
 
 

University of Birmingham

Urban and rural carbon footprints in developing
countries
Connolly, Mairéad; Shan, Yuli; Bruckner, Benedikt; Li, Ruoqi; Hubacek, Klaus

DOI:
10.1088/1748-9326/ac7c2a

License:
Creative Commons: Attribution (CC BY)

Document Version
Publisher's PDF, also known as Version of record

Citation for published version (Harvard):
Connolly, M, Shan, Y, Bruckner, B, Li, R & Hubacek, K 2022, 'Urban and rural carbon footprints in developing
countries', Environmental Research Letters, vol. 17, no. 8, 084005. https://doi.org/10.1088/1748-9326/ac7c2a

Link to publication on Research at Birmingham portal

General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

•Users may freely distribute the URL that is used to identify this publication.
•Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 24. Apr. 2024

https://doi.org/10.1088/1748-9326/ac7c2a
https://doi.org/10.1088/1748-9326/ac7c2a
https://birmingham.elsevierpure.com/en/publications/14eca8fa-3f41-4cc7-b6d9-9dc8f838635c


LETTER • OPEN ACCESS

Urban and rural carbon footprints in developing
countries
To cite this article: Mairéad Connolly et al 2022 Environ. Res. Lett. 17 084005

 

View the article online for updates and enhancements.

You may also like
Renewal and Upgrading System For A
Sustainable Urban-Rural Housing System
Development: Panacea To
Accommodation, Employment And
Healthcare Issues
L. M Amusan, C.N Akanya, K. A Adeyemo
et al.

-

Rural Industry Clustering Towards
Transitional Rural-Urban Interface
P Nugroho

-

A Study on the mode of home-based care
for the rural areas in Guanzhong, Shaanxi,
China
Tongtong Ji and Zhichun Yu

-

This content was downloaded from IP address 147.188.251.7 on 25/08/2022 at 16:59

https://doi.org/10.1088/1748-9326/ac7c2a
https://iopscience.iop.org/article/10.1088/1755-1315/331/1/012027
https://iopscience.iop.org/article/10.1088/1755-1315/331/1/012027
https://iopscience.iop.org/article/10.1088/1755-1315/331/1/012027
https://iopscience.iop.org/article/10.1088/1755-1315/331/1/012027
https://iopscience.iop.org/article/10.1088/1755-1315/331/1/012027
https://iopscience.iop.org/article/10.1088/1755-1315/158/1/012055
https://iopscience.iop.org/article/10.1088/1755-1315/158/1/012055
https://iopscience.iop.org/article/10.1088/1755-1315/233/2/022029
https://iopscience.iop.org/article/10.1088/1755-1315/233/2/022029
https://iopscience.iop.org/article/10.1088/1755-1315/233/2/022029


Environ. Res. Lett. 17 (2022) 084005 https://doi.org/10.1088/1748-9326/ac7c2a

OPEN ACCESS

RECEIVED

8 April 2022

REVISED

10 June 2022

ACCEPTED FOR PUBLICATION

27 June 2022

PUBLISHED

15 July 2022

Original content from
this work may be used
under the terms of the
Creative Commons
Attribution 4.0 licence.

Any further distribution
of this work must
maintain attribution to
the author(s) and the title
of the work, journal
citation and DOI.

LETTER

Urban and rural carbon footprints in developing countries
Mairéad Connolly1, Yuli Shan1,2,∗, Benedikt Bruckner1, Ruoqi Li1,3 and Klaus Hubacek1,∗
1 Integrated Research on Energy, Environment and Society (IREES), Energy and Sustainability Research Institute Groningen (ESRIG),
University of Groningen, Groningen, 9747 AG, The Netherlands

2 School of Geography, Earth and Environmental Sciences (GEES), University of Birmingham, Birmingham, B15 2TT, United Kingdom
3 State Key Laboratory of Pollution Control and Resource Reuse, School of the Environment, Nanjing University, Nanjing 210023,
People’s Republic of China

∗ Authors to whom any correspondence should be addressed.

E-mail: y.shan@rug.nl and k.hubacek@rug.nl

Keywords: household consumption, inequality, greenhouse gas emissions, carbon accounting, input–output analysis

Abstract
A good understanding of household carbon emissions is an important part of forming climate
mitigation strategies to achieve the goals set out in the Paris Agreement. Numerous studies have
been carried out on emissions from household consumption and the inequality between urban and
rural areas in high-income developed countries, but there is a lack of in-depth analysis of such
differences in developing countries. Our research details household carbon footprints (CFs) of four
urban and four rural income categories for 90 developing countries, by linking global expenditure
data to the environmentally extended multi-regional input–output approach. We show that there
are large inequalities between urban and rural areas in developing countries. The average per capita
CF in urban areas tends to be larger than that of rural inhabitants ranging from twice as large to
nine times larger. We find that electricity consumption and transport are the largest contributors to
the total CF in all expenditure groups. High-income rural households have an average per capita
CF of 12.38 t CO2 which is 25% higher than the equivalent urban high-income group, which
deviates from the literature looking at a subset of cases. Our study contributes to the existing
research on CFs by providing knowledge on the consumption patterns and related carbon
emissions of urban and rural populations in these understudied parts of the world.

1. Introduction

The impacts of climate change are far-reaching and
threaten to expose the vulnerabilities of individual
countries to environmental damage, such as flood-
ing and loss of habitats as well as leading to socioeco-
nomic impacts, such as migration (Klingelhöfer et al
2020). The Intergovernmental Panel on Climate
Change (IPCC) has proposed that a transition is
needed also in household consumption, to increase
our chances of limiting warming to 1.5 ◦C above pre-
industrial levels, one of the goals set out in the Paris
Agreement (Masson-Delmotte et al 2018). World-
wide, households contribute directly and indirectly
72% to greenhouse gas emissions (Dubois et al 2019).
This fuels the need for research, to form a better
understanding of not only the origins of carbon emis-
sions in high-income countries, but to have a compre-
hensive understanding of how tomitigate the impacts
of climate change, in all regions of the world.

There are considerable differences between the
lifestyles of urban and rural populations, such as
diversity in the amount of consumption in specific
sectors such as transport, electricity and fuel which
influences the consumption-based carbon emissions
associated with living in these areas. To change con-
sumption patterns or lower the absolute volume of
high levels of consumption, it is necessary to under-
stand differences within countries such as between
urban and rural areas in order to implement tar-
geted actions to reduce consumption-based carbon
emissions. Consumption-based emissions refer to
emissions along the entire supply chain of products
consumed by final consumption, in this case house-
holds. It is important to consider emissions embod-
ied in trade rather than allocating all carbon emis-
sions to the country of production, which can have
a negative result on allocated emissions for net
exporting countries, and a more favourable outcome
for net importers, mainly high-income countries.

© 2022 The Author(s). Published by IOP Publishing Ltd
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Identifying differences in consumption-based emis-
sions between types of households can inform more
fine-grained and targeted mitigation policies, rather
than one-size-fits-all approaches, such as policy
action on access and affordability of clean, efficient
energy options to manage the unequal distribution
of energy footprints in developing countries (Oswald
et al 2020, Baltruszewicz et al 2021).

The literature on consumption-based carbon
emissions of urban and rural residents mainly focuses
on high-income countries such as Germany (Gill and
Moeller 2018) and Finland (Heinonen and Junnila
2011), and upper–middle-income countries, such as
China (Ravallion and Chen 2007, Liu et al 2011,
Wiedenhofer et al 2016). There are only a limited
number of studies on lower income countries, e.g. on
India (Hubacek et al 2007, Wang and Wang 2020) or
for specific regions such as the Brazilian and Peruvian
Amazon (Padoch et al 2008) and no global comparat-
ive studies on consumption patterns and related car-
bon emissions of urban and rural residents of devel-
oping countries. To the best of our knowledge, the
most geographically comprehensive study on urban
and rural energy-related carbon emissions focuses
specifically on the Asian continent (Krey et al 2012),
depicting a clear gap in the literature for a global com-
parative lens across developing countries.

Considering this research gap, our study invest-
igates and compares differences in consumption pat-
terns for four income groups in urban and rural areas
and the associated carbon emissions in 90 developing
countries. We use expenditure data of 25 economic
sectors from the World Bank’s Global Consumption
Database (WBGCD) of 2011. These 90 developing
countries, represent 75% of the global population,
35% of global GDP, and 63% of global annual car-
bon emissions for the year 2011 (Centre for Global
Development 2011). We use multi-regional input–
output (MRIO) analysis to calculate the per capita
carbon footprint (CF) of four expenditure groups in
urban and rural areas, respectively, for each country,
and identify the most important consumption items
and their direct and indirect emissions. We argue
that these findings will be of particular importance
in forming climate mitigation strategies in the future,
by providing new information on the consumption
patterns and related CO2 emissions of different eco-
nomic groups in urban and rural areas.

2. Methodology

2.1. Environmentally extendedMRIO (EEMRIO)
analysis
In this research, we use the EEMRIO approach (see
e.g. Hertwich and Peters (2009) and Ivanova et al
(2017)). In the EEMRIO framework, Z rs

ij represents
the interregional trade between sector i in region r
and sector j in region s while the total output of

sector j in region s is computed and represented by
x sj . We can then calculate the matrix of technical coef-
ficients by using equation (1):

a rs
ij =

Z rs
ij

x sj
. (1)

TheA-matrix represents the technical coefficients
a rs
ij . Final demand, Y, consists of y rsti , the final demand
for sector i in region r from region s and in the final
demand category t. The Leontief inverse matrix is
then used to calculate the effects on total output,∆x,
by multiplying the Leontief inverse with the changes
in final demand,∆Y, as seen in equation (2):

∆x= (I−A)−1
∆Y. (2)

To compute the consumption-based carbon emis-
sions, CO2 coefficients must first be determined by
dividing the CO2 emissions provided by the Global
Trade Analysis Project (GTAP) database, by the previ-
ously determined total output, x. The combined CO2

emissions are then used to form a matrix C, which
when multiplied by the total output matrix X, res-
ults in a matrix of consumption-based CO2 emis-
sions ε, associated with final demand Y, as shown in
equation (3):

ε= C ·X= C(I−A)−1Y. (3)

2.2. Household expenditure data
We use the WBGCD, to capture the consumption
patterns of urban and rural populations in develop-
ing countries. This database has been used in pre-
vious studies on carbon emissions and inequality
(Hubacek et al 2017a, 2017b, Dorband et al 2019,
Zhong et al 2020). The WBGCD provides household
consumption data for 90 developing countries, for
the year 2011, with expenditure converted into US
dollar (USD) purchasing power parities (PPP). Each
country in the database is separated into urban and
rural population, as well as into four income categor-
ies. The per capita consumption categories consist
of (a) the lowest level with expenditure below $2.97
per day, (b) the low level with expenditure between
$2.97 and $8.44 per day, (c) middle level between
$8.44 and $23.03 per day, and (d) high with expendit-
ure above $23.03 per day. Global income distribution
data is also used to rank these consumption groups.
The lowest level is made up of the population living
below the 50th percentile of the global distribution,
low is between the 51st and 75th percentiles, middle is
between the 76th and 90th percentiles and the highest
consumption segment is situated above the 90th per-
centile.

2.3. Bridging the datasets
We use two data sets in this study. The WBGCD con-
tains final demand of consumption of 25 products

2



Environ. Res. Lett. 17 (2022) 084005 M Connolly et al

and services for urban and rural households for 90
developing countries, covering 87%of the world pop-
ulation. GTAP 10MRIO consists of 65 economic sec-
tors and their respective CO2 emissions of 121 coun-
tries and 20 aggregate regions of the world.

The first problem to solve with regards to match-
ing these two data sets, involves the aggregate regions
reported in GTAP. The 90 developing countries under
analysis do not always have a perfect match with
the relevant region in GTAP. This means that coun-
tries, for example Afghanistan, do not have a match-
ing country in the GTAP database, rather being sub-
sumed under the aggregate region ‘Rest of SouthAsia’.
To match the datasets through individual countries,
UN population data from 2014 is used to divide the
aggregate region into the relevant country size. This
approachwas required for 27 countries. Furthermore,
using consumer price indices from the WBGCD of
2011 is inflated to the year 2014, in order to match
the MRIO of GTAP 10.

The WBGCD contains 25 different products and
services while GTAP has 65 sectors and 141 countries
and regions, which accounts for 92% of the world
population. Therefore, to match the two data sets, we
must match the 25 sectors of theWBGCDwith the 65
sectors of the final demand vector in the GTAP data-
set. This is done by a bridging process, as in Hardadi
et al (2021) whereby a matrix which is made up of 0’s
and 1’s is used to allocate comparable sectors.

The idea behind matching and bridging the data,
is to end up with a vector of total country expendit-
ure, which matches the final demand vector of GTAP
10. There are eight consumption groups in the ori-
ginal expenditure data set of the WBGCD, represent-
ing urban and rural areas and within these areas, four
income groups. The final bridged expenditure data
will be identical to the final demand vector of GTAP,
which will ensure accurate results for the EEMRIO
analysis.

2.4. Limitations
Household surveys of individual countries potentially
taken at different time points, may affect the accur-
acy of the data and lead to a reduction in quality of
the results (The World Bank 2021). Another prob-
lem of using consumer expenditure surveys is insuf-
ficient sector resolution, which requires aggregation
of sectors that may potentially have large differences
in emissions intensity, and a mismatch between con-
sumption categories and sector resolution (see e.g.
Wiedmann (2009) and Hubacek et al (2017a)).

Another problem is the exclusion of certain
energy sources, which can be considered as ‘unmar-
keted’, such as burning biomass (Martinot et al 2002,
Bruckner et al 2022). The high percentage of non-
commercialised energy sources can be seen in rural
China, where large shares of the populations burn
waste, wood, and crop residues as a source of energy.

This is a typical practice in many low-income, devel-
oping countries as the connections to the energy
grid is not as well-maintained as in wealthier regions
(Zhang 2013, Vishwanathan and Garg 2020). The
lowest income households are particularly reliant on
non-commercial energy sources such as burning bio-
mass like wood and crop residue for cooking, as they
often do not have access to clean fuels (IEA 2020).
This has an impact on the findings as itmeans that the
CF of the low income consumption groups may not
accurately reflect the actual carbon emissions associ-
ated with their energy consumption.

While the World Bank database covers 90 devel-
oping countries, there are still several low-income
countries such as Iran, Somalia, Myanmar, and Cuba
missing. The UN classification of 2014 lists 134
countries as developing, of these countries 67% are
included in this study. In addition, there is miss-
ing data within specific countries. An example is
Montenegro, where the lowest income group in urban
areas is missing, or Mali with an underreporting in
both the middle and high-income groups in rural
areas. There are also many zero values in countries
where there is no data on expenditure in certain sec-
tors. The highest number of missing values is in the
high-income expenditure groups of rural households,
where 34% of the 90 countries have zero values.

Another source of potential error is the separation
of aggregate regions in the GTAP database into indi-
vidual countries tomatchwith theWBGCD, based on
the assumption that the economies of the countries
within the region are structurally very similar. Finally,
the WBGCD contains the expenditure data from the
year 2011, while the GTAP 10 data is based on the
year 2014, which are both now fairly old but still the
best available dataset that provides the required con-
sumption information for global income categories
for all countries in this widely used standard format.
This may introduce considerable uncertainties if the
expenditure data has had a substantial increase or
decrease in value during these years. In the case that
the consumption data may have changed between
the years 2011 and 2014. We correct this by using
consumer price indices from the WBGCD of 2011 is
inflated to the year 2014, in order to match theMRIO
of GTAP 10. An even stronger assumption and poten-
tial problem is for countries that have experienced fast
economic growth during and since this time period
as lifestyles in transition economies have most likely
undergone profound changes but there is no recent
database that is able to capture those.

3. Results

3.1. Per capita CFs in urban and rural areas
We find that the average per capita CF of urban inhab-
itants in developing countries is 1.49 t CO2, 45%
higher than the average value of 0.82 t CO2 in rural

3
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Figure 1. The average per capita CFs of the different income levels within urban and rural consumption groups, in all the 90
developing countries. The whisker plot displays one standard deviation from each of the average values. The dotted line shows the
global average per capita CF (CAIT data, 2020).

areas. When considering the overall consumption-
based emissions , the rural high-income group are
responsible for just 1% of total household emissions
of the 90 countries, in comparison to the urban
middle-income group, accountable for the largest
share of consumption-based emissions at 28%, fol-
lowed by the urban low-income group with a 24%
share and the rural lowest income group contribut-
ing just 6%.

Our results for the CF analysis demonstrate
distinct differences between income groups within
urban and rural areas. In figure 1, this contrast
is apparent and although in the lowest-, low- and
middle-income groups, the urban areas have a larger
per capita CF, whereas CFs in the high rural group
with an average of 12.38 t CO2 is larger than in the
high-urban income group with 9.89 t CO2 per cap-
ita. We find an unequal distribution between the low-
est income groups of urban and rural areas, with
a footprint of just 0.38 t CO2 per capita in rural
areas and 0.51 t CO2 in urban areas. The low-income
group also have a higher footprint in urban areas,
at 1.51 t CO2, compared to the rural population’s
1.1 t CO2 footprint. Our study found the smallest
division between urban and rural footprints in the
middle-income group, with just an 8.6% difference
between these populations. The distribution of emis-
sions within income groups has a large overlap, as
indicated by the large standard deviation. This ranges
from a deviation of 10.9 t CO2 from the average value
of 12.38 t CO2 for the rural high-income group, to
0.38 t CO2 from the average value of 0.51 t CO2 for

the urban lowest income group. This is due to these
values being an average of all of the 90 countries in
our study and the CFs of particular income groups
varying widely between countries, and thus causing a
large standard deviation.

Figure 2 shows that the lowest income groups have
similar values to one another compared to those of the
high-income groups. The high-income groups show
extreme per capita CF values in comparison, more
noticeably in countries such as Egypt but still vis-
ible in Eastern Europe and Central Asia. We find that
both Latin American and Caribbean nations, with an
average per capita CF of 2.1 t CO2 in rural areas and
2.3 t CO2 in urban areas, have one of the smallest
differences between urban and rural. In comparison,
China has greater inequality between urban and rural
areas, where the high-income group have an average
per capita CF of 10.7 t CO2 in urban areas compared
to 8.1 t CO2 in rural areas. We find a similar res-
ult for Eastern Asia and Pacific nations, as the high-
income groups show the most significant differences,
of 18.8 t CO2 and 12.4 t CO2 in urban and rural areas,
respectively.

India shows a large difference between the high-
andmiddle-income groups living in urban areas, with
a difference of 10 t CO2 per capita between the two
groups. In the rural high-income groups of both India
and Nigeria, there is no available data, an example of
underreporting in high-income groups. We find the
largest difference between middle-income groups in
urban and rural areas in Sub-Saharan Africa, whereby
urban inhabitants have a CF of 7.1 t CO2 compared
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Figure 2. Comparison of per capita CFs of different income groups living in urban and rural areas in specific countries and their
region. A representative country from each region is shown, chosen with regards to the largest economies in each region, and the
remaining countries are grouped together in their respective region. The region Eurasia includes Eastern Europe and Central Asia,
Latin America also includes the Caribbean, MENA represents the Middle East and North Africa, SSA is Sub-Saharan Africa and
Eastern Asia also includes the Pacific nations. The colour-coded points represent the four income categories as shown in the
legend. Please note that we include all the houshold categories to calculate the average per capita carbon footprint in this figure,
some of the values are outliers with high uncertainties.

to just 3.3 t CO2 for rural inhabitants. The highest
average per capita CF in urban areas is found in
Kazakhstan, at 6.42 t CO2 compared to the highest
in rural areas, found in Belarus, at 4.9 t CO2. Belarus
is the only country in our analysis, where the aver-
age rural CF is larger than its urban counterpart, by
almost 2 t CO2.

The average values for per capita CFs in urban and
rural areas is shown by the bar graphs in figure 2. We
find that the largest average per capita CF belongs to
the Russian Federation, which was expected based on
per capita values reported by the World Bank (The
World Bank 2021). In all of the consumption groups,
the average urban per capita CF is larger than the
rural, ranging from a factor of 5 and a half in Sub-
Saharan Africa to a factor of 3 in China. Russia’s
urban per capita CF of 5.97 t CO2 is almost 14 times
that of Nigeria’s urban inhabitants 0.43 t CO2. Rus-
sia, Eastern Europe and Central Asia, China andMex-
ico all have an average urban per capita CF which is
greater than the average value of 1.93 t CO2 for all
countries in our analysis.

Only India, South Asia, Nigeria, and Sub-Saharan
Africa have average rural CFs which lie below the
0.63 t CO2 average for rural inhabitants, in these 90
countries. The highest percentage of national pop-
ulation living in rural areas is observed in Burundi,
where 87% of the national population live in rural
areas. In connectionwith this, Burundi also has one of
the largest divides between urban and rural CFs, con-
sidering that the urban per capita CF is eight and a
half times larger than its rural counterparts, at 1.19 t
CO2 and 0.14 t CO2, respectively. We find a similar
situation in Rwanda, where the average urban CF is
8.7 times higher than rural inhabitants. Burundi and

Rwanda are both classified as low-income countries
by the UN, and thusly show the greatest inequality
between urban and rural areas.

3.2. Expenditure categories contributing to the
urban–rural divide
To further analyse the divide between urban and rural
areas in developing countries, and to understand why
this difference in CFs occurs, we present a more
comprehensive review of contributing expenditure
categories. Each of the consumption groups in this
analysis had the largest share of consumption-based
emissions related to direct and indirect emissions of
electricity and transport, as can be seen in figure 3.

The diagram presents each household category,
with the size of the square representing the con-
tribution to overall household consumption-based
emissions in the developing world. The colour scale
shows the carbon intensity of expenditure for each
of the sectors within these consumption groups. The
carbon intensity of each sector corresponds to the
amount of CO2 that is emitted directly and indir-
ectly along the entire supply chain per USD PPP. The
most carbon intensive expenditure category is elec-
tricity of the urban middle-income group, at 0.3 kg
CO2/USD compared to the lowest value in the rural
high-income group at 0.17 kg CO2/USD. In contrast,
the rural high-income group has the greatest car-
bon intensity of expenditure in the transport sec-
tor at 0.2 kgs CO2/USD while the lowest carbon
intensity of expenditure is seen in the lowest income
groups in both areas at 0.09 kgs CO2/USD. The urban
middle income group has the highest carbon intens-
ity of expenditure in the fuels sector, with 0.08 kgs
CO2/USD.
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Figure 3. Contribution of nine different categories of products and services to the eight different household groups of the 90
developing countries. The highest contributor to the overall emissions is for electricity consumption, followed by transport. The
carbon intensity of expenditure is shown by the colour scale, where the most intensive sector is electricity and water.

Our study shows that the two most contributing
expenditure categories for consumption-based emis-
sions are electricity and transport, with shares of the
per capita CFs in these sectors shown in figure 4. As
income increases, the share of CF in the transport sec-
tor also increases. This is noticeable in both the urban
and rural sectors, but slightly more pronounced in
rural areas, especially in South Asia. In South Asia,
among the inhabitants of the highest income group
in rural areas, over 70% of the average per capita CF
is due to transport. The urban high-income group in
South Asia’s urban areas also has the highest share
in transport but significantly lower than their rural
counterparts, at a 46% share.

The opposite effect can be observed to the right
panel of figure 4, in the share of per capita CF in
the electricity sector, where as income increases the
share of the CF in this sector decreases. In rural areas,
the highest share of CF in the electricity sector is

seen in Eastern Europe and Central Asia, where the
lowest income group have an almost 70% share of
their CF due to electricity consumption. This could be
caused by themore polluting fuel types in use in these
regions. In conclusion, we show in figure 4 that trans-
port has a greater effect on the CF of higher income
groups, especially in rural areas, while lower income
groups contribute a higher share of their CF due to
electricity consumption, which is more pronounced
in urban areas.

We have shown thatMexico and Egypt had a huge
variation in the per capita CF of the high-income
rural population in comparison to the high-income
urban consumption group. When looking into the
specific sectors which contribute to this variation the
transport sectors in both countries had much higher
values per capita especially for motor vehicles, which
were 3.5 times higher in rural areas of Mexico and 6
times higher in rural areas of Egypt, compared to their
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Figure 4. The percentage contribution to the total per capita CF of the transport and electricity expenditure categories. As income
increases, the percentage share of CF transport also increases, in both urban and rural areas, but slightly more pronounced in
rural areas. The opposite trend can be seen in the electricity sector, where as income increases, the share of CF in the electricity
sector decreases.

urban counterparts. Other sectors which contributed
to the divide were the petroleum sector as well as oil
and gas, which were all more than double the values
in rural high-income groups compared to the urban
high-income group in both countries.

4. Discussion and conclusions

Our study reveals average per capita CFs of 90 devel-
oping countries listed by theWorld Bank, which agree
with previous literature values (Hertwich and Peters
2009,Wiedmann 2009, Aichele and Felbermayr 2012,
Chancel and Piketty 2015, Hubacek et al 2017a). This
research places a particular emphasis on the inequal-
ity of CFs within countries of the developing world,
between different economic groups living in urban
and rural areas. One of the most surprising res-
ults is that for the high-income group within coun-
tries (especially in Mexico, Egypt, and the regions
of the Middle East, North Africa and South Asia),
the per capita CF of high-income rural residents is
higher than that of the high-income urban resid-
ents. This could be the result of several factors. For
example, dwelling sizes in rural areas tend to be lar-
ger than in urban areas. Smaller dwelling size in urban
areas allows lower per capita energy consumption and
more efficient living. The electricity sector was identi-
fied in this study as one of the most carbon-intensive
sectors. Therefore, rural lifestyles can be considered
as more carbon intensive as people often choose to
live in rural areas to have more space and larger
households which leads to an increase in per capita
electricity use. In addition to the electricity sector, the
transport sector was also identified as being extremely
carbon intensive. Rural households have to travel lar-
ger distances, and this is mostly in personal vehicles

running on fossil fuels rather than using public trans-
portation. An increase in public transport alternatives
for rural residents could reduce the emissions related
to transport in rural areas.

Our study shows that the transport sector had
a greater share of the consumption-based emissions
in rural areas within the high-income consumption
group. As found by Druckman and Jackson (2016),
when studying the emissions intensity of different
income groups, more ‘necessary’ items, often with
higher carbon intensity tend to take a larger share in
lower income groups, while ‘discretionary’ items that
tend to be less carbon intensive prevailed in higher
income groups. This is also shown in this research,
whereby the lower income groups living in rural areas
have the highest share of their CF driven by the
demand for electricity, which can be looked at as a
necessity for households. Therefore, a greater invest-
ment into cleaner energy sources as well as improved
access for these communities should be prioritized,
with reference to possible energy poverty dimensions
in these areas of concern to national policy. It has been
found thatmore polluting fuel types are used in lower
income households which are often non-marketed
fuels such as crop waste and wood, whereas higher
income households can afford and access more effi-
cient and modern fuel types which are accounted for
in the data (Baltruscewicz et al 2021). This can lead
to a potential underreporting of consumption-based
carbon emissions in lower income groups and could
be a potential root cause of the higher values in high-
income groups.

Our results show that a higher carbon share is tak-
ing up by the consumption of high-income groups
in both urban and rural areas. With regard to the
global emission reductions needed to stay within
planetary boundaries, estimated at 2 tonnes of carbon
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dioxide, only the lowest and low income groups lie
within this boundary needed to tackle global warm-
ing (Bruckner et al 2022). This finding has been
explored in other research where it has been emphas-
ised that the most affluent groups of society should
be targeted in consumption-based carbon reduction
policies (Wiedmann et al 2020, Oswald et al 2021).
According to Oxfam, the richest 10% of the world
population ‘squandered’ one third of the residual
global carbon budget of 1.5C between 1990 and 2015,
compared to just 4% for the most impoverished half
of the world (Gore 2020). Therefore, a greater pro-
portion of the global carbon budget should be alloc-
ated to developing economies, to allow these nations
to progress and grow without the restraint of adher-
ing as strictly to carbonmitigation strategies. Another
option which has been researched is to increase car-
bon taxes in the richest countries, where research by
Chancel and Piketty (2015) suggested that Europe
should increase its contribution to adaptation funds
by a factor of 3 and North America by greater
than 15. It is especially important now, with coun-
tries such as the United Kingdom, who have sug-
gested large cutbacks in foreign-aid budgets due to
the coronavirus pandemic’s effect on the national
economy, that the richest nations do not slack in
their responsibilities to contribute to the just trans-
ition for developing nations (Else 2021). If any-
thing, these countries owe more to the development
of climate mitigation technologies in the poorest
nations.

The climate crisis will have the most severe con-
sequences for vulnerable communities in developing
countries, from flooding to famine, even though they
have some of the lowest per capita CFs (and thus
lowest carbon responsibility) in the world, as high-
lighted in the recently published IPCC Sixth Assess-
ment Report (The International Panel on Climate
Change (IPCC) 2022). This will be particularly evid-
ent in rural areas, which are very dependent upon
agriculture, and coastal communities in small island
developing states (Acheampong et al 2019). The cost
of carbon inequality between western and develop-
ing countries, between the richest and the poorest
populations, will be most visible and will dispropor-
tionately touch on the poorest, rural communities
(Hughes et al 2016). It is therefore, of utmost import-
ance to protect the most vulnerable communities. A
further understanding of the lifestyles of urban and
rural populations in impoverished areas is necessary
for future advancements in policy making. A fair and
just approach to implementing policies is necessary
for reducing inequality between and within countries
as shown by Wang and Zhou (2018), while studying
global carbon inequality. In the future, international
climate agreements should share the responsibility of
emissions abatement between differing countries on
the basis of varying economic stability, to encourage

and allow growth for the poorest nations (Hertwich
and Peters 2009).

The duty of the richest nations to support emer-
ging economies in their development is an extremely
important point to discuss in the topic of carbon
inequality, also considered by the United Nations
in the sustainable development goal (SDG) on cli-
mate mitigation. The SDG on climate change also
includes the role that should be employed by richer
nations to reconcile with the developing world in the
fight against climate change (Bolea et al 2020). It
will become increasingly important for richer nations
to support emerging economies in their economic
growth. This is discussed by Deloitte (2015), in rela-
tion to Australia and countries responsibility to assist
in reducing emissions, through technology deploy-
ment in poorer countries aimed at decreasing carbon
intensity. This can be achieved through investments
into more renewable energy technologies, since it has
been shown in this study that the electricity sector
contributes the most to the household consumption-
based CFs in developing countries. The richest coun-
tries could offset some of the increased emissions
associated with economic growth in emerging eco-
nomies of the developing world, through deployment
of wind and solar farms and providing technological
solutions to reduce carbon emissions. It will be espe-
cially important in the case of rural areas for the pur-
poses of rural revitalization, to invest in renewable
energy technologies and increase access to low carbon
electricity.

The key point to take away from this study is that
although there is carbon inequality between coun-
tries, and especially between different countries of
economic development status, there are also divisions
within countries. These divisions, such as between
urban and rural areas, should be included when poli-
cymakers are considering targeted actions to reduce
global warming activities in national policies. As these
nations develop economically, the negative impact of
living in urban areas on the per capita CF should be
further examined, especially whenmore people move
to cities for more opportunities (Lall 2006). We look
into several economic sectors and their individual
impact on the average CF of each income group, con-
sidering the urban–rural divide, but a more in-depth
analysis of these sectors, keeping these findings in
mind, would help to contribute to considerably more
knowledge on how the consumption patterns and
habits of the most carbon-intensive income groups
can be mitigated through targeted national policy
actions. Internationally, we should not neglect less
affluent countries in furthering scientific knowledge
on the topic of climate change and consumption-
based emissions, especially with a still growing global
population and the right of these countries to develop
economically while also mitigating the destructive
effects of the climate crisis.
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