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Understanding carbon emissions through the lens of population mobility is
crucial for addressing sustainability challenges and fostering economic
development. This study aims to investigate the influence of population
mobility on carbon emissions in Australia, providing insights for targeted
policy interventions. Utilizing panel datasets spanning from 2007 to 2020,
encompassing both international and domestic migration in Australia,
empirical analyses were conducted. The focus was on assessing the
relationship between population mobility and regional carbon emissions. The
study reveals distinct effects of domestic and international populationmobility on
carbon emissions. Domestic mobility demonstrates a negative correlation,
whereas international mobility shows a positive association with carbon
emissions. Moreover, significant regional heterogeneity in carbon emissions is
observed, influenced by economic development and population size variations
between eastern andwestern regions. These findings underscore the importance
of tailored emission reduction strategies based on the nature of population
mobility. By elucidating the intricate dynamics between mobility patterns and
carbon emissions, this study contributes to a nuanced understanding of CO2

emission trends, informing policy decisions amidst the challenges posed by
global climate change.
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1 Introduction

In the face of the significant challenge posed by global climate change, the international
community has undertaken ambitious agreements to mitigate carbon dioxide emissions,
aiming to constrain the temperature rise to 2°C by the century’s end (Liang et al., 2020). The
trajectory from the establishment of the United Nations Framework Convention on Climate
Change (UNFCCC) to the enactment of the Kyoto Protocol and, subsequently, the
ratification of the Paris Agreement underscores the collective determination of nations
and regions to collaborate in addressing global climate change. Nonetheless, these
agreements do not fully consider the shifts in population structure and distribution that
could potentially alter the CO2 emission patterns within regions. With the ongoing
globalization and regional economic integration, the frequency of interregional
population mobility has been escalating. Interregional population mobility emerges as a
pivotal demographic factor that could influence carbon emissions (de Sherbinin et al., 2008;
Han and Deng, 2023), primarily due to its impact on the size and composition of
populations both at the origin and destination. The repercussions of population
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mobility extend beyond mere demographic changes, as they entail
shifts in energy consumption and lifestyle patterns, thereby affecting
CO2 emissions (Feng and Hubacek, 2016).

However, scant attention has been paid to the ramifications of
population mobility on carbon emissions within countries or
regions. Population mobility, inherent to human civilization and
globalization, has surged in recent decades, with increasingly diverse
destinations. The multifaceted impacts of population mobility on
host countries encompass political, economic, cultural, and welfare
dimensions (Duncan and Waldorf, 2016; Young et al., 2018). Thus,
population mobility assumes significance as a crucial component
among demographic factors influencing carbon emissions.
Nevertheless, extant research pertaining to the influence of
demographic factors on carbon emissions predominantly centers
on population size and structure (Dietz and Rosa, 1997; Lozano and
Gutiérrez, 2008; Wei and Liu, 2022). Against the backdrop of global
economic integration and accelerated population mobility, a more
precise and comprehensive exploration of the nexus between
population mobility and carbon emissions becomes imperative
for the realization of national or regional emission reduction
objectives. Consequently, the pivotal question arises: What is the
impact of population mobility on carbon emissions within each
country or region? This study endeavors to bridge this knowledge
gap by empirically analyzing the influence of population mobility on
carbon dioxide emissions in Australia, thereby addressing
this query.

The investigation into factors influencing carbon emissions
constitutes a pivotal facet in advancing the green and sustainable
growth of the global economy and is an indispensable prerequisite
for achieving global greenhouse gas emission reduction targets.
Consequently, scholarly attention has long been devoted to
unraveling the determinants of regional carbon emissions. In
recent years, such endeavors have yielded two systematic strands
of research.

Firstly, studies have delved into the impact of non-demographic
factors on carbon emissions. On one hand, a burgeoning body of
literature has scrutinized the effects of environmental policies and
regulations on carbon emissions. Notably, at the provincial level, the
carbon emissions trading pilot policy has yielded discernible results,
substantially curtailing carbon emissions in pilot areas (Zhang et al.,
2021). Likewise, at the municipal level, Zhang (2020) assessed the
carbon emission reduction effects of pilot low-carbon city policies
and pilot innovative city policies, underscoring the efficacy of
environmental policies and regulations in abating urban carbon
emissions. On the other hand, a plethora of studies have examined
the nexus between economic growth (GDP) (Pao and Tsai, 2011;
Wang et al., 2018), Foreign Direct Investment (FDI) (Zhu et al.,
2016; Zhang and Zhang, 2018), International Trade (IT) (Khan et al.,
2020), Urbanization (Cole and Neumayer, 2004; Fan et al., 2006;
Liddle and Lung, 2010; Poumanyvong and Kaneko, 2010), per capita
income (GDP per capita) (Martínez-Zarzoso and Maruotti, 2011),
fixed asset investment (FCI) (Jin and Han, 2021), technological
innovation (R&D) (Zhao et al., 2014; Jiao et al., 2018a; Jiao et al.,
2018b), and carbon emissions. Additionally, some scholars have
explored the impacts of factors such as trade openness (Shahbaz
et al., 2017), industrial structure upgrading (Wu et al., 2021), and
regional integration (Li and Lin, 2017) on carbon emissions and
carbon emission intensity. In the context of carbon peaking and

carbon neutrality, it is imperative to ascertain how non-
demographic factors influence carbon emissions and whether
they contribute to carbon emission mitigation. Diverging from
prior literature, this paper empirically scrutinizes the direction
and magnitude of the impact of non-population factors on
carbon emissions and conceptualizes the mechanism
underpinning the role of technological innovation, thereby
elucidating the contribution of non-population factors to carbon
emission reduction.

Secondly, research has focused on the influence of population
factors on carbon emissions. In recent years, propelled by the
relentless expansion of the global population, both direct and
indirect energy consumption by the populace has surged,
emerging as a pivotal driver of carbon emissions, surpassing even
the industrial sector in several developed countries (Lu and Zhao,
2008). Consequently, the examination of the impact of demographic
factors on carbon emissions has garnered considerable attention in
academic circles. Presently, studies scrutinizing the impact of
population factors on carbon emissions predominantly center on
the influence of population size. Numerous studies have
underscored that population growth constitutes the primary
driver of GHG emissions in the past and projected future
(Schelling, 1992; Chesnais et al., 2001). Nonetheless, the influence
of demographic factors on GHG emissions transcends population
size alone, with population mobility intricately linked to carbon
emissions, potentially impacting climate change dynamics. While
population size serves as a static indicator of regional demographic
factors, regional population mobility remains dynamic and fails to
fully capture population fluctuations. Typically, regions with higher
levels of economic development experience greater inflows of
migrants, whereas less developed regions witness outflows. Given
the perpetual flux in regional population sizes, exploring the impact
of regional population mobility on carbon emissions offers a more
rational, precise, and comprehensive assessment of the influence of
demographic factors on carbon emissions. Despite the prevailing
focus on the impact of population size on carbon emissions within
demographic literature, no literature specifically examines the
systematic impact of population mobility on carbon emissions,
particularly concerning international and domestic population
mobility. This lacuna underscores the urgent need to devise
effective strategies leveraging the incentivizing effect of
population mobility on carbon emission reduction.

Academic investigations have delved into the research on factors
influencing carbon emissions from various perspectives. Upon
scrutinizing existing literature, we identify limitations in three
aspects. Firstly, while prior studies have examined the
mechanisms by which technological innovation and industrial
structural upgrades affect carbon emissions, there is a paucity of
literature elucidating the theoretical mechanisms underlying the
impact of population mobility on carbon emissions. Secondly,
although certain literature has initiated discussions on the
influence of population factors on carbon emissions, it
predominantly focuses on population size as a static indicator,
overlooking a direct empirical examination of the relationship
between population mobility and carbon emissions. Despite
Chesnais et al. (2001) examination of the relationship between
demographic factors and carbon emissions, their study is
unfortunate in its exclusion of dynamic indicators of population
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mobility and carbon emissions within the same dimension for
empirical analysis. Thirdly, existing literature lacks an exploration
of the regional heterogeneity in the impact of population mobility on
carbon emissions.

In contrast to existing studies, this paper scrutinizes the impact
of population mobility on carbon emissions through theoretical
elucidations and empirical analyses based on state-level data. By
integrating domestic population mobility, international population
mobility, and carbon emissions into the same analytical framework,
we address the aforementioned gaps in the literature. Leveraging
datasets encompassing carbon emissions, international and
domestic population mobility, total population, urbanization rate,
GDP, innovation index, and fixed asset investment across Australian
states from 2007 to 2020, we use cointegration theory, heterogeneity
analysis, endogeneity examination, and multiple regression
modeling as analytical tools to investigate the relationship
between population mobility and carbon emissions. Specifically,
utilizing data provided by the Australian Bureau of Statistics (ABS),
we use multiple regression models to explore the impacts of
international and domestic population mobility on carbon
emissions across the eight states of Australia. Through the
introduction of an econometric model based on panel data, we
unveil the relationship between population mobility and regional
carbon emissions, thereby facilitating an understanding of the nexus
between population dynamics changes and carbon emissions.

In summary, this paper not only elucidates the mechanisms
through which population mobility affects carbon emissions
theoretically but also assesses the intensity and direction of
population mobility’s impact on carbon emissions. Furthermore,
it examines the regional heterogeneity in carbon emissions
attributable to population mobility. Thus, this paper furnishes
empirical and theoretical evidence to aid Australia in formulating
a rational population mobility policy to attain future carbon
emission reduction targets. Additionally, it offers new research
perspectives and policy focal points for relevant stakeholders in
achieving global carbon emission reduction objectives.

Subsequently, the paper is structured as follows: Part II presents
the relevant theoretical mechanisms and hypotheses. Part III
delineates the detailed research methodology, data sources, etc.
The fourth section presents the corresponding analysis and a
detailed discussion of the primary findings. Finally, the
concluding part summarizes the paper and presents
corresponding policy recommendations.

2 Theoretical mechanisms and research
hypotheses

In this paper, by reviewing existing relevant studies, we argue
that the mechanisms underlying the impact of population mobility
on carbon emissions can be delineated from two perspectives: the
scale effect and the innovation effect.

Firstly, the scale effects are notable. Changes in population size
resulting from population mobility primarily influence carbon
emissions through international and domestic population
movements. Initially, the impact of international population
mobility on carbon emissions manifests in alterations in
consumption patterns. Typically, international population mobility

leads to an expansion of the population size in the destination country,
thereby fostering increased local consumption demand. This surge in
demand encompasses heightened requirements for natural resources
(Pan et al., 2007; Oldekop et al., 2018), housing and land (Taylor et al.,
2016), and food, thereby elevating carbon emissions (Radel et al.,
2010). Secondly, domestic population movements often precipitate
urbanization and urban sprawl. The economies of scale and
intensified development associated with urbanization enhance
energy utilization efficiency (Lv et al., 2020). For instance, larger
structures, factories, and facilities can optimize energy usage and
minimize wastage, consequently reducing carbon emissions.
Furthermore, urbanization typically coincides with denser urban
construction and improved transport networks, mitigating road
traffic congestion and subsequent carbon emissions (Sun and
Huang, 2020). Building upon these analyses, we propose the first
research hypothesis of this paper.

Hypothesis 1: Population mobility affects regional carbon
emissions, wherein international population mobility increases
carbon emissions within the region, while domestic population
mobility decreases carbon emissions within the region.

Secondly, the innovation effect is noteworthy. Many studies
overlook the influx of high-quality and skilled human resources
facilitated by population mobility. Yet, the arrival of such talents
invariably accelerates technological innovation within the region.
Technological innovation plays a pivotal role in mitigating carbon
emissions (Costa-Campi et al., 2015). Primarily, technological
innovation influences carbon emissions by fostering the
optimization and upgrading of industrial structures (You and
Zhang, 2022). Widely employed in production and daily life,
technological innovation facilitates cleaner production processes,
enhances energy efficiency, promotes green energy consumption,
and reduces resource consumption from both production and
consumption perspectives. Moreover, it empowers the
optimization and transformation of industrial structures toward
low-carbon and eco-friendly industries, thereby curbing carbon
emissions at their source. Secondly, technological innovation can
also spur carbon emission reduction by reshaping the energy
landscape (Shan et al., 2021). The application of technological
innovation in the energy sector expedites the development of
photovoltaic, wind power, and renewable energy sources,
fostering the transition to a green, low-carbon, and clean energy
consumption structure, thereby directly mitigating carbon dioxide
emissions. However, it is imperative to note the predominant flow of
innovative talent. High-end talents typically gravitate toward
developed regions (Oliinyk et al., 2021) owing to the plethora of
career opportunities, access to superior educational resources,
convenient living conditions, vibrant entrepreneurial and
innovative ecosystems, and extensive social networks available in
such locales. The disparities arising from such population mobility
may exacerbate regional discrepancies, thereby engendering
heterogeneous impacts on carbon emissions. Building upon these
insights, we propose the second research hypothesis of this paper.

Hypothesis 2: There exists regional heterogeneity in the impact of
population mobility on regional carbon emissions, wherein the
effect of population mobility on regional carbon emissions varies
across regions.
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3 Models and data

3.1 The econometric model and variables

This paper proposes the adoption of an econometric model
based on panel data to investigate the impact of population mobility
on carbon emissions in Australia. It is evident from prior empirical
research that employing such an econometric analytical model
significantly enhances the reliability of estimation results
(Azomahou et al., 2006; Baltagi, 2021). Moreover, this model
endeavors to incorporate various control variables to mitigate
potential inaccuracies arising from the omission of relevant
influencing factors (Halicioglu, 2009; Al-mulali and Sheau-Ting,
2014). Furthermore, recognizing the issue of multicollinearity
between domestic and international population mobility within
the same econometric framework (Zhong et al., 2021), both
variables are included in the empirical analyses within the
econometric model. Hence, this paper formulates the following
econometric model:

CO2 it � α0 + α1migintit + α2migdomit + α3Zit + ηit + μit + ξit (1)
CO2 it � φ0 + φ1migintit + φ2Zit + ηit + μit + ξit (2)
CO2 it � φ0 + β1migdomit + β2Zit + ηit + μit + ξit (3)

where i is the state, t is the state, t is the time, φ0 is a constant term
and CO2it is the net CO2 emissions1 for the state of i, and
migintit、mig domit is the state’s i’s international population
mobility and domestic population mobility2, respectively. The
explanatory and explanatory variables are logarithmic in the
empirical evidence. ξ is denoted as error terms, respectively. In
addition, the paper controls for time-fixed effects (η) and sectoral
fixed effects (μ) to mitigate measurement bias arising from omitted
variables (deHaan, 2020). Z are control variables.

The influence of population mobility on carbon emissions in
Australia is delineated by two variables: international and domestic
population mobility. While both domestic and international
population mobility can impact changes in population size,
consumption structure, and scale across different states of
Australia, consequently affecting changes in carbon emissions,
international population mobility is more inclined to stimulate
technological advancements in sustainable energy innovations
and alter consumption structures at migration destinations
compared to domestic population mobility. Given Australia’s
status as a nation of immigrants, there has been a surge in

international inflows over the past two decades, perpetuating the
influence of the international population on population growth in
each of Australia’s states. Conversely, domestic population mobility
influence population growth in receiving states while simultaneously
contributing to population decline in the states experiencing out-
migration. Therefore, we use both international and domestic
population movements to characterize the impact of population
mobility on carbon emissions in Australia.

To enhance the reliability of the study’s findings, this paper selects
control variables (Z) that accurately reflect the status of each region
and may impact regional carbon emissions. Specifically, these include
1) urbanization rate (urban). Urbanization rate serves as a crucial
indicator of regional development level, and numerous studies have
illustrated a positive correlation between urbanization and carbon
emissions, both globally and across countries or regions with varying
income levels (Cole and Neumayer, 2004; Fan et al., 2006). However,
the drivers behind increased energy consumption and carbon
emissions due to population urbanization vary among countries or
regions with differing income levels. Notably, population migration
from rural to urban areas influences regional carbon emissions by
altering economic production and consumption patterns (Zhao et al.,
2012; Alola, 2019; Qi and Li, 2020). In this paper, we utilize the urban
population as a percentage of the total population in the region to
characterize the urbanization rate.

2) The size of the population (pop). Birdsall (1992) contends that not
only does a larger population escalate energy demand, but rapid
population growth also precipitates deforestation and degradation
of arable land, both contributing to heightened greenhouse gas
emissions. Knapp and Mookerjee (1996) conducted a Granger
causality test on global CO2 emissions and global population,
concluding that while no long-term cointegration exists between
the two, the upsurge in global population drives an increase in
global CO2 emissions. Hence, this paper employs regional
population size to characterize population magnitude.

3) The level of regional economic development (gsp, gsper).
Rapid economic advancement in countries and regions
necessitates energy as a core factor of production, with
economic activities spanning agriculture, mining,
construction, manufacturing, transportation, among others,
perpetually accelerating fossil energy consumption. Solarin
and Bello (2020) affirm the dominance of fossil fuels in
energy consumption and highlight its implications for inter-
regional carbon emissions. Notably, Aslam et al. (2021)
analyzed the Kuznets Environmental Curve (EKC)
hypothesis, positing a strong correlation between GDP per
capita and CO2 emissions, assuming a U-shaped relationship
between income and environmental degradation processes
such as CO2 emissions. Thus, this paper utilizes Gross State
Product (GSP) to depict the level of regional economic
development. To offer a more comprehensive depiction of
the economic development’s impact on CO2 emissions, the
paper also introduces GSP per capita.

4) Investment in fixed assets (fci). Jin and Han (2021) suggest
that increased investment in fixed assets can address
employment issues, stimulate income growth, and uphold
social stability. Nonetheless, an excessive emphasis on scale
expansion at the expense of carbon emissions may provoke

1 Net CO2 emissions are the amount of carbon dioxide after all emissions

released by human activities have been offset by removing carbon from

the atmosphere. Net CO2 emissions consist of two main components.

Firstly, human-caused CO2 emissions (e.g., from fossil-fuelled cars and

factories). Second, carbon removal, which is usually done through natural

methods such as absorption by forests, land, and oceans, or through

technologies such as direct air capture and storage (DACS), which

removes carbon directly from the atmosphere.

2 Population mobility in this paper refers to the net inflow of population as a

proportion of the total local population, i.e., population inflow minus

population outflow divided by the total local population.
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severe environmental repercussions. Fixed asset investment
encompasses expenditures on housing, buildings, machinery,
transport, and enterprises’ capital construction, entailing
substantial consumption of social resources such as energy,
minerals, and forests, thereby impacting inter-regional carbon
emissions. Therefore, fixed asset investment quantity is
employed to depict investment in fixed assets.

5) Environmental regulation (so2). The utilization of fossil fuels,
predominantly coal, oil, and natural gas, in carbon dioxide-
producing product manufacturing invariably yields sulfur
dioxide emissions. Qin et al. (2021) posit a robust negative
correlation between environmental regulation intensity and
sulfur dioxide emissions, suggesting that heightened
environmental regulation intensity correlates with decreased
SO2 emissions. Dobbie and Green (2015) assert the pivotal
role of sulfur dioxide as a key environmental regulation
indicator in Australia. Hence, this paper utilizes
SO2 emissions to portray environmental regulation intensity.

6) Technological innovation (R&D). A prevalent argument posits
that technological innovation effectively curtails carbon
emissions. For instance, Chen and Lei (2018) examine the
impact of technological innovation on CO2 emissions,
indicating that it reduces CO2 emissions in countries with
relatively high emissions compared to low-emitting nations.
Mensah et al. (2021) utilize a blend of Stochastic Impact
Regression of Population Affluence and Technology
(STIRPAT) and EKC models to analyze innovation’s impact
on CO2 emissions across 28 OECD countries between
1990 and 2014, suggesting that innovation mitigates
environmental degradation in most studied nations. Mensah
et al. (2019) provide similar findings, empirically
demonstrating innovation’s impact on carbon emissions in
OECD countries. Consequently, this paper adopts an
innovation index to depict technological innovation level.

3.2 Data

For the assessment of population mobility and regional carbon
emissions, data on international and domestic population mobility,

total regional population, urbanization rate, gross state product
(GSP), and fixed asset investment are primarily obtained from
the Australian Bureau of Statistics (ABS). The ABS provides the
most comprehensive statistical data on the Australian economy,
population, industry, labor, health, and environment for the period
2007–2020. Moreover, for the pertinent control variables in the
econometric regressions—namely, urbanization rate, total state
population, GSP, GSP per capita, innovation index, and fixed
asset investment—these data are also sourced from the Australian
Bureau of Statistics. State-level CO2 and SO2 emissions data are
retrieved from the Department of Industry, Science, Energy, and
Resources (DISER) database. Additionally, to eliminate the
influence of price factors on economic data, all economic figures
in this study are denoted in Australian dollars. Descriptive statistics
for these variables are presented in Table 1 within the
Table directory.

4 Results and discussions

The first step in the econometric analysis was to test the
variables’ stationarity. This was achieved by applying the Panel
unit root test. The panel unit root test became popular because of its
high power. This study utilized the panel unit root tests namely,
Levin, Lin and Chu (LLC) (Levin et al., 2002). The results revealed
that some of the variables are non-stationary at the level thus the null
hypothesis of a panel unit root cannot be rejected. On the other
hand, the variables are significant at first difference which rejects the
null hypothesis. Therefore, the variables are stationary at the first
difference. The stationarity of the variables for each state was also
tested by using the Augmented Dickey-Fuller (ADF) and
Phillips–Perron (PP) tests and it was found that all the variables
for each state were stationary but at different levels.”

4.1 Basic regression results

Using tests such as the F-value (p = 0.00) and LSDV, this paper
finds that the above constructed econometric regression model
[i.e., Eqs 2, 3)] has individual effects and thus determines that

TABLE 1 Descriptive statistics for all variables in the econometric model.

Variables Obs Unit Mean Std. Dev Min Max

migint 112 % 0.806 0.373 −0.286 1.640

lnurban 112 % 4.412 0.133 4.138 4.603

lnpop 112 Thousand 7.366 1.249 5.365 9.008

lngsp 112 Millions Dollar 4.928 1.263 2.921 6.443

lngsper 112 Dollar 4.337 0.215 3.692 4.776

lnfci 112 Millions Dollar 3.435 1.203 1.537 5.003

lnso2 112 1,000 Tonnes Gg 3.188 2.426 −2.526 5.850

lnrd 112 Thousand −0.205 1.621 −3.462 1.920

migdom 112 % −0.040 0.071 −0.222 0.215

co2 112 1,000 Tonnes Gg 3.091 1.632 −0.119 4.762
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confluent regression should not be used. Further, the Hausman test
and the over-identification test were also used to find that the model
rejects random effects and that a fixed effects model should be used.
On this basis, the results of the baseline econometric regression in
this paper are as follows.

The regression results for the effects of international migration,
domestic migration, and population size on carbon emissions in
Australia are presented in (1)–(3) in Table 2 of Table directory. It
can be seen that the estimated coefficients for international
migration in Australia are all positive, while the estimated
coefficients for domestic migration are all negative, conditional
on the inclusion of control variables. There is a positive
correlation between international migration and carbon
emissions, with an increasing number of international population
mobility leading to greater carbon emissions. This phenomenon
may be explained by the fact that, on the one hand, since
international migration is usually from relatively poorer to richer
regions, international migrants usually live in more developed
economies with significant changes in lifestyle (Zhao et al., 2012;
Qi and Li, 2020). Their increased consumption of necessities (e.g.,
food and clothing), housing, infrastructure, healthcare, and
education leads to higher CO2 emissions (Liebert and Ameringer,
2013; Teixeira, 2013; Larrotta, 2017).

On the other hand, populationmobility has an impact on carbon
emissions, mainly because it affects the size and structure of the
population at the source and destination. Not only does population
growth due to mobility translate into higher energy consumption,
but the process of population mobility brings about changes in
lifestyles, which affect consumption patterns and thus CO2

emissions (Feng and Hubacek, 2016). There is a negative
correlation between domestic population mobility and carbon
emissions, i.e., domestic population mobility leads to reduced
carbon emissions. The reason for this phenomenon may be
caused by the urbanisation process (Ma and Hofmann, 2019).
Domestic population mobility tends to promote the transfer of
labour from the agricultural sector to the non-agricultural sector,
and the structure of urban employment and industry changes,
triggering an industrial structure transformation effect. This
means that after a certain degree of economic development, the
proportion of primary and secondary industries in the economy will
decrease accordingly, and the tertiary industry represented by high
value-added services will become the centre of economic
development (Tian et al., 2014). According to Wu et al. (2012),
the decrease in the proportion of the secondary industry will lead to
a decrease in per capita carbon emissions. Meanwhile, Guo (2012)
found that there is a negative correlation between the proportion of

TABLE 2 Impact of population mobility on regional carbon emissions.

Variables (1) (2) (3)

migint 0.047 0.010

(1.11) (0.33)

lnurban 9.237*** 7.732** −0.927

(2.68) (2.18) (-0.29)

lnpop 0.928 1.048 1.726**

(1.47) (1.65) (2.50)

lngsp 0.461 0.192 −1.823***

(0.72) (0.30) (-3.54)

lngsper 2.119*** 2.376*** 3.631***

(3.60) (4.05) (6.17)

lnfci −0.570*** −0.553*** −0.420***

(−9.69) (-9.37) (−7.49)

lnso2 0.037 0.039 0.016

(1.24) (1.34) (0.49)

lnrd 0.028 0.037 −0.032

(0.68) (0.92) (-0.85)

migdom −0.358* −0.253*

(−1.71) (−1.73)

_cons −47.720*** −40.776** 3.183

(-3.02) (-2.51) (0.23)

N 104 104 112

Note: Robust standard errors in brackets; ***, ** and * denote significant at the 1%, 5% and 10% levels respectively.
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primary industry and carbon dioxide emissions when studying the
impact of industrial structure on carbon emissions.

As expected, urbanisation has a positive impact on carbon
emissions. Specifically, an increase in the size of the urban
population leads to a rise in carbon emissions, which is related to
factors such as energy demand and traffic congestion that may
increase during urbanisation. However, population size does not
statistically significantly affect carbon emissions, possibly because
the effect of population size on carbon emissionsmay vary by region.
In some regions, an increase in population size may be associated
with higher carbon emissions, while in other regions it may not be
significant. We will verify this in the subsequent heterogeneity
analysis. State GDP positively affects carbon emissions, with
increased state GDP likely associated with higher levels of
industrial production and energy consumption. Meanwhile, state
GDP per capita also has a positive effect on carbon emissions, which
may imply a non-linear relationship between the effect of state GDP
per capita on carbon emissions, i.e., as productivity increases, carbon
emissions rise at an accelerated rate. On the other hand, investment
in fixed assets has a negative effect on carbon emissions, suggesting
that increased investment in fixed assets may help to reduce carbon
emissions, possibly due to technological innovations and more
efficient resource utilisation. However, sulphur dioxide emissions
do not statistically significantly affect carbon emissions, which may
indicate that sulphur dioxide is not influential enough to statistically
significantly affect carbon emissions in this model. Finally, the lack
of significant impact of R&D expenditures on carbon emissions in
the current model may be due to the fact that there may be a time lag
in the impact of R&D expenditures, i.e., the impact of R&D
expenditures on carbon emissions that occurs after a certain
period of time. This lagged effect may not be captured if the
time horizon is short. It may also be because there may be
differences in the industrial structure and R&D priorities of
different regions, leading to a significant impact of R&D
expenditure on carbon emissions in some regions but not in
others. We will also verify this in the subsequent
heterogeneity analysis.

4.2 Endogenous treatment

Where endogeneity is overlooked, estimates may suffer from
bias and inconsistency (Klette and Griliches, 1996). Endogeneity, in
the context of this paper, primarily manifests as reverse causality,
omitted variables, and measurement error (Roberts and Whited,
2013). Firstly, population mobility may exert both growth and
inhibitory effects on regional carbon emissions. Conversely,
regional carbon emissions may also exert a considerable impact
on population mobility. Regions with high energy consumption and
carbon emissions may be less susceptible to the influence of minor
population mobility factors. For instance, a significant influx of
population may lead to an increase in carbon emissions in recipient
areas to a certain extent, while regions with high carbon emissions
may experience population outflows due to deteriorating living
conditions and reduced quality of life. Secondly, due to the
impossibility of exhaustively listing all explanatory variables in
the econometric model, omitted variables may arise. The
inclusion of omitted variables in the error term, especially when

they are correlated with other explanatory variables, can lead to
endogeneity issues. For instance, the quality of incoming population
can influence changes in carbon emissions. This quality is often
linked to various factors such as the political, cultural, economic, and
educational levels of the originating country, making it challenging
to incorporate all relevant variables and potentially resulting in
variable omissions that could impact regression outcomes. Finally,
measurement errors in variables may also contribute to
endogeneity problems.

To address potential endogeneity issues in econometric models,
this paper employs the following strategies. Firstly, to mitigate the
impact of endogeneity, a lagged period instrumental variable
strategy is adopted, utilizing lagged CO2 emissions as
instrumental variables for the current period’s values. This
approach effectively addresses the aforementioned issues.
Additionally, considering the inherent inertia of economic factor
changes, a dynamic model lag term is introduced to better control
for lagging factors. Furthermore, to minimize estimation bias due to
the choice of econometric model, this paper introduces the
systematic Generalized Method of Moments (GMM) approach.
The systematic GMM approach offers several advantages: it
eliminates bias in the presence of non-time-varying omitted
variables, provides consistent estimates of coefficients in the
presence of endogenous variables on the right-hand side of the
model, and yields consistent estimates even in the presence of
measurement error (Bond et al., 2001). Thus, estimation is
conducted using systematic GMM in dynamic panels, effectively
addressing measurement error, non-time-varying omitted variables,
and endogeneity of explanatory variables (Caselli et al., 1996).

Table 3 in the Appendix presents the results of econometric
regressions accounting for endogeneity. The regression outcomes
concerning the effects of international population mobility,
domestic population mobility, and population size on carbon
emissions in Australia, when endogeneity is taken into account,
indicate positive estimated coefficients for international population
mobility and negative estimated coefficients for domestic population
mobility, with control variables included. These findings suggest that
both the positive impact of international population mobility on
regional carbon emissions and the negative impact of domestic
population mobility on inter-regional carbon emissions remain
robust, unaffected by potential endogeneity risks.

Moreover, significant positive effects of international population
mobility, and significant negative effects of domestic population
mobility are observed in both types of econometric regressions
(Tables 2; 3 in the Appendix), reinforcing the reliability of
estimated results for core explanatory variables presented earlier.

4.3 Heterogeneity analysis

With the advancement of economic globalization and the
evolution of human civilization, the phenomenon of population
mobility, driven by meritocratic principles, has influenced the
allocation of global resources across various regions and
countries. This dynamic has resulted in the migration of people
to different destinations, ultimately shaping patterns of population
movement that are reflective of varying levels of economic
development. Numerous studies have demonstrated that regions
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or countries with more developed economies often offer attractive
employment prospects and living standards, thereby drawing highly
skilled individuals, while those with lower to middle-income status
struggle to attract such talent. This raises the question: does
population mobility exert a varying impact on carbon emissions
in regions or countries with differing levels of development? To
investigate this, the following section presents an empirical analysis.

The findings are detailed in Tables 4, 5 in the Appendix.
Notably, the effect of domestic migration on shifts in regional
carbon emissions is consistently negative across both Eastern and
Western regions. This suggests that the role of domestic
population mobility in reducing carbon emissions remains
robust across diverse geographical areas. As human civilization
progresses and economic globalization continues to unfold,
regional shifts in carbon emissions will undoubtedly influence
the distribution of responsibility for emission reduction among
different regions. Therefore, it is imperative to encourage the
involvement of regions with varying degrees of population
mobility in energy conservation and emission reduction efforts.

This regression outcome substantiates Hypothesis 2 of this paper,
which posits regional heterogeneity in the impact of population
mobility on regional carbon emissions. Furthermore, most control
variables exhibit directional and significant consistency with
previous findings, further bolstering the reliability of prior
empirical results.

Drawing insights from the estimated results of control variables
in both developed Eastern and less developed Western regions,
several conclusions can be derived. Firstly, the positive impact of
population size is highly significant in both regions. Secondly, the
estimated coefficient for the level of economic development in the
Eastern region surpasses that of theWestern region. Thirdly, notable
disparities are observed in the effects of international population
mobility on regional carbon emissions. In the developed Eastern
region, international population mobility significantly inhibits
carbon emissions, whereas in the Western region, international
population mobility exhibits distinct regional variations in its
impact on carbon emissions. Fourthly, the positive effect of per
capita income is more pronounced. Lastly, the impact of GSP per

TABLE 3 Regression results considering endogeneity measures.

(1) (2)

mig_int mig_dom

migint 0.0157

(0.0595)

migdom −1.578***

(0.513)

L.co2 0.457* 0.719***

(0.242) (0.163)

lngsp 1.206 −3.698

(4.191) (4.009)

lngspper 0.261 4.482

(4.147) (4.229)

lnurban 1.540 −0.0251

(2.795) (2.796)

lnfci −0.346** −0.212*

(0.163) (0.120)

lnpop −0.744 3.983

(3.978) (4.044)

lnrd −0.00863 0.0167

(0.0385) (0.0381)

lnso2 −0.00197 0.0189

(0.0319) (0.0242)

_cons −12.63 −2.672

(13.32) (13.26)

N 104 104

Note: Robust standard errors in brackets; ***, ** and * denote significant at the 1%, 5% and 10% levels respectively.
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capita is negative for the Western region but positive for the
Eastern region.

4.4 Discussions

Firstly, regarding domestic population mobility, the empirical
findings of this study reveal a significantly negative regression
coefficient for domestic population mobility at the 10 percent level.
This finding aligns with Hypothesis 1 outlined in the Theoretical
Mechanisms section, which posits that domestic population mobility
decreases carbon emissions within the region. Domestic population
mobility primarily influences carbon emissions through structural
shifts. It often facilitates the transition of labor from the agricultural
sector to the non-agricultural sector, prompting changes in
employment and industrial structures within urban areas, thus
catalyzing industrial transformation. The relocation of labor to
urban centers fosters the growth of secondary and tertiary sectors
and incentivizes the transition from traditional agriculture to modern
methods, consequently reducing the proportion of the primary sector.
Guo (2012) observed that a 1 percent reduction in the share of energy-
intensive industries within the primary sector could potentially
decrease carbon dioxide emissions by 220–290 million tons, which

corroborates our regression findings. As a developed nation,
Australia’s economy has advanced to a certain degree, leading to a
decline in the proportion of primary and secondary industries, with
the tertiary sector, epitomized by high value-added services, assuming
centrality in economic development. Wu et al. (2012) demonstrated
that higher carbon emissions correlate with a larger share of the
secondary industry, yet a decrease in the secondary sector’s
proportion, under constant per capita GDP, results in reduced per
capita carbon emissions. This suggests that the transition of
Australia’s domestic workforce from the secondary to the tertiary
sector is conducive to carbon emission reduction, consistent with our
econometric regression results.

Secondly, concerning international population mobility, the
regression outcomes indicate a positive elasticity of the impact of
international population mobility on carbon emissions. These
findings validate the hypothesis proposed in Hypothesis 1,
suggesting that international population movements increase
carbon emissions within the region. International mobility
influences carbon emissions primarily through the scale effect
and technological innovation facilitated by the mobility of skilled
individuals. The scale effect induced by international mobility
significantly influences population growth, with population size
exhibiting a notable positive effect on carbon emissions growth,

TABLE 4 Heterogeneity test for the effect of population mobility on carbon emissions in the eastern region.

Variables (1) (2) (3)

migint −98.297* −76.322

(−1.92) (−1.65)

lnurban 8.143 −18.021 −131.631***

(0.12) (-0.20) (-2.79)

lnpop 126.001* 87.726 141.933**

(1.91) (1.37) (2.40)

lngsp −99.251 −63.310 −131.065**

(−1.55) (−1.01) (−2.24)

lngsper 113.861 70.399 124.358**

(1.67) (1.08) (2.04)

lnfci −0.428 −0.377 0.351

(-0.33) (-0.28) (0.34)

lnso2 −0.408 0.089 −0.696

(-0.51) (0.11) (-0.89)

lnrd −0.211 −0.305 −0.836**

(-0.41) (−0.55) (−2.07)

migdom −380.405 −47.656

(-0.93) (-0.32)

Constant −1,788.873* −1,075.811 −1,229.873

(-1.83) (-1.14) (-1.57)

N 65 65 70

Note: Robust standard errors in brackets; ***, ** and * denote significant at the 1%, 5% and 10% levels respectively.
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consistent with both our empirical findings and those of prior
researchers.

Moreover, it is noteworthy that the impact of population growth
on carbon emissions manifests in two primary ways: firstly,
population growth directly precipitates a sharp rise in energy
consumption and carbon emissions, and secondly, population
growth fosters low-carbon technological innovation, thereby
mitigating carbon emissions. The positive elasticity coefficient of
the impact of international population mobility on carbon emissions
suggests that the promotional effect of international population
mobility on low-carbon technological progress and research and
development (R&D) is not substantial enough to offset the scale
effect’s influence on carbon emissions growth. Consequently, the
positive elasticity coefficient of the impact of international
population mobility on carbon emissions persists.

5 Conclusion and policy implications

This paper aimed to offer a more comprehensive understanding
of the determinants of CO2 emission changes from the perspective of
population mobility and empirically examine the impacts of
population mobility on CO2 emissions. Building on this

foundation, we derived relevant policy conclusions concerning
population mobility and carbon emissions. Our primary
conclusions and policy implications are outlined below.

Firstly, in the baseline regression analysis, domestic and
international population mobility exert different impacts on carbon
emissions. A negative correlation typically exists between domestic
population mobility and carbon emissions. This phenomenon arises
because domestic population mobility often accompanies
urbanization, leading to more efficient energy usage and reduced
carbon emissions. For instance, urban migration tends to increase
population density, thereby enhancing transport efficiency and
promoting public transport utilization, consequently mitigating
carbon emissions from transportation. Generally, as domestic
population mobility rises, carbon emissions tend to decline.
Conversely, there exists a positive correlation between international
population mobility and carbon emissions. International migration
can alter consumption patterns, thereby influencing carbon
emissions. For example, an influx of international migrants may
drive increased consumption of material goods, consequently
raising carbon emissions from logistics. Furthermore, international
migration may escalate logistics transportation, further exacerbating
carbon emissions. Overall, as international migration increases,
carbon emissions tend to rise.

TABLE 5 Heterogeneity test for the effect of population mobility on carbon emissions in the western region.

Variables (1) (2) (3)

migint −11.036 8.169

(−0.98) (0.66)

lnurban 5.269 8.348 11.798

(0.67) (1.06) (1.09)

lnpop 3.599 12.367 6.504

(0.42) (1.26) (0.56)

lngsp 1.277 −7.824 −8.054

(0.15) (-0.79) (-0.70)

lngsper −2.660 6.816 8.846

(-0.30) (0.66) (0.75)

lnfci −0.290** −0.327** −0.288*

(−2.38) (−2.74) (-1.87)

lnso2 −0.031 −0.005 0.096

(−0.47) (−0.08) (1.12)

lnrd 0.066 0.105 −0.010

(0.74) (1.17) (-0.11)

migdom −75.507 −45.323

(−1.66) (-0.87)

Constant −14.860 −156.045 −150.188

(−0.11) (−0.98) (-0.79)

N 39 39 42

Note: Robust standard errors in brackets; ***, ** and * denote significant at the 1%, 5% and 10% levels respectively.
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Secondly, concerning heterogeneity, significant disparities in
carbon emissions exist between Australia’s eastern and western
regions. The eastern region, characterized by a more developed
economy, exhibits greater dependence on industrial and urban
development, resulting in higher carbon emissions. For instance,
major cities like Sydney and Brisbane, being economic hubs, also
register high carbon emissions owing to industrial and urban
development. Conversely, the western region boasts a less
developed economy reliant on agriculture and resource
development, thus recording lower carbon emissions. For example,
Western Australia’s economy is predominantly based on agriculture
and mining, resulting in comparatively lower emissions.

The empirical findings of this paper suggest that with global
economic integration and the advancement of human civilization,
population mobility can contribute to carbon emissions reduction
in Australia.

Firstly, in terms of scale effects, population mobility alters
Australia’s population size and composition, consequently
affecting consumption patterns and environmental dynamics,
thereby influencing changes in carbon emissions. Given
Australia’s status as a major migrant destination, this trend in
population mobility is likely to persist. Policymakers can
implement various measures on both the supply and demand
sides to mitigate carbon dioxide emissions associated with
population mobility. Destination countries can optimize
consumption behaviors and provide incentives for technological
advancements, such as imposing carbon taxes on goods and services.
Additionally, measures like taxes, support, and subsidies can be
employed to reduce the energy intensity of productive sectors, thus
offsetting migration-induced greenhouse gas emissions.

Secondly, with regard to the influx of innovative talent, as
previously discussed, the migration of highly skilled individuals
resulting from population mobility is poised to accelerate
technological innovation in Australia, thereby playing a pivotal
role in addressing climate change challenges and fostering
sustainable development. Consequently, Australian authorities
should prioritize technology development, innovation, and research
and development by strategically increasing the target for skilled
migration in clean energy within migration policy frameworks.
However, it is essential to acknowledge the heterogeneous impact
of acquiring innovative talent on regional carbon emissions.

While this paper enriches the literature on the relationship
between population mobility and the environment, it is not
without limitations. Future research could address these
limitations by examining the relationship between population

mobility and the environment in other countries and regions
outside Australia, employing different econometric and statistical
methodologies. Furthermore, future studies may utilize alternative
indicators such as greenhouse gases, air quality indices, ecological
footprints, and deforestation rates to gauge environmental quality.
Such endeavors will deepen our understanding of the relationship
between population mobility and the environment, guiding the
formulation of sustainable development policies.
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