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Abstract
International efforts to avoid dangerous climate change have historically focused on reducing energy-
related CO2 emissions from countries with either the largest economies (e.g., the EU and the U.S.) and/or
the largest populations (e.g., China and India). However, in recent years, emissions have surged among a
different, much less-examined group of countries, raising concerns that a next generation of high-emitting
economies will obviate current mitigation targets. Compounding the limited analyses of these emerging
emitters, the long-term effects of the COVID-19 pandemic on economic activity and energy systems
remain unclear. Here, we analyze the trends and drivers of emissions in each of the 59 countries where
emissions 2010-2018 grew faster than the global average (excluding China and India), and then project
their emissions under a range of pandemic recovery and longer-term energy scenarios. Although future
emissions diverge considerably depending on responses to COVID and subsequent pathways, we �nd
that emissions from these countries combined nonetheless reach 5.4 to 6.6 Gt CO2 by 2040 in all our
scenarios—substantially in excess of emissions from these regions in published scenarios that
successfully limit global warming to 2°C. Our results highlight the critical importance of ramping up
mitigation efforts in countries that to this point have been largely ignored. Given the accompanying
challenge of economic development and poverty reduction, this will require support from historically high-
emitting countries to decelerate emissions growth, including through considerable economic support and
appropriate transfer of technologies that are required for transition to low carbon growth.

Main Text
Fossil fuel carbon dioxide (CO2)  emissions are the main cause of global warming. From around the
1990s, analyses of fossil emissions and Integrated Assessment Models (IAMs) have focused on a
handful of industrialized economies where emissions have been high (US, EU) along with rapidly-
industrializing countries such as China and India1–4. To the extent that other countries have been
included, they are typically aggregated into large and undifferentiated groups, such as “other developing
countries”5 or “Rest Of World (ROW).” Yet since 2010 most of the growth in global emissions has been
among these “ROW” countries. For example, all of the 59 countries whose annual emissions grew faster
than the global nations’ average 2010-2018 (hereinafter “emerging emitters”) were developing economies,
including many low-income countries6,7. Although none of these emerging emitters are individually large
sources of emissions today, their combined emissions are greater than any single country except China
and the U.S., and amount to 65% more than India’s annual emissions in 2018 (the world’s third largest
emitter). Thus, the success of international mitigation efforts may depend on these emerging emitters—
speci�cally whether their goals of economic growth and human development are achieved using fossil
energy.

In addition to the normal (i.e. large) uncertainties of socioeconomic and energy system trajectories, the
SARS‐CoV‐2 (COVID) pandemic has dramatically affected human activities throughout the world,
including economic activity, energy consumption and CO2 emissions8–10. For example, global CO2
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emissions declined by nearly 5.8% in 2020 relative to that in 201911. Yet there have been substantial
differences among countries, including developing economies. For example, between January and
October of 2020 per-thousand-people con�rmed COVID cases and deaths in Peru were 27.3 and 1.04,
respectively, while per capita cases over the same period in Vietnam were just 0.012112. Future impacts
of the disease and public health responses are unclear: vaccines are beginning to be distributed in some
wealthy countries, but outbreaks and related economic impacts may yet persist for years among poorer
countries13, in turn affecting longer-term patterns of energy use and emissions there. It may therefore be
particularly important in the context of low income countries, to understand the current public health
situation and the policy, behavioral, and emissions responses during the pandemic period, i.e., 2020-2024.

Here, therefore, we systematically assess recent trends of emissions and their drivers among the 59
emerging emitters (de�ned as countries whose annual emissions 2010-2018 grew faster than (or
similarly to) the average of all nations’ 2%, but excluding China and India), and then project future
emissions from these countries under scenarios that span a range of near-term COVID impacts as well as
longer-term socioeconomic and energy system trajectories. We separate the 59 countries from regional
aggregations in major Intergrated Assessment Models (IAM) and update the Shared Socioeconomic
Pathways (SSPs) based on recent emission pattern changes, in order to construct a country-speci�c
future energy and emission dataset. Full descriptions of the datasets are available in Supplymentary
Information. Details of our analytical approach are provided in the Methods. In summary, we �rst use
index decomposition to analyze fossil fuel CO2 emissions data from the International Energy Agency
(IEA) and characterize the drivers of each country’s emissions. We then develop country-speci�c
emissions scenarios using a Disaster Footprint Accounting Model14 based on the Adaptive Regional
Input-Output (ARIO) Analysis10,15 (to capture changes in the pattern of countries’ emissions due to COVID
impacts on economic activities) for the period of 2020-2024. We then disaggregate each of the 59
countries from regional groupings of major IAMs and update the Shared Socioeconomic Pathways
(SSPs) based on trends and drivers of these countries’ recent emissions, to construct country-speci�c
projections of their energy systems and emissions for the period 2025-2040. Full descriptions and details
of these projections are available in Supplementary Information. Finally, we compare the limits of carbon
space set by international climate targets with the magnitude of emissions from those emerging emitters
and discuss the roles of other countries in cooperative emission mitigation.  

Emerging emitters

Figure 1 compares the percent changes 2010-2018 in annual CO2 emissions and GDP (Gross Domestic
Production) among the 59 emerging emitters (listed in Supplementary Data 1). The average annual
growth rate of emissions of the 59 countries 2010-2018 was 6.2%—much higher than the 2.0% average of
all nations worldwide, and also higher than the 4.6% annual growth rate of these same countries’ GDP,
re�ecting rising carbonization of their economies. Located in Asia, Africa, and Latin America, individually
these countries emitted between 0.7 and 542.9 Mt (million tons) CO2 in 2018 (bounded by Eritrea and
Indonesia, respectively; Fig. 1). However, together the countries’ emissions grew by 40.7% over the period,
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from 2.7 Gt (gigatons) to 3.8 Gt CO2. In comparison, emissions in China, the U.S., and India were 9.6, 4.9,
and 2.3 Gt CO2 in 2018. Moreover, the 1.1 Gt increase in emissions accounts for 38.9% of the global
increase in emissions over the period.

The emerging emitters include countries in development categories ranging from the least developed
country (LDC) to economy in transition (EIT)7, but in most cases with levels of GDP per capita
substantially less than the global average (53 countries with per capita GDP less than 11,000 in constant
2010 USD). 698 million people in these countries lived in absolute poverty (e.g. < 1.9 US$ per day in
purchasing power parity value)  in 2017, which accounts for 9.3% of global population16. Among the 59
countries, emissions grew faster than GDP in 34 (58%), and twice as fast as GDP in 12 of these (20%; Fig.
1). In 25 others (42%), economic growth outstripped emissions growth, corresponding to decreasing
carbon intensity of those economies.

Drivers of recent emissions surge

Figure 2 shows the drivers of changes in emissions 2010-2018 for 20 emerging emitters in Africa, Latin
America and Asia. Analogous plots for the other 39 countries are shown in Supplementary Section 2.2
(Figure S5-S8). In each case, we plot the 2 most in�uential drivers spurring emissions growth as well as
emissions reductions. Across all 59 emerging emitters, population growth (red) is most important in 29%
of the countries including Uganda (Fig. 2a) and Lebanon (Fig. 2d), though increases in GDP per capita
(lavender) are the foremost driver of emissions increases in 44% including Ethiopia, Colombia and
Vietnam (Figs. 2e, 2f and 2g). Following closely behind these socioeconomic factors are increases in use
of a particular fossil fuel; increases in either oil (orange) or coal (light orange) are the most in�uential
factor of emissions increases in 14% of the 59 countries, including Sudan, Haiti, Myanmar, Guatemala
and Kyrgyzstan (Figs. 2i, 2j, 2k, 2b4, and 2n, respectively; for emissions by fuel type, see Fig. S3). Energy
intensity (turquoise) increases drove 12% of the countries’ emissions growth as the top-two drivers,
including Algeria and Laos (Figs. 2m and 2o). Less commonly, increases in share of industrial value
added in GDP (dark blue) are the second-most important driver of emission increases (in 7% of the 59
countries) in Ethiopia (Fig. 2e), Haiti (Fig. 2j), etc. A rise in CO2 emissions intensity of energy use
contributed most to 5% of the countries’ emissions growth, including Nicaragua, Botswana and Nepal
(Figs. 2q, 2r, and 2s, respectively). In comparison, a decline in energy intensity is the most in�uential driver
of emissions reduction in a third (32%) of the countries including Uganda, Mongolia, Ethiopia, and United
Arab Emirates), followed by drops in CO2 emissions intensity of energy use (in 20% of the countries
including Peru, Sudan and Haiti), a smaller share of industrial value added especially in Latin American
and Other Asian countries in 15% (Fig.2f, 2n, 2h, and 2t), and declining share of oil use (in 15% of the
countries, including Botswana and Nepal). We describe the drivers of case countries’ emissions in greater
detail in Supplementary Section 2.3 and Fig. S9-14.

Projections of future emissions
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In general, the 59 emerging emitters prioritize economic development to increase incomes and reduce
poverty. In turn, GDP per capita is routinely a key driver of emissions increases (Fig. 2). Without offsetting
decreases in the carbon intensity of these countries’ economies, such development will continue to spur
growth of emissions in the future. The economic disruption of the COVID pandemic and recovery will
strongly affect economic growth and energy use over the next several years, with longer-term trajectories
determined by development and energy pathways. Figure 3 shows projected emissions for selected
emerging emitters, as well as the sum of all emerging emitters (Fig. 3a; supporting data for all emerging
emitters are included as Supplementary Section 3.2 and 3.3). In each case, these projections include: a
“baseline” scenario (pale blue curves) that represents a counterfactual world in which the COVID
pandemic had not occurred and countries developed according to their current policy ambitions thereafter
(i.e. following the SSP2 “middle of the road” pathway17); a “default lockdown” scenario (dashed red
curves, 2020-2024) that assumes two COVID-related lockdowns with more targeted restrictions in the
second (see Methods for further description including of other “mild” and “severe” COVID scenarios not
shown in Fig. 3 but included in Fig. 4; see also Supplementary Section 2.3); a “weak policy” scenario (dark
red curves) in which post-2024 emissions re�ect current policy ambitions (SSP2) but re�ect a lower
starting point due to COVID. Fossil fuel based electricity generation and transportations are the largest
emission sectors for the emerging emitting countries. In 2018 they accounted for 64.2% of total emission
in Vietnam and 52.5% of Ethiopia (see Supplementary Fig. S4). We design a low-carbon scenario (“LC”,
dashed orange curves) that assumes new electricity-generating capacity installed after 2025 will
increasingly be non-emitting and new vehicles after 2030 will increasingly be electric; and an extreme low-
carbon scenario (“Extreme LC”, dashed green curves) that assumes all new electricity-generating capacity
installed after 2025 will be non-emitting and all new vehicles after 2030 will be electric (for complete
scenario settings, see Supplementary section 1.1, 1.2 and Fig. S1). These ambious low carbon scenarios
sketch the best decarbonization effort can be made by emerging emitters (see Supplementary Fig. S2).

Although the modeled effects of COVID may be substantial, our scenarios suggest emissions from
emerging emitters will increase in the coming decades, and in all cases the combined total exceeds 5 Gt
CO2 per year by 2040 (Fig. 3a). The combined annual emissions of the countries are between 5.4 and 6.6
Gt CO2 in 2040 (Fig.3a), bounded by the extreme low-carbon scenario at the lower end and weak policy
scenario at the upper end. Where low-carbon technologies are phased in gradually after 2025 (LC
scenario), the combined emissions of these countries are reduced by 698 Mt CO2 (-10.6%) relative to the
6.6 Gt CO2 in the weak policy scenario (Fig.3a). In the extreme low-carbon scenario, the reduction in
emissions is 1.1 Gt (17.2%) relative to the weak policy scenario (Fig.3a). But even under this highly
ambitious scenario, emissions continue to grow in 2040, calling into doubt that there are pathways for
these countries to develop as also “climate friendly.”

However, despite the increase in their combined emissions, there are important country-level differences
in the emerging emitters’ trajectories after the COVID shock. For example, in countries such as Peru and
Vietnam, emissions continue to grow after ~2023 but slows markedly after 2030 in the low-carbon
scenarios (Figs. 3b and 3c). By contrast, in countries like Myanmar, emissions grow steadily through
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2040 regardless of scenario (Fig. 3d), and in others (Ethiopia and Uganda) emissions accelerate (Figs. 3e
and 3f). These increases occur despite progressive decarbonization of transport and electricity, driven
instead by increases in emissions from industry, and fuel consumption by the residential and commercial
sectors. Across countries, emissions reductions under the extreme low-carbon scenario are 15%-23%
relative to the baseline, mainly re�ecting the share of current emissions that is from coal-�red electricity
and transportation.

From 2020 to 2040, we project cumulative CO2 emissions from the 59 emerging emitters will exceed 100
Gt (see Fig. S16 for comparison between our projections and those for SS1-SSP5 produced by different
IAMs), except in the most severe COVID scenario followed by the extreme low-carbon pathway (see
Fig.4a). Between 2020 and 2024, lockdowns and gradual recovery in the default COVID scenario reduce
cumulative emissions from the emerging emitters by 0.9 Gt CO2 compared to the 16.2 Gt emitted in the
baseline no-COVID scenario. In comparison, the extreme low-carbon scenario results in an almost tenfold
greater reduction in cumulative emissions among these countries 2024-2040, 8.5 Gt. Yet even under this
most ambitious decarbonization, the magnitude of emissions we project from these emerging emitters
will strain the limits of the remaining budget of emissions that would avoid 1.5℃ warming18, leaving
very limited carbon space for other countries (Fig. S15). Fast carbonization of the 59 emerging emitters
would require signi�cant space by 2040 and leaves small room for other countries if we aim at achiving
any climate target set in international agreements. This implies today’s largest emitters would have to
achieve net-zero CO2 emissions by 204019. If the emerging emitters continue growing at the speed under
the weak-policy scenario (+2.4% per year), achieving the global target of 1.5℃, will require the rest of the
world to reduce their emissions at an annual rate of 14.1% over 2020-2040 (8.2% per year for limiting
warming below 2℃, see Fig. 4b). Even if the emerging emitters are able to follow the Extreme LC pathway
as we assumed (+1.2% per year) and global warming were to be limited below 1.5℃, the rest of the world
will have to reduce emissions by 13% per year over 2020-2040 (7.6% per year for 2℃ limit).

Discussions And Conclusions
The developing countries we identify as emerging emitters account for a tiny share of cumulative fossil
fuel CO2 emitted since the industrial revolution. Each of those countries still accounts for less than half
percent of the world emission total. However, together, they have dominated the growth of such
emissions over the past decade, and will in�uence the ultimate total. The COVID pandemic has had a
major impact on economic development in many of these countries, and as many as 100 million people
worldwide may be pushed into extreme poverty as a result20. Economic recovery and related investments
in energy infrastructure are likely to set the carbon intensity of these countries for decades to come21.
Indeed, our results suggest that COVID-related emissions reductions will be �eeting, and that the longer-
term trajectories of emissions will depend upon climate and energy policies as these countries’
economies resume growing. Yet sustained economic growth, crucial for poverty reduction, as well as
projected increases in population will continue to drive growth in CO2 emissions in these countries, even
assuming rapid uptake of low-carbon energy technologies for electricity generation and transportation.



Page 7/18

Robust future country-speci�c socioeconomic and emission pathway projections should be implemented,
rather than the usual aggregation to the ‘ROW’ in most scienti�c research and climate talks.

Further reductions in these countries future emissions will thus require efforts beyond the electricity and
transportation sectors, including changes in their economic structure, industrial production technologies,
and broader energy sectors. For example, in countries where industry drives most of the growth in
emissions, efforts might target less emissions-intensive economic activities, and in countries where
energy consumption is a major driver, energy e�ciency and lowering emission intensity will be key. It
should be noted, though, that the low-carbon scenarios we designed are not likely to be achieved in these
countries without substantial further decreases in the costs of electric vehicles and renewable electricity.
In turn, these scenarios probably imply considerable economic support and technology transfer from
higher-income countries, even as those more a�uent countries and other major developing countries
(e.g., the BRICS) must peak their emissions in the near future and drastically reduce their own emissions
thereafter to meet international climate goals. As such, emphasis on supporting trade policies which
liberalize trade in these environmentally-friendly goods will be critical. Indeed, emissions from emerging
emitters—which we project will still be rising in 2040—may need to be entirely offset by negative
emissions to limit the increase in global temperature to well below 2°C. Climate change is a typical public
goods. More advanced countries should assist emerging emitting countries by sharing energy-saving
technologies and knowledge about renewable energy. As the “world factory” could most likely remain in
less-developed countries, the demand from consumers in the developed world inevitably drives the global
emission surge. From this perspective, a low-carbon lifestyle all over the world bene�ts global emission
reduction.

Methods
Emission drivers: index decomposition analysis.

We divide the emissions growth (C) over 2010 to 2018 into contributions of six drivers: CP from
population (P) growth; CG from economic growth measured by GDP (G) per capita; CIS from industrial
structure (IS), as the share of GDP of primary industry, secondary industry, and tertiary industry; CEI from
energy intensity (EI) that is energy consumption (E) per unit of GDP; CES from energy structure (ES), as the
share of consumption of energy types including coal, oil, natural gas, and other types; and CCI from CO2

emissions intensity (CI) that is emissions per unit of energy consumption, as follows:



Page 8/18

Emission scenario settings for over 2020-2024 and 2024-2040.

COVID lockdown assumptions over 2020-2024. We set three scenarios of lockdown from the dimensions
of number of lockdowns, durations (number of weeks that lockdown measures are in place) and
strictness, i.e. the percentage by which labour availability and transportation capacity are reduced relative
to pre-pandemic levels. The period of 2020 – 2024 includes lockdown periods (e.g. 2020 – 2022) and
economic recovery afterwards (2023-2024). Full descriptions of all scenarios and related assumptions
are available at Supplementary Information section 1.1.3.

In summary, 1) the baseline scenario, where there is no COVID and countries develop under the present
policy ambitions; 2) the default COVID scenario is designed on the basis of the literature and Google
Mobility data (for all countries’ 1st lockdown in 2020), and three additional lockdowns over 2020-202213

but with easing off duration and strictness each time as we consider the learning effects and potential
herd immunity, i.e. countries might achieve the same control effects of the pandemic with weaker
strictness in future lockdowns (for details, see Supplementary section 1.1.3); 3) the mildest COVID
lockdown scenario, where there is twice of lockdown over 2020-2022, with strictness of 2nd lockdown
cutting off by 60%; 4) the severe COVID lockdown scenario, where there is eight lockdowns over 2020-
2022 with slow easing off duration and strictness each time due to the learning effects (see Table S1 for
speci�c settings of different scenarios).

Post-COVID scenarios over 2024-2040. After 2024 with every assumption of COVID impact, supposing the
COVID is defeated and countries return to the normal development. In post-COVID era, after 2024, we
evaluate three carbon pathways for each country. The Baseline scenario assumes no COVID-19 during
2020-2024 and further grow in line with SSP2 trend. The Weak Policy scenario set describes emissions
growth of the post-COVID era in line with SSP2 development trend after default COVID lockdown. We also
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provide scenarios to illustrate emission consequences of the mild and the severe COVID lockdown impact
by different development pathways, data shown in Supplementary Section 3.2 and 3.3. Considering the
impact of COVID, this work updates the emission projections under the SSP2 scenario of the emerging
emitters (for details and comparisons with SSP downscaled results, see Supplementary Section  2.4).

The two scenario sets of Low-Carbon represent levels of deployment of a highly ambitious low-carbon
technologies scenario. Speci�cally, the LC assumes that the new electricity demand after 2025 is linearly
covered by renewable energy sources or fossil fuel with carbon capture and storage (CCS; depending on
whether the country’s power sector is currently thermal-dominated, see Supplementary Section 1.2.2) and
new vehicles after 2030 are linearly covered by electric vehicles. While the most optimistical scenario, the
extreme LC, assumes all newly increased electricity demand after 2025 is met, right away, either by
renewable energy sources or fossil fuel with CCS feature and all new vehicles after 2030 are battery
electric.

Emissions accounting over 2020-2040

Considering the COVID-19 lockdown impact on CO2 emissions over 2020-2024. COVID-19 has caused

economic setbacks across the world and will possibly last until 2024 24. In this work, we set the COVID
period as 2020-2024, and modeled the economic activities and emissions over 2019-2024 (2019 is the
pre-event reference year). The developed Disaster Footprint Model 10,14 based on the Adaptive Regional
Input-Output (ARIO)15 analysis (for details, see Supplementary section 1.1) is used to analyze the
disaster-induced in�uence on regional economy by incorporating the production capacity constraints
resulting from capital loss and changes of consumption behavior within pre- and post-disaster periods,
as well as possibilities of over-production 3,4. Here, we extended the model to a multiregional economic
impact model, which has the ability to simulate the sectoral output of countries under different lockdown
scenarios and its the propagation of the shocks across multiple regions. After calibrating the model with
the latest GTAP database version 10 7, we assess the dynamic impact of COVID-19 control measures on
the global economy throughout production supply chains by considering available production
imbalances and consumer behavior changes 8.

Full method of the Disaster Footprint model is systematically presented in our early contributions14,25.
The key equations and method descriptions are available at Supplementary section 1.1.1. In summary,
our model is consisting of two types of agents, i.e., producers and households. In an economy, each
sector can be regarded as a producer, in which labour and capital are the two main primary inputs for
producing products. Meanwhile, economic sectors are also consumers that require intermediate products
from other sectors. In pre-COVID, economic total output should satisfy intermediate demands and �nal
demands from consumers. However, such economic balances are broken by the pandemic and further
crush the supply chains. From the view of producer, restriction of labour input caused by COVID control
measures (due to order of social distancing and closure of business) will decrease the production
capacity and outputs. The reduction of any economic output will trigger cascading effects on the rest of
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the economy10. This makes labour constraints a key factor to consider in disaster impact analysis. We
acknowledge that COVID containment measures have different effects on labor supply in different
sectors. We set a speci�c impact to labor multipliers for each sector on the basis of three factors:
exposure level of the sector’s work, whether it is an essential sector, and whether it is possible to work at
home. The proportion of surviving productive capacity from the constrained labour productive capacity
can be estimated. The shortage of intermediate products will further affect the production capacity of
downstream sectors and reduce their outputs due to supply chain forward effect. From the view of
demand, business activities can be reduced when containment measures are in place, but consumption
activities can be temporarily kept due to stock or via alternative suppliers. We build in both business stock
and inventories and supply chain ‘substitution effect’ into our model to better re�ect interregional and
inter-sectoral dynamics of during economic recovery process.

The Disaster Footprint model stimulates weekly-step economic outputs for all sectors and countries, we
estimate the emissions of countries based on their sectoral emission intensities and economic outputs
under baseline scenario (no-COVID). In this work, we assume sectoral intensity has kept unchanged at
2019 level for the period of 2020-2024 as the production e�ciency, technology level, and economic
structures are unlikely to change signi�cantly during pandemic (see full description in Supplementary
Information section 1.1.1). The emissions data over 2020-2024 are calibriated to match historial trends.
Procedures of data calibration and updates are provided in Supplementary section 1.1.2. We present all
produced emission data 2020-2025 in Supplementary Data 2.

Country-level CO2 emissions trend for three scenarios in 2025-2040. We selected the SSP2 scenario

(middle of the road, which can be seen as the business as usual trend) developed by IIASA’s MESSAGE17 
 and GAINS model26–28 to provide CO2 emissions and energy mix projections for the 59 emerging
emitters for our ‘baseline (continues from no-COVID impact)’ and ‘weak policy’ scenarios (with COVID
impact). However, the GAINS model only covers major countries and regions, while more than half of
emerging emitters studied here are aggregated into ‘Other Regions’ or ‘Rest of World’. Among 59 emerging
emitters, there are 24 countries’ SSPs are available in GAINS database. For 35 out of 59 countries that
future socioeconomic development trajectories are not available, thus, the downscaling and appropriate
calibration approaches are used to project country-level emissions, according to the region-level
emissions (see Supplementary section 1.2.1). We present all produced emission data 2025-2040 in
Supplementary Data 3. We also provide full comparions between our calibrated data and direct
downscaling data from SSPs produced by different IAMs (see Supplementary section 2.4, Fig. S16).

The LCT and eLCT scenarios are modi�ed based on the emissions resulted from ‘weak-policy’ scenario.
We simulate the application of CCS, renewable power generation and electric vehicle by considering the
emission reduction rate of the low-carbon technologies. In the LCT scenario, the low-carbon technologies
are assumed to be applied since 2025 (linearly increasing the application, and fully applied in 2040),
including carbon capture and storage (CCS), renewable energy for the production of newly-demanded
electricity (the differences are given in Post-COVID scenarios over 2024-2040.), and electric vehicles
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replacing the newly-increased oil fueled automobiles since 2030 (linearly increasing from 0 to 100% in
2040; the additional electricity demand are provided with LCTs in electricity sector). The low-carbon
technologies are modeled by applying the total emission reduction rate of the low-carbon technologies to
the corresponding sector’s emissions, assuming other sectors’ emissions remain as the baseline scenario.
The total emission reduction rates of the CCS, renewable energy for power generation, and electric vehicle
are set as 88%29, 80%30,31 and 100%32 according to literature, respectively.

Data sources

Historical data 2010-2018. CO2 emissions from fuel combustions and energy consumption data over

2010-2018 are from the International Energy Agency (IEA)6,33, covering data of over 140 countries by
energy type and economic sector. The population and the GDP data, and the industrial structure data, i.e.
the percentage of agriculture, forestry, and �shing, industry and services in value added are from the
World Bank34.

Data for modelling emissions in COVID-19 period 2020-2024. The global multi-regional input-output
(MRIO) table used in the model is compiled based on the latest GTAP database (version 10)35. GTAP
database presents values of intermediate products transaction between 65 sectors, the output of each
sector, and �nal consumption of commodities in 141 countries/regions. It also provides global bilateral
trade links among the sectors and countries/regions. The historical emissions are collected from the IEA6.
The emission intensities are calculated based on the emissions from the GAINS (Greenhouse Gas - Air
Pollution Interactions and Synergies) model of IIASA26,36 and World Energy Model 2019 of IEA37.

Data for post-COVID period 2025-2040. The no-COVID assumption data including sectoral value added,
and the sectoral post-COVID energy mix data and CO2 emissions data are from the “No Policies Scenario”

(NPS) projections of GAINS model from IIASA26. The CO2 emissions data, the population data, and the

GDP data under SSPs are from the SSP Database (version 2.0)38–43.

Data for global warming of 1.5℃ and 2℃. The CO2 emissions data of countries under the 1.5℃ and
2℃ global warming scenarios are compiled from the Integrated Assessment Modeling Consortium
(IAMC) 1.5℃ Scenario44. The used data include the CO2 emissions of the world under 1.5℃ and 2℃
scenarios. For the emissions of the 59 emerging emitters, we use the emissions under the weak policy
scenario. The emissions of the rest of the world are de�ned as the emissions of the world minus that of
the 59 emerging emitters.
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Figure 1

Relative increase of CO2 emissions and GDP in 2018 over 2010. Relative increase of GDP and CO2 of the
59 countries (due to lack of data, data presented for South Sudan are based on 2012-2015, Eritrea on
2010-2011, and DR Congo on 2010-2017, respectively) with fast-growing emissions in 2018 over levels of
2010 are shown in the panel (a). Each bubble represents a country, plotted by GDP increase in 2018
relative to the level of 2010 on the horizontal and relative CO2 emission increase on the vertical. The
bubbles of countries with a less-than-100% emission increase (within the black dashed box) in the lower
left part are zoomed in on the right panel (b). The two grey lines with slopes of 1 (lower) and 2 (upper)
mean the CO2 emission growth rate is the same as or twice the rate of the GDP growth. Countries plotted
above the 1:1 line are carbonizing. The size of the bubbles represents the amount of CO2 emissions in
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2018. The colors represent the per capita GDP of the countries, red for the lower and blue for the higher,
with the same color shown in the map (c).

Figure 2

Case countries with surging emissions and their drivers, emissions in Mt. The waterfalls show the drivers
of emission growth over 2010-2018, including drivers increasing consumption (population, GDP per
capita), drivers affecting economic structure (industrial structure, i.e. share of the value added of primary,
secondary, and tertiary industry, and the energy intensity of GDP), and drivers affecting carbon intensity
(energy structure, i.e. share of consumption of coal, oil, natural gas and other fuel, and CO2 emission
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intensity of energy). Each country has their two main drivers and two main inhibitors shown, and the
emission increased from the level of 2010 to that of 2018.

Figure 3

Recent and projected emissions of selected countries and aggregated emerging emitters combined.
Among those countries whose emissions have been growing most rapidly, COVID-related impacts may
cause substantial decreases in emissions (red). However, these decreases are temporary and across a
range of scenarios have relatively little effect on emissions after 2024, when emissions continue to rise.
After 2024, the dashed lines in dark red, orange, and green show the trajectory of emissions after the
default lockdown of COVID-19, while the purple solid line shows that without COVID impact.
Comparatively larger differences in projected cumulative emissions are related to whether countries
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adopt low-carbon technologies (orange), extreme low-carbon technologies (green) or proceed with weak
climate policies (dark red).

Figure 4

Comparisons of emerging emitter scenarios. a, Cumulative CO2 emissions from emerging emitters 2020-
2040 (contours) depend upon both projected COVID recovery (2020-2024, dashed horizontal lines) and
post-COVID climate mitigation efforts (2025-2040, dashed vertical lines). The points of the intersections
show the combination of COVID scenarios and post-COVID scenarios, and the contours help to identify
the cumulative emissions. b, Annual changes in emissions from emerging emitters have important
implications for the rate of emissions reductions required in the rest of the world to limit global warming
below 1.5℃ or 2℃. The purple line shows the combinations of the annual changes of emissions of the
two types of countries to reach the 1.5 ℃ target, and the shadow shows the 5-95 percentile range for
that. The red line and shadow represents the same for the 2℃ target. Dark red, orange, and green vertical
dashed lines represent the annual growth rate of the emerging emitters under the scenarios of weak
policy, low carbon, and extreme low carbon, respectively.
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