, the ratio of the permanent urban population to
the total resident population of the region, namely the
urbanization rate, was used as a substitute index of the
urbanization level as the dependent variable.
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TABLE 1 Variable definition.

Variable type Variable name

Independent Climate change
variable in the province
Dependent variable ~ Population
urbanization
Control Variables Fdi Foreign direct investment
GDPg GDP growth
Pg Natural population growth rate
Proad Per capita road area
Redi Real estate development investment
Tt Proportion of tertiary industry
Asl The average wage of urban workers

3.2.3 Control variables

According to Wu et al. (2020), the control variables are the
average wage of urban workers, GDP growth rate, natural
population growth rate, foreign direct investment, proportion
of tertiary industry, and real estate development investment.
Table 1 presents a more intuitive description of the variables.

3.3 Basic regression analysis

Before panel threshold regression, random- and fixed-effect
models were used for regression analysis. To ensure the
robustness of the equation, the annual maximum and

minimum temperatures were added to the regression.

Ur = ay + ay At [ Max; [ Min, + a;Control + w; + 8, + & (1)

Because of inertia or partial adjustment, an individual’s current
behavior depends on past behavior. In the panel model, the
dynamic panel model takes the lag of the dependent variable as
the independent variable and considers the lag effect of the
dependent variable (Alvarez and Arellano, 2003). That is, the
impact of the urbanization process is temporal, and the climate
impact of the current urbanization process is at the beginning of
the next stage; therefore, this study adopts a dynamic panel model.
To prevent the endogeneity problem, the SYS-GMM model was
constructed to investigate whether there is a linear relationship
between climate change and urbanization level. According to Wu
et al. (2019), urbanization may be affected in the early stages.
Therefore, Ur-1 was added to the model as an independent
variable to obtain the benchmark model for this study.

Ur = B, + B,Uri1 + B,At [ Max; [ Min;, + 8, Asl, + B,GDPg
+ BsPgic + B Ttiy + B, Fdiy + BRediy + w; + 6 + &
(2)
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Variable measurement

Annual mean temperature, annual maximum temperature and annual minimum temperature of the climate station located

The proportion of the urban population to the total population

3.4 Threshold regression model

Threshold regression refers to selecting a variable as the
threshold variable, dividing the regression model into
multiple intervals according to the threshold, classifying the
samples after regression, and comparing the coefficients of
different intervals (Wang and Wang, 2020). The panel
threshold data proposed by (2000)
implements parameter estimation and hypothesis testing of

model Hansen.
the threshold values using strict statistical inference methods.
When the climate changes, particularly when the temperature
increases due to greenhouse gas emissions, weather problems
such as the heat island effect and uneven spatial distribution of
precipitation will have adverse effects on urbanization. When
urbanization reaches a certain height, the ability of cities to
deal with the harm caused by climate change gradually
improves, therefore, the adverse impact of climate change
on the urbanization process will be alleviated. Therefore, in
this study, a panel threshold data model was used to reveal the
nonlinear influence of temperature on urbanization. In
contrast to the past, this study considers urbanization as
the threshold variable, which is also the explained variable
in the model. The panel threshold model of the nonlinear
correlation between temperature and urbanization was

constructed as follows:

Ur =y, + y, Aty + ,*M*I (-) + p,Control + w; +&;  (3)

where i represents province; t represents year; w and § represent
the individual effect, time effect, and random effect; «y, 8, and y,
are constant terms of each model; «; and 3, correspond to the
explanatory variable coefficients of each model; y, is the
coefficient vector of the explanatory variable of the threshold
model; and M is the vector of the explanatory variable. I (-) is the
threshold condition indicator function to be analyzed.
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TABLE 2 Descriptive statistics.

Variable Obs Mean Std.Dev  Min Max

Ur 364 53.010 12.690 27.490 89.600

At 364 12770 7.720 ~3.060 25.380
Max 364 36.070 3470 20.400 44.000
Min 364 -12.820 15.780 ~42.800 11.100

Asl 364 45559.570 20423940  15370.000  140000.000
GDPg 364 13.060 7.120 ~22.400 32270

Pg 364 0.740 1.370 -6.740 17.030

TH 364 42.440 7.190 28.600 70.940

Fdi 364 610000.000  733000.000  71.070 3580000.000
Redi 364 2305.230 2203.650 31.180 14412.190

4 Results and discussion

4.1 Descriptive statistics and stationarity
test

Table 2 presents the descriptive statistics. It can be seen from the
table that the maximum urbanization level of the sample provinces is
89.600 and the minimum is 53.010, indicating a large gap in
urbanization level across the country. The maximum annual
average temperature is 25.380, the minimum is -3.060, the
maximum annual maximum temperature is 44, and the minimum
temperature is —42.800. Thus, owing to the large latitude in China, the
annual average temperature of each province is very different.

The GMM is a common parameter estimation model.
Arellano proposed the first-order difference GMM method
and has continuously improved it to form a system GMM,
which can solve the shortcomings of the estimation of the
endogeneity problem of the original variables. By combining
the horizontal and difference regression equations, the lag level
was used as the instrumental variable of the first-order difference,
and the first-order difference was used as the instrumental
variable of the horizontal variable to obtain an unbiased
estimation result. In this study, a systematic GMM with a lag
term was established to study the impact of temperature change
on urbanization. The unit root test is an important method for
determining the stationarity of variables, which is the premise of
time series modeling. Since most macroeconomic variables are
non-stationary, their stability of economic variables must be
tested before further analysis (Wu et al, 2019). As a test
method for panel data, the unit root test was proposed by
Levin and Lin (Andrew et al., 2002), who relaxed the original
assumption of independence and the same distribution,
proposed a test method of independence and different
distributions, and allowed the existence of heteroscedasticity.

LLC and IPS tests were used to test the stability of the relevant
variables. From Table 3, we can see that all relevant variables
reject the 1% unit root hypothesis.
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TABLE 3 Stationarity test.

Variable IPS test LLC test Result
Ur —7.113% —26.601+%* Stable
At —5.249%* ~19.503*%* Stable
Max —5.194%%% —19.217%%% Stable
Min —5.066%* ~18.961*% Stable
Asl —7.593%* —28.653%%¢ Stable
GDPg —5263%* —19.611%% Stable
Pg —6.644%¢ —25.231%¢ Stable
Tti —5.259%¢ ~19.620%* Stable
Fdi —4.813%% ~17.897%¢ Stable
Redi —3.994% —14.734%%¢ Stable

p < 0.01, **p < 0.05, *p < 0.1

From Table 4, it can be concluded that the VIF test is
performed on the variables, and there is no multicollinearity
among the variables, indicating that the regression results are
reasonable and valid.

At the same time, in order to test the possible cross-sectional
correlation problems in the process, this paper adopts the CD test
to analyze the data.

From the data results in Table 5, it can be seen that each CD
test statistic rejects the null hypothesis that the cross-sectional
units are independent of each other at the 1% significant level.
CIPS (Second Generation Panel Unit Root Test) test. It can be
seen from Table 6 that each variable rejects the 1% unit root
hypothesis, indicating that the experimental results are stable.

4.2 Regression analysis

Based on the results in Table 7, we used the fixed- and
random-effect models to conduct regression analysis on average,
annual maximum, and annual minimum temperatures, and
concluded that air temperature was negatively correlated with
urbanization, which was significant at the 1% level, which
improved the robustness to a certain extent. According to the
model R-squared, it can be judged that the interpretation results
of the fixed effect model and the random effect model are valid,
the results of the fixed effect are stronger than the random effect,
and the fitting effect is better. In the subsequent threshold
regression results, the R-squared value is also relatively high.

As shown in Table 8, regarding the validity of the tool
variables, the model selected the Hansen test as the over-
identification constraint test. The model utilizes the observed
values of the threshold variables to estimate the appropriate
threshold, thus avoiding the insufficiency of subjective judgment
partitions and yielding more accurate results (Shao et al., 2022).
The model also verifies whether the residual term is
autocorrelated with the first- and second-order sequences by
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TABLE 4 VIF test.

Variables VIF 1/VIF Variables

Asl 3.455 0.289 Asl

Redi 3.26 0.307 Redi

Tti 2.641 0.379 Tti

Fdi 2.37 0.422 Fdi

GDPg 1.51 0.662 GDPg

Pg 1.07 0.935 Pg

At L11 0.901 Max

Mean VIF 2.202 Mean VIF
TABLE 5 CD test.

Variable CD-test p-value
Ur 46.24 0.000
At 46.42 0.000
Max 40.02 0.000
Min 45.94 0.000
Asl 45.10 0.000
GDPg 9.27 0.000
Fdi 40.60 0.000
Pg 22.41 0.000
Tti 3827 0.000
Redi 43.19 0.000
TABLE 6 CIPS test.

Variable CIPS test Result
Ur —4.986"** Stable
At ~5.090** Stable
Max —4.259%%* Stable
Min —4,890*%¢ Stable
Asl —4.201%%¢ Stable
GDPg —4.469*%* Stable
Pg —4.5487%* Stable
Tti —4.424%%* Stable
Fdi ~3.531%%¢ Stable
Redi —5.201%% Stable

“p < 0.01, *p < 0.05, *p < 0.1.

judging the p-value of AR (He et al., 2022). It can be seen from the
results in Table 5 that the Hansen test cannot reject the null
hypothesis and the p-value of AR (He et al, 2022) is large,
indicating that the tool variables are not over-identified and there
is no second-order sequence correlation between the correlation
estimation equation. Therefore, the use of the Hansen test in this
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VIF 1/VIF Variables VIF 1/VIF
3353 0.298 Asl 3.532 0.283
3.115 0321 Redi 3.349 0.299
2.588 0.386 Tti 2.663 0.376
2.357 0.424 Fdi 2385 0.419
1.502 0.666 GDPg 1.509 0.663
1.067 0.937 Pg 1.069 0.936
1.019 0.981 Min 1.153 0.868
2.143 Mean VIF 2.237

07

study is sufficient to demonstrate the reliability of the results,
indicating that the regression results of the system GMM
estimation method adopted in this study are reliable and
effective.

The regression coefficients of the explained variables are
significantly negative during the lag period, indicating that
urbanization is significantly affected by the lag period. From
the regression model of the national sample, the average,
all
significant negative correlation effect on urbanization level,

maximum, and minimum temperatures have a
which proves that the result is robust, indicating that
temperature will hurt China’s urbanization in China. This
shows that, in the face of climate change, China’s urban
problems need to be further rationally planned to reduce
the potential urban problems
thus

Hypothesis 1 is verified.

caused by climate or

environment, limiting economic growth. Thus,
According to the results in Table 9, urbanization threshold

variables all pass the single and double thresholds at a

significance level of 1%.

Table 10 that the thresholds of

urbanization for the average temperature are 38.500 and 49.380.

It can be seen from

As shown in Table 11, when the urbanization level
was <38.50, the increase in average temperature had the

greatest negative effect on urbanization, with a correlation

coefficient of -0.906. When the wurbanization level
was >38.50 and <49.38, the negative impact degree
decreased to -0.496. When the urbanization level

was >49.38, the influence intensity further decreased to
-0.119. All these passed the 1% significance level test. It can
be seen that increasing temperatures will promote the
occurrence of de-urbanization; however, with the increase in
urbanization level, the impact of temperature decreases. This
may be because places with high levels of urbanization have
relatively complete infrastructure and are less affected by
climate. However, when urbanization is less than a certain
level, the cost of leaving the city may be relatively low;
therefore, people are more willing to flee the city. Therefore,
temperature had a greater negative impact on urbanization in
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TABLE 7 Regression analysis results.

10.3389/fenvs.2022.945968

Variables RE FE RE FE RE FE
At —0.532%* ~0.466***

Max —0.551% —0.441%%%

Min —0.253%* —0.229%*
Asl 0.000%* 0.001* 0.000%* 0.001* 0.000%** 0.001%*
GDPg 0.099 ~0.313 0.037 ~0.485%* 0.105* —0.317%*
Pg 2.084%% 1.586*% 2.350%%* 1.787+ 2.126%* 1.590%
Tt 0.733** 0.536** 0.603*** 0.377°* 0.755%* 0.551%*
Edi 0.000%* 0.000%* 0.000%** 0.000* 0.000%** 0.000%*
Redi —0.001%%* 0.000** -0.001%* 0.000%* ~0.001%%* 0.000
Observations 364 364 364 364 364 364
R-squared 0.716 0.769 0.630 0.701 0.721 0.768
F-test 163.369 114.960 162.406
p < 0.01, ¥p < 0.05, *p < 0.1.

TABLE 8 Dynamic panel regression results. TABLE 10 Threshold estimation results.

Variables SYS-GMM SYS-GMM SYS-GMM Threshold Value 95% Conﬁdence interval
LUr —0110%* 0250+ 0117+ Threshold1 38.500 [37.0900,38.6800]

At 0464+ Threshold2 49.380 [48.5100,49.7000]

Max —0.761%%*

Min —0.215%%

Al 0.000 0.000 0.000 the world, in the international community, particularly in
GDPg 0023 0110 0,054 developed countries. The highly developed economies that
Pg 2255 2,866+ 2781 developed countries enjoy today have gone through a
Tti 0,502 0,541 0,547 process of high carbon dioxide emissions. China’s PER
Edi 0,000+ 0,000+ 0,000 capita emissions of carbon dioxide are now at the level of
Redi 0,000+ 0,001 0,000 Britain and the US at the beginning of the 20th century; China’s
Obs 351 351 351 PER capita GDP only reached the level of some developed
AR(1) 2,980+ 27800 3,200+ countries in 1960. These numbers indicate that emissions are a
ARQ) 1330 (0.18) 1410 (0.15) 1570 (0.11) developmental problem. If emissions are cut on a large scale,

Hansen test 12.720 (1.00) 11.940 (1.00) 12.660 (1.00)

p < 0.01, ¥p < 0.05, *p < 0.1.

this case. Simultaneously, climate change has also had a great
effect on the development of the economy; on the one hand,
China’s carbon dioxide emissions increased by 29% of the
world’s increase, although on the issue of greenhouse gas

China faces a large-scale reform of its energy structure, and it is
doomed to spend a lot of manpower material resources; on the
other hand, climate change leads to frequent extreme weather to
a certain extent, the temperature increase will warm the ocean,
resulting in a large amount of water vapor, which will result in
more frequent rainfall and snowfall, and an increase in rainfall
will result in flooding. As a result, buildings and infrastructure
will be damaged, as floods also cause great disturbance to
economic activities, and thus adversely affect economic

emissions, China presented a highly responsible attitude to development.

TABLE 9 Threshold test.

Model F-value p-value Crit10 Crit5 Critl
Single threshold model 91.474** 0.000 28.664 33.153 40.143
Double threshold model 50,014+ 0.000 25.514 27.635 36.055

p < 0.01, *p < 0.05, *p < 0.1.
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TABLE 11 Panel regression results.

Variables OLS Threshold regression
Asl 0.001** 0.000***
GDPg 0.099* —0.357***
Pg 2.084¢ 1.24200¢
Tti 0.733*** 0.496***
Fdi 0.001*** 0.001***
Redi —0.001*** —=0.001***
At1(Ur < 38.50) —0.906***
At2 (38.50 < Ur < 49.38) —0.496***
At3(Ur > 49.38) -0.119**
At —0.532%**

Constant 15.369*** 18.570°*
Observations 364.000 364.000
R-squared 0.730 0.840

**p < 0.01, **p < 0.05, *p < 0.1.

5 Conclusions and policy
recommendations

5.1 Conclusions

First, the stochastic effect model, fixed effect model, and
systematic GMM regression analysis show that temperature will
negatively affect urbanization, and the same conclusion is
reached by adding annual maximum and minimum
temperatures to improve robustness. Second, by introducing
urbanization as a threshold variable, the panel threshold
model was used to study the impact of temperature on
urbanization. We concluded that Hypothesis 2 is satisfied.
first
threshold of 38.50, the increase in average temperature had a
effect on urbanization. When the

between  the thresholds

was >38.50 and <49.38, the negative impact degree decreased.

When the urbanization level was lower than the
significant negative
urbanization  level two
When the urbanization level was greater than the second
threshold value of 49.38, the negative impact caused by
temperature further decreased, and all of the above passed the
significance level test of 1%. A possible reason for this
phenomenon is that, when the level of urbanization is low,
the infrastructure construction is not suitable, and the city
does not have sufficient strength to quickly and effectively
in the
damage caused by temperature changes. When the level of

formulate countermeasures face of environmental
urbanization reaches a certain level, the economic strength of
the city itself is relatively strong, and the ability of the city to cope
with climate change has been strengthened, resulting in a
decrease in the negative impact of temperature change on
urbanization. Increasingly high, the city’s ability to deal with
risks and related system construction will be further improved,
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therefore, the negative impact of temperature on urbanization
will be further reduced.

The current understanding of the relationship between
climate change and urbanization is still in the exploratory
stage. Climate change is continuously affected by urbanization
and other human activities, and climate change impacts
urbanization and human activities. The timetable for China to
achieve its carbon neutrality goal by 2060 has been clarified, and
it is necessary to formulate a roadmap for a set of concrete plans
to achieve this goal. In-depth exploration of the interaction,
impact mechanism, and implementation path of climate
change, carbon emissions, and urbanization are important
aspects for realizing a green economy and sustainable
development. This study examined the relationship between
climate change and population urbanization in China. On the
one hand, the average, maximum, and minimum temperatures
were selected for research on the measurement of temperature,
and economic factors were considered in the selection of control
variables, which enriched the research content of the sustainable
development agenda. On the other hand, it can make the
government pay more attention to observing the most
intuitive manifestations of climate change, explore its causes,
and take relevant measures to solve environmental problems in a
timely manner.

5.2 Policy recommendations

Urbanization is an inevitable choice for society to deal with
climate change, and is also an important stage of economic
development. Establishing environmental awareness, building
green communities, developing a low-carbon and innovation-
driven economy, and advocating sustainable social concepts such
as moderate consumption are ways to achieve climate-resilient
cities and sustainable human development goals. This study
makes recommendations from three aspects: urban planning,
innovative development, and narrowing the urban-rural gap.

First, optimize urban planning and promote a combination
of ecology and urban construction. China’s urban planning to
address climate change focuses mainly on the systematic and
hierarchical construction of low-carbon urban planning
frameworks to explore mitigation and adaptation technologies
to address climate change. Given the increasingly prominent
contradiction between climate change, human activities and
carrying

need to

environment, ecology, and resource capacity,

megacities and urban agglomerations realize
harmonious coexistence between nature and humans and
sustainable development of the regional economy through
urban planning and construction. It is necessary to evaluate
the climate and environmental effects of urban planning
the

construction of a green and livable environment, adjust the

implementation,  provide scientific  support for

relationship between urban development and the ecological
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environment, and maximize the social and economic benefits.
Second, strengthen innovation capacity. Technological innovation
forms the basis for developing zero-carbon energy and improving
energy efficiency. Therefore, technological progress can
fundamentally solve the problems of emissions and climate
change. Third, pay attention to balanced development between
urban and rural areas and narrow the income gap between urban
and rural areas. The government can release preferential measures
to encourage the development of township enterprises, encourage
farmers to work in cities, and promote the construction of small
towns. Finally, popularize energy conservation education. The
state should vigorously increase publicity and education in
energy  conservation, incorporate  energy  conservation
knowledge into the national education and training system,
popularize scientific knowledge of energy conservation, arouse
the public’s sense of crisis and urgency in energy conservation and
environmental protection, create an atmosphere of public opinion
to save resources and slow global warming, attach great
importance to energy conservation and emission reduction, and
make the public truly realize the importance of energy
conservation and emission reduction.

Although this study uses an econometric model based on
panel data to explore the impact of climate change on
urbanization in China, it still has certain limitations. For
example, annual data do not fully reflect the impact of
seasonal climate fluctuations on urbanization. Therefore, we
will attempt to collect more detailed data in the future to
address these issues. Simultaneously, there are multiple factors
that affect the urbanization process, and this study only considers
the climate change factor. Climate change can affect urbanization
in several ways. In addition to the most obvious temperature
changes, it also affects the urbanization process by changing the
energy structure, affecting the spatial distribution of
precipitation, and causing natural disasters. In the follow-up,
we will investigate the internal mechanisms of climate impact on
urbanization from multiple perspectives and propose policies. In
addition, the results only reflect the direction of the influence of
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