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Abstract 
Addressing global climate change through obligation assignment of region-specific emissions reduction needs to 
measure not only direct carbon emissions of a particular region but also indirect carbon emissions, which are 
increasingly raised by interregional transfer of carbon emissions. With the literature on carbon emissions 
expanding substantially, emission transfers at both international and national levels have attracted a growing 
attention in the past years. This study provides an overview of the theoretical basis for, and empirical evidence 
on interregional emission transfers from three perspectives: transfer levels, transfer drivers and shared 
responsibility. We emphasize the contribution of such research to our understanding of global carbon emissions 
and regional responsibilities of emissions reduction. The discrepancies with previous studies are discussed in 
relation to the various theoretical arguments and empirical methods. Finally, based on the literature review, the 
study discusses theoretical and practical implications for scholars and practitioners, and highlights possible new 
directions for future research.  
Keywords: interregional emission transfer, transfer drivers, shared responsibility 
1. Introduction 
The 2015 Paris Agreement calls for international community to pursue efforts to limit global-mean temperature 
rise by reducing carbon dioxide emissions. The Carbon emissions issue is first examined by environmental 
scientists who are interested in the greenhouse effect of carbon emissions (Fourier, 1824; Tyndall, 1859). Moving 
to a low carbon economy have attracted economists to explore the economic characteristics of carbon emissions 
since the late 20th century. Grossman and Krueger (1991) argue the environmental Kuznets curve (EKC) to 
hypothesize relationship between CO2 emissions and per capita real GDP. Copeland and Taylor (1995a, 1995b) 
propose the pollution haven hypothesis (PHH), which analyzes pollution transfer among nations in free trade. 
Economic globalization has pushed countries into the internationalization process through specialist production 
and global consumption. Due to resource endowments, industrial scale, production efficiency, and technological 
differences among countries, the issue of carbon transfer triggered by international trade and international 
industrial transfer plays a crucial role in global carbon emissions. The research on emission transfer is normally 
integrated with carbon footprint (Minx et al., 2009; Dong & Geng, 2012; Pang et al., 2017), embodied carbon 
(Kainuma, Matsuoka & Morita, 2000; Qi et al., 2014; Zhang et al., 2017), or carbon leakage (Babiker, 2005; 
Kuik & Hofkes, 2010). As the importance of cross-regional trade and industrial transfer within a country is 
increasing recognized in the international climate change discussion, there is a growing literature on the carbon 
transfer within a nation as well (Yao & Liu, 2010; Zhang, 2016; Liao & Xiao, 2017).  
To provide a more reasonable integrated framework to deal with perceived carbon emissions accounting 
worldwide, problems of emission transfer should be discussed firstly - How to define and measure the emission 
transfer at international or national levels in order to assess the total carbon emissions of certain regions? How to 
find and understand the factors that drive interregional transfer of carbon emissions? How to distribute and 
evaluate carbon emissions responsibilities among regions? In recent years, there has been considerable progress 
in studies of carbon transfer to answer the above questions. With various motivations, theoretical hypothesis and 
estimation methods, the present studies have not provided definite conclusions about emission transfers. It is 
then necessary to perform a survey of interregional transfer of carbon emissions in order to clarify current 
theoretical and empirical debate and provide a way of more systematically analyzing carbon emissions.  
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The objective of this study is, firstly, to survey the theory and evidence on interregional emission transfers to 
obtain a comprehensive assessment of carbon emissions, secondly, to distinguish main factors driving 
interregional emission transfer in a non-cooperative globalized world and, finally, to provide a comparison of 
emission responsibilities based on different principles, including producer responsibility, consumer responsibility 
and shared responsibility.  
The remainder of the paper is organized as follows. Section 2 describes interregional transfers of carbon 
emissions at both international and national levels. Section 3 describes interregional carbon transfer drivers and 
corresponding research methods. Section 4 presents responsibilities of carbon emissions. Finally, conclusions 
and implications are discussed in section 5.  
2. Interregional Carbon Emission Transfer 
2.1 Carbon Emission Transfer across Nations 
The principle of carbon emissions, established by the United Nations Framework Convention on Climate Change 
(UNFCCC) and the Kyoto Protocol, ignores the effect of carbon emission transfers. As a result, the transfer of 
emissions, or so-called carbon leakage, from one national inventory to another would weaken the effectiveness 
of global carbon emission reduction policies. Global climate governance in the post-Kyoto era need to pay more 
attention to the allocation of carbon emissions and emission reduction responsibilities with emission transfers 
taken into account. Generally, carbon emission transfers among various countries have been vented through the 
economic transmission mechanisms of international trade and investment. A large number of studies have 
estimated the transfer of emissions associated with the trade of non-renewable energy and carbon-intensive 
goods, and the relocation of heavy pollution industries, from high-income to low-income countries (Wyckoff & 
Roop, 1994; Peters & Hertwich, 2008a). The current literature is largely divided into three levels: macro-, meso-, 
and micro-levels of analysis. 
At the macro-level of national economy, date from one country or multiple countries are used to perform 
Computable General Equilibrium (CGE) to study the impact of changes in socio-economic structure on carbon 
emissions or to evaluate resource use related to trade balances between countries (Kainuma, Matsuoka, & Morita, 
2000; Qi et al., 2014). Applying the pollution haven hypothesis (PHH) to carbon emissions analysis can be 
divided into two parts. On the one hand, there are significant differences in environmental management 
capabilities and environmental standards among countries. In the process of pursuing profit maximization, 
polluting energy-intensive industries or enterprises consider the cost of environmental control and continue to 
move from countries with stringent environmental protection laws to those with more relaxed environmental 
protection laws. This is known as the industrial flight hypothesis proposed by Tobey (1990). On the other hand, 
in order to promote exports or obtain investment to promote economic growth, some countries set pollution 
control standards lower than the social efficient level to attract the transfer of carbon-intensive industries, which 
is the pollution displacement hypothesis put forward by Liddle (2001). Obviously, according to PHH, whether 
for the pressure of governance cost considerations or the pursuit of an appeal for economic growth, 
carbon-intensive industries are transferred from developed countries to developing countries, thus revealing that 
developing countries encounter the risk of becoming a global carbon shelter. Research on carbon transfer mainly 
focuses on the analysis of the amount of embodied carbon transfer among countries in international trade.  
At the meso-level of industrial economy, the industrial association analysis is used to quantitatively study the 
transfer of emissions in industrial sectors. Environmentally extended input-output analysis (EE-IOA) is currently 
the mainstream method for studying the carbon emission transfer. This input-output method can clearly calculate 
the trade and regional carbon emissions, including Single Regional Input-output (SRIO), Bilateral Region 
Input-output (BTIO) and Multi-Region Input-output (MRIO). The SRIO model uses the input-output table of a 
country to analyze the carbon emissions of the country. When considering the country's trade with other partners, 
this SRIO does not distinguish different trading partner countries. It is assumed that the production technology of 
the country and the trading partner country is the same, that is, the SRIO follows import substitution assumptions 
with the same energy consumption factor for imported products and domestic products. The SRIO model is 
relatively simple because of its calculation method and data requirements, which facilitates timely measurement 
of the embodied carbon emissions of a country, but the accuracy of the results is not high (Lin & Polenske, 1995; 
Peters et al., 2007; Cao & Xie, 2007; Dong & Geng, 2012). Unlike the SRIO model, both the BTIO and the 
MRIO models are based on heterogeneous assumptions of domestic and foreign energy consumption. The BTIO 
model mainly considers bilateral trade and is widely used for the calculation of the transfer of carbon emissions 
among specific trading partners (Peters & Hertwich, 2008a; Li & Qi, 2010; Ren et al., 2014). The BTIO model 
does not consider the supply chain relationship of the inter-industry sectors under open conditions and assumes 
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that all imported goods are ultimately consumed in the importing country, rather than the use for intermediate 
inputs, processing or re-export through the importing country. In contrast, the MRIO model further differentiates 
between imports for intermediate inputs and imports for final demand, which can cover the indirect effects of 
production activities on the supply chain and portray spillover effects and feedback effects among countries due 
to trade. The MRIO model is more suitable for calculating the environmental responsibility caused by the final 
consumption. However, the complexity of the model raises higher requirements for data processing and 
information support (Shui & Harriss, 2006; Li & Hewitt, 2008; Peters et al., 2007; Qi et al., 2014). 
Different from the top-down approach of macro- and meso-level research, the micro-level of carbon transfer 
research path is a bottom-up approach, mainly using the Life Cycle Assessment (LCA). LCA is an important 
methodology to assess the potential environmental impacts of products, systems, or services at all stages in their 
life cycle. The ecosystem's carbon footprint analyzes the environmental load at the product, household, and 
enterprise levels. Cortés-Borda et al. (2015) investigate how to mitigate global warming by performing changes 
in an economy by making use of a systematic tool that combines three methods:  linear programming, 
environmentally extended input output models, and life cycle assessment principles. In addition, a Hybrid 
MRIO-LCA method for hybrid processing in the MRIO and LCA models is also used to address emission 
transfers recently. The bottom-up approach describes data collected and processed at the micro-level, often the 
same as an individuals, households and business operations. One of the disadvantages of the bottom-up approach 
is that data collection and accounting procedures can differ from site to site, from person to person, and over 
time. 
2.2 Carbon Emission Transfer within Nations 
With the extensive development of international carbon transfer research, studies on the transfer of carbon 
emissions within nations have emerged one after another. Among them, the research in China has taken priority. 
China is the world’s largest carbon emitter and second largest economy. There are obvious gradient differences 
in the economic development of various regions in China, and domestic trade also produces a large amount of 
emission transfers. Moreover, in order to expand domestic demand and transform the mode of economic 
development, cross-regional industrial transfers have become an important driving force for industrialization and 
urbanization. Especially in the 21st century, with the increasing pressure on environments and resources, the 
problem of carbon emission transfer among regions in China has begun to attract widespread attention from 
scholars. 
From the perspective of measures of carbon transfer, the literature mainly expands from two dimensions: 
regional trade and regional industrial transfer. With the continuous expansion of the scale of interregional trade, 
the embodied carbon emissions in regional trade of products and services have become an important 
transmission mechanism for regional carbon transfers, and their impact on China’s carbon dioxide emissions has 
become increasingly significant. The dimension of regional industrial transfer defines industrial transfer as an 
industry linkage driven by export-driven and final demand driven. Liao & Xiao (2017) use an input-output 
method to construct an industrial transfer model and measure the net industrial transfer and the corresponding 
regional amount of net carbon transfer among consumption-driven, export-driven and final-use regions. They 
find that industrial transfer in the southwestern region showing carbon leakage from the pollution industries, 
while northern coastal areas and southern coastal areas showing carbon emission reduction effects from the clean 
industries. 
From the perspective of the research regions of carbon transfer, the existing literature is mainly developed from 
two levels: regional level and provincial level. Regional carbon transfer research often divides China into eight 
regions: northeast, central, northwest, southwest, Beijing and Tianjin, northern coast, eastern coast, and southern 
coast. China’s input-output tables are used to account for the total regional flows and transfers of 
products/services and embodied carbon emissions (Yao & Liu, 2010). Since major industries transferred out 
from the coastal regions are high-carbon, high-energy-consuming, resource-based industries and related 
manufacturing industries, scholars have basically agreed that coastal industrial transfer and regional trade lead to 
increased pollution and carbon leakage of central and western regions. The central region of China shows the 
characteristics of the transfer station for carbon transfer from East region to West region (Liao & Xiao, 2017). As 
the comprehensive consideration of the emission transfers among provinces in China is relatively insufficient, it 
is hard to meet the current requirements for China to decompose the carbon emission targets into provincial-level 
administrative regions. Pang et al. (2017) apply the input-output table to measure the carbon footprint and carbon 
transfer of the 12 provinces in China, and find that the three provinces of Hebei, Shanxi, and Inner Mongolia are 
under carbon emission pressure from other provinces. 
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From the perspective of research methods, domestic research mainly draws on international carbon transfer 
research methods, adopts domestic input-output data, and uses input-output models to conduct research, 
including emissions embodied in bilateral trade (EEBT) based on single-area input-output and MRIO methods 
based on multi-region input-output (Pang et al., 2017). Luo (2016) uses the MRIO model to analyze carbon 
emission accounting and distribution of responsibility of China’s provinces from three principles of producer 
responsibility, consumer responsibility, and technology-adjusted consumer responsibility. Zhang (2016) applies 
the EEBT method under the bilateral trade perspective and the MRIO method from the perspective of 
multilateral trade to measure the emission transfers among provinces in China simultaneously. The results show 
that the carbon emission coefficients calculated using the MRIO model are significantly higher than those of the 
EEBT method. 
3. Interregional Emission Transfer Drivers 
To study carbon emission transfer, it is necessary to find out the determinants of the transfer of carbon emissions. 
In recent years, interregional carbon emission transfer is recognized driven by a variety of factors: improvements 
in the economic development level, promotions of energy efficiency of production, changes in the industrial 
structure, changes in the composition of final demand, processes of foreign economic liberalization (i.e., 
economic openness), as well as socio-demographic trends. Most of these studies involve multiple influencing 
factors to examine their impact on carbon emissions. According to research methods, research on carbon transfer 
drivers can be divided into three categories: decomposition analysis, econometric methods, and hybrid methods. 
3.1 Decomposition Analysis 
Decomposition analysis can be applied to directly quantify the contribution of various drivers to the overall 
change in industrial-related carbon emissions. Decomposition analysis is generally based on environmental 
impact assessment models (such as the well-known IPAT identities and derived KAYA identities). To quantify 
the impact of different factors on change of CO2 emissions, two main decomposition methods are popular today: 
index decomposition analysis (IDA) and structural decomposition analysis (SDA) (Wang et al., 2017). 
The analysis based on the IDA framework is widely used based on data collecting from industries and 
departments. Applying IDA requires that the data of the sum of industries and departments is available with a 
certain number of continuous years. The specific research field of IDA covers energy consumption, CO2 
emissions, the relationship between energy and CO2 emissions, the relationship between energy and environment, 
the relationship between CO2 and economic development, and many other aspects (Lin et al., 2006; Xu & Ang, 
2013; Cansino et al., 2015). Among IDA methods, the logarithmic mean divisia index (LMDI) decomposition 
methods has been recognized as the preferred method and widely used (Ang, 2004). Through the analysis of 
continuous historical data in the above-mentioned research fields, the specific direction of conclusions of IDA is 
clear, and related policy recommendations is also relatively simple. IDA is thus easy for government officials 
and the public to understand. IDA provides an easy way to use public data and has been proven to be particularly 
effective in tracking energy efficiency improvements across economies. IDA is applied by energy agencies in 
various countries, including the United States, Canada, Australia, New Zealand, and Europe.  
SDA has been used to analyze carbon emissions and energy intensity indices for a specific country or group of 
countries based on the regional input-output models. Based on 28 regional input‐output tables of China for 2002 
and 2007, Feng et al. (2012) adopt SDA to analyze how changes in population, technology, economic structure, 
urbanization, and household consumption patterns drive regional CO2 emissions. Dong et al. (2018) employ 
SDA and quantile regression to investigate the factors that drive changes in carbon emission intensity in China. 
The results specify that the industrial sector is the key sector for energy conservation and emission reduction. 
Mohlin et al. (2018) use both IDA and SDA to analyze the driving role of renewable energy in carbon emissions 
reduction in the United States. In the period from 2007 to 2013, US carbon emissions were reduced by 
approximately 10%, of which 2.3%-3.3% emission reduction from renewable energy, 2.5-3.6% reduction from 
natural gas, and 0.6-1.5% reduction from nuclear energy.  
3.2 Econometric Methods and Regional Panel Data 
Compared with the decomposition analysis, the econometric method can more flexibly incorporate multiple 
drivers into the model according to the corresponding theory, and test whether various drivers have statistical 
significance for carbon emissions. However, this method cannot determine the actual contribution of various 
factors to carbon emissions and can only estimate the coefficient of elasticity of carbon emissions for various 
factors.  
Some scholars have focused on the research on the driving factors of carbon emission transfer between regions, 
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in particular, testing the pollution haven hypothesis and factor endowment hypothesis. Among them, most 
studies are based on econometric methods (Lin & Zou, 2014), whereas their conclusions are not consistent. 
Zhang (2015) applies input-output models to study this issue and finds that the pollution haven hypothesis and 
factor endowment hypothesis can only partly explain China's interregional trade.  
3.3 Combination of Decomposition Analysis and Econometric Methods 
The main method combined decomposition analysis and econometrics is STIRPAT (Stochastic Impacts by 
Regression on Population, Affluence, and Technology) (Ma, et al., 2017). STIRPAT builds on IPAT/impact 
equation of Ehrlich and Holdren (1971): I = P × A×T, where I is environmental impact, P is population, A is 
affluence, and T is technology. The STIRPAT formulation transfers the traditional IPAT model from taking the 
logarithm form to an econometric model and can incorporate more drivers. However, this hybrid approach seems 
to reflect more of the characteristics of the econometric approach, which is mainly to estimate the coefficient of 
elasticity of carbon emissions on relevant factors. 
4. Sharing Responsibility for Carbon Emissions 
The essence of the question of who is responsible for carbon emissions, associated with the production of 
goods/services in countries/regions for consumption in other countries/regions, is the allocation of responsibility 
for emissions between the producer and the consumer. Therefore, from the perspective of allocating carbon 
emission responsibilities between regions, there are two basic principles: producer responsibility and consumer 
responsibility.  
4.1 Producer Responsibility  
The Kyoto Protocol allocates CO2 emissions to the country in which the emission occurs, called producer 
responsibility. The current national emissions inventories released by the United Nations Intergovernmental 
Panel on Climate Change (IPCC) are also generated based on this producer responsibility in which a nation is 
responsible for all emissions emitted within its borders, including the products it produces, the services it 
provides, and the CO2 emissions during energy consumption. A further principle in line with this is extended 
producer responsibility (EPR) that is likely to motivate countries to reduce CO2 emissions throughout the life 
cycles of the goods they produce (Clift & France, 2006). The principle of producer responsibility is widely used 
in academic research: Chang & Lin (1998) follow the principle of producer responsibility, distribute carbon 
emissions to each production department according to the final-use path in the life cycle, and calculate carbon 
emissions from Australia, the United Kingdom, Germany and Taiwan. Lenzen (1998) and Kim (2002) calculate 
carbon emissions from Australia and South Korea respectively on the basis of the principle of producer 
responsibility. Based on this principle, He (2010) also measures the annual direct and indirect carbon emissions 
during the production process of each department in China.  
Although allocating emissions responsibility to the producer can motivate direct emitters to reduce emissions 
from production, there is no incentive for the consumer to control a significant fraction of global carbon 
emissions “hidden” in international trade. Peters & Hertwich (2008a, 2008b) estimate that in 2001, roughly 23% 
of energy related emissions were embodied in trade. Producer responsibility is criticized for causing carbon 
leakage, which occurs when a country opts to limit its own carbon emissions by importing goods or transferring 
high-carbon industries. By international trade and transferring high-carbon emission industries to developing 
countries, the carbon emissions reported by the developed country is reduced, but the total global carbon 
emissions increase. Furtherly, due to differences in the economic levels and structure, producer responsibility 
principle only considers the pollution emissions directly related to the domestic sector, resulting in the 
developing country as a major exporter of high-pollution, high-energy-consuming products, while the developed 
countries as an importer of foreign products to enjoy high standards of living and low levels of pollution.  
4.2 Consumer Responsibility  
Production serves consumption. The distribution of carbon emissions and emission reduction responsibilities for 
ultimate consumers has become a hot topic of research. Many scholars and research institutions advocate that a 
country should bear the carbon dioxide emissions caused by the products and services it consumes, known as 
consumer responsibility (Munkagaard & Pedersen, 2001). Since final consumption is one of the important 
driving force of industrial development at the expense of environmental damage, countries of final consumption 
should take responsibility for the environmental costs and consequences of consumption patterns. 
Consumption-based CO2 inventories account for emissions from production and imports, and subtract embodied 
emissions exported in trade (Peters & Hertwich, 2008b). Allocating embodied emissions to the consumer can 
mitigate the problem of carbon leakage. The consumer responsibility sharing mechanism seems to be more 
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beneficial and fairer to developing countries, and it might help to encourage more participation from developing 
countries in mitigation regime (Zhou et al., 2010).  
There is a growing body of literature demonstrating that consumer responsibility principle is used to calculate 
the amount of carbon dioxide. Using Denmark as a case, Munksgaard and Pedersen (2001) demonstrate the 
distinction between a production and a consumption principle to account annual CO2 emissions. They show that 
it has become more difficult to reach the Danish CO2 target as an increasing part of emissions from foreign 
demand, and then the consumer CO2 accounting principle gives additional information to decision makers. Feng 
(2003) suggests the benefit principle that assigns the responsibility of pollutant emissions to the driving forces 
behind the activities that emit pollutants rather than to direct emitters. Zhou et al. (2010) argues that a change 
from producer responsibility to consumer responsibility greatly influences national emissions inventories, which 
implies that trade adjustment to current national accounting to generate national responsible emissions accounts 
can be considered as a complementary policy option to help address the carbon leakage concern.  
However, a shortcoming of consumer responsibility including foreign imported CO2 emissions in the national 
account is that no direct influence can be expected by the importing country on the technologies and fuels used 
abroad (Munksgaard & Pedersen, 2001). There arises a problem of low carbon emission efficiency of exporting 
countries or export industries because they are carbon emission producers, rather than consumers. Moreover, 
emissions accounting based on consumer responsibility principle is complicated and requires massive data that is 
normally difficult to obtain. 
4.3 Shared responsibility 
Assigning the responsibility for carbon emissions to either full producers or full consumers should not be a 
binary decision, shared producer and consumer responsibility is needed (Zaks et al., 2009). Hence, several 
authors have put forth allocation schemes in which carbon emissions are shared between producers and 
consumers. The shared responsibility provides economic incentive to consumer nations to meet demand with the 
smallest environmental impacts and pushes producer nations to reduce the carbon emissions embodied in their 
producing process simultaneously. 
Lenzen et al. (2007) portray the real-world that both the final consumers and their upstream suppliers play some 
role in causing ecological footprints and discuss a method of mutually exclusive and collectively exhaustive 
responsibilities to be shared by all actors in an economy. Kander et al. (2015) propose the principles of 
technically adjusted consumer responsibility accounting to compensate for the deficiencies of the producer 
responsibility and consumer responsibility. The basic idea is that carbon emissions from the product are 
compared with the world average carbon intensity for each sector. If the carbon emission of export products is 
higher than the world average, the higher part is the responsibility of the producer. Conversely, if the carbon 
emissions of exports are lower than the world average, and the lower part needs to be deducted from the 
producer to show incentives for the producer of low carbon production. Jiborn et al. (2018) proposes a new 
indicator – the technology adjusted balance of emissions embodied in trade – that improves on existing ideas by 
separating out the effects of scale and composition of trade from the effects of different technologies and energy 
systems.  
5. Conclusions and Implications 
5.1 Conclusions 
The mitigation of the global carbon emissions is not only an economic issue but also a political game in a 
non-cooperative globalized world. Although effort commitments have thus far been made to control carbon 
emissions by governments, the controversy of environmental responsibility and carbon reduction has never 
stopped. Interregional carbon emission transfer has been the focus of the disputation.  
This study provides a comparative review of the interregional carbon transfer by surveying the theoretical basis 
and empirical evidence from the literature. Our reading of the extant literature suggests the following 
conclusions: 
Regional carbon transfer is mainly aroused by interregional trade and industrial transfer, including macro-, meso-, 
and micro-levels. 
Decomposition analysis, econometric methods, and hybrid methods are used to distinguish key factors driving 
interregional carbon transfer. 
Two extremes of allocating full responsibility for producers or consumers is arguable, the intermediate principle 
of shared producer and consumer responsibility may work as direct incentives to improve environmental 
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behaviors of both actors. 
5.2 Implications 
Recent growth in carbon emission transfer between developed and developing countries/regions is accelerating 
with closer spatial economic relations. Interregional emission transfer, carbon emissions produced in one region 
and consumed in other regions, then has become an acute debate in the public climate change discussion, 
attracting the attention of academic researchers, business experts, national or local governments, and 
international organisations as well as. Therefore, this systematic literature review is particularly useful to gather 
and integrate information to provide sound theoretical foundations for incorporating interregional carbon 
emission transfer in building the framework of global carbon emissions. Summarizing and interpreting the 
research literature on emission transfer is also meaningful to facilitate more accurate policies and interventions 
toward regional energy cooperation and carbon reduction mechanisms around worldwide. Moreover, carbon 
emission transfer embodied in interregional economic ties makes the distribution of regional emission 
responsibility difficult. The findings of this research help policy-makers to understand the real-world 
implications of sharing responsibilities between producers and consumers and put the principle of common but 
differentiated responsibilities into practice.  
While much has indeed been learned about interregional transfer of carbon emissions, there are a variety of 
avenues that need further research. The findings imply that the prospective research tendencies on interregional 
carbon transfer are as follows: 
 One of the most challenging problems seems to be the management of intertemporal carbon emission 
transfer among regions. Substantial efforts need to be put into place to build awareness about intertemporal 
effects of interregional transfer of carbon emissions. 
 As mentioned above, more attention has been paid in the extent literature to the demand-side factors in 
driving emission transfer. Future directions should focus in particular on supply-side factors that strengthen or 
weaken the existence of interregional transfer of carbon emissions. 
 Finally, there is a general need for balancing fairness and efficiency in enhancing global mitigation actions. 
The distribution of carbon emission responsibilities across regions need to be further addressed, with more 
research to be carried out in set reasonable and consensual carbon emission targets aimed at achieving 
sustainable development. 
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