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ABSTRACT 

Recently, there has been a surge of interest in policies that target climate change. This paper begins by 

discussing why policymakers, and central banks in particular, should be concerned about climate change, and 

goes on to argue why carbon pricing is an appropriate political instrument to reduce greenhouse gas (GHG) 

emissions. The paper details two categories of carbon pricing, namely carbon taxation and the introduction of 

Emission Trading Systems (ETSs), illustrating why a carbon tax is the more efficient instrument. Popular 

models for optimal carbon taxation and implications of carbon taxation are discussed. The paper concludes 

with recommendations to policymakers, which include advocacy of differentiated rather than uniform carbon 

taxation, phased-in carbon taxation instead of a blanket approach, introduction of the carbon border 

adjustment mechanism (CBAM), and Green Quantitative Easing (QE). 

 

Keywords: carbon taxation, climate change, green QE 

JEL: Q54, Q58, H23, E51, E62 
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1 Introduction 

Climate change is an urgent global problem. Under the current climate policies, standard climate 

change models predict an increase of 3 degrees Celsius in global temperatures over pre-industrial 

levels by the end of this century3. If mitigation policies are not implemented, the consequences of 

climate change, including an increased number of floods, storms, and droughts, will pose a serious 

risk to life and property4.  Due to this potential threat, all policymakers should be concerned about 

climate change. In the case of central banks, changing climate may affect their ability to achieve 

the main goal of monetary policy: price stability.  

First, climate change could diminish the conventional monetary policy space, i.e., the distance 

between the natural rate of interest r* (the rate consistent with stable inflation and potential 

growth) and the effective lower bound, as climate change could affect r*. For example, higher 

temperatures may impair labour productivity or increase rates of morbidity and mortality5. In turn, 

these outcomes could reallocate productive resources into adaptation measures, as, in response to 

higher uncertainty and increased risk aversion, individuals would have a heightened propensity to 

save (for precautionary motives) and a lower incentive to invest, two factors that can reduce r*. 

These impacts, however, are uncertain and there are many channels at play.  

Second, the consequences of climate change, such as floods, could generate massive losses from 

materializing physical risks or stranded assets6. For instance, Cantelmo et al. (2022) shows that 

Hurricane Keith, which hit Belize in October 2000, and Hurricane Iris, which hit the same country 

in October 2001, each caused damage valued at 30% of the country’s GDP, and GDP growth in 

2001 and 2002 was 8 percentage points lower than in the pre-shock year (Graph 1). To put these 

data in perspective, during the 1970s oil crisis—often regarded as the prototypical large exogenous 

shock in macroeconomics—the U.S. GDP growth in 1974 and 1975 was about 6 percent lower than 

in 1973. This illustrates that natural disasters can cause shocks whose impact is comparable to 

that of major macroeconomic shock. 

According to Bella et al. (2022), a global reduction in GHG emissions, especially carbon dioxide 

(CO2), is key to fighting climate change. In the Paris Agreement, signed in 2015, the international 

community agreed to limit global warming to a maximum of 2 oC compared to pre-industrial 

levels, with the ambition to stay within 1.5 oC to avert the worst effects of climate change7. To 

 

3 IPCC, 2014  
4 Cantelmo et al., 2022 
5 Schnabel, 2021 
6 Schnabel, 2021 
7 Schleussner et al., 2016 

https://www.imf.org/en/Publications/WP/Issues/2022/04/01/Monetary-Policy-in-Disaster-Prone-Developing-Countries-515685
https://www.imf.org/en/Publications/WP/Issues/2022/07/18/Natural-Gas-in-Europe-The-Potential-Impact-of-Disruptions-to-Supply-520934
https://www.globalchange.gov/browse/reports/ipcc-climate-change-2014-synthesis-report
https://www.imf.org/en/Publications/WP/Issues/2022/04/01/Monetary-Policy-in-Disaster-Prone-Developing-Countries-515685
https://www.imf.org/Publications/fandd/issues/2021/09/isabel-schnabel-ECB-climate-change
https://www.imf.org/Publications/fandd/issues/2021/09/isabel-schnabel-ECB-climate-change
https://esd.copernicus.org/articles/7/327/2016/esd-7-327-2016.pdf
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achieve this goal, CO2 emissions must be reduced by approximately 45% from their 2010 level by 

2030, and eventually reach net-zero emission by 20508.  

 

Graph 1. 

Change in Annual GDP Growth Rate in the Aftermath of a Large Macroeconomic Shock

 

Note: The change in GDP growth in Belize during the climate disaster period 2001-2002, and the change in 

GDP growth in America during oil crisis period 1974-1975. These were the disaster-years that inflicted 
damage of at least 1 percent of the country’s GDP. The raw data are taken from the World Bank, and the 
worldwide countries’ selection is from Cantelmo et al. (2022)’s research. 

 

According to the Climate Action Tracker (2021), many countries submitted bolder pledges ahead of 

the COP26 in November 2021. A signature example is that of President Joseph Biden, who, in April 

2021, announced that the US will aim to cut emissions by 50% by 2030, doubling former President 

Barack Obama’s commitment. Hence, if the more than 100 countries that have set or are setting 

net-zero targets were to follow through, global warming should be limited to 1.8 oC9. However, this 

scenario seems unlikely, as most of these countries are already behind their targets. Thus, it is 

likely that the world’s average temperature will be at least 2.1 oC above the pre-industrial levels by 

2100 (Chart 1). 

 

8 Guterres, 2020 
9 Meinshausen et al., 2022 

https://www.imf.org/en/Publications/WP/Issues/2022/04/01/Monetary-Policy-in-Disaster-Prone-Developing-Countries-515685
https://climateactiontracker.org/publications/global-update-september-2021/
https://www.nature.com/articles/s41586-022-04553-z
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Chart 1 

Current policies, pledges and targets are projections. 

 

Note: In each scenario, the temperature shown is the most likely of a range of possible outcomes. Pledges 

and targets include submitted and binding commitments for 2030 and beyond. 

Source: As published by Climate Action Tracker (2021) 

 

 

To control and subsequently reduce carbon emissions, many countries have developed policy and 

regulation instruments, such as an Emission Trading System (ETS) and a carbon tax10. Either of 

these measures would lead to higher carbon prices. Through higher prices of carbon-intensive 

products and services, consumer preferences would be forced to shift to climate-friendly products 

and services 11 . Hence, introducing a price for carbon makes renewable/low-carbon energy 

resources more competitive. 

 

 

 

10 Parry et al., 2022  
11 Yongjian and Fei, 2021  

https://www.imf.org/-/media/Files/Publications/WP/2022/English/wpiea2022152-print-pdf.ashx
https://www.sciencedirect.com/science/article/pii/S2212095521002224
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2 On Carbon Pricing 

The World Bank12 provides information on carbon prices as of April 2022 (Graph 2). The IMF13 

provides information on carbon prices and carbon pricing schemes (Graph 3). 

 

Graph 2 

Normal Carbon Prices as of April 1, 2022 

 

Note 1: The 2030 carbon price corridor is based on the recommendations of the High-Level Commission on 
Carbon Prices report.  

Note 2: Several jurisdictions apply different carbon tax rates to different sectors or fuels. In these cases, the 
World Bank indicated the range of tax rates applied, with the dark blue shading showing the lower rate and 
the combined dark blue and light blue shading representing the higher rate. 

Source: The World Bank. 

 

Countries that have a carbon pricing mechanism in place chose to implement ETS, or tax carbon 

emissions, or both. Some countries, like the United Kingdom and China, implemented different 

carbon pricing mechanisms in different national regions. Furthermore, there is huge variation in 

carbon prices among different countries and regions. 

 

12The World Bank – State and Trends of Carbon Pricing 2022  
13 Parry et al., 2022 

 

https://www.worldbank.org/en/news/press-release/2022/05/24/global-carbon-pricing-generates-record-84-billion-in-revenue
https://www.imf.org/en/Publications/staff-climate-notes/Issues/2022/07/14/Carbon-Taxes-or-Emissions-Trading-Systems-Instrument-Choice-and-Design-519101#:~:text=Overall%2C%20carbon%20taxes%20have%20significant,can%20have%20significant%20political%20economy
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Graph 3 

Subnational, National and Regional Carbon Pricing Schemes by Country, 2022 

 

Notes: EU ETS includes Iceland, Liechtenstein, and Norway. Prices are emission-weighted averages of 
schemes at national, subnational and, if applicable, EU level. At present, China’s system takes the form of a 

tradable emissions intensity standard with no fixed cap on emissions. Mexico does not include subnational 
schemes due to lack of coverage data.  

Source: IMF. 

 

2.1 Carbon Taxation vs. Emission Trading Systems (ETSs) 

The two most popular methods of carbon pricing are carbon taxes and Emission Trading Systems 

(ETSs). The design choices for these instruments include administration, price levels, emissions 

coverage, relation to other mitigation instruments, use of revenues to address efficiency and 

distributional objectives, supporting measures to address competitiveness concerns, political 

economy aspects, and coordination at the global level.14  

Compared to carbon taxes, ETSs help to achieve emissions targets with more certainty15. Murray 

and Rivers (2015) reviewed the existing evidence regarding the effect of the carbon tax on 

greenhouse emissions and concluded that the tax has reduced fuel consumption and greenhouse 

 

14 Parry et al., 2022 
15 Parry et al., 2022 

https://www.sciencedirect.com/science/article/pii/S0301421515300550
https://www.sciencedirect.com/science/article/pii/S0301421515300550
https://www.imf.org/en/Publications/staff-climate-notes/Issues/2022/07/14/Carbon-Taxes-or-Emissions-Trading-Systems-Instrument-Choice-and-Design-519101#:~:text=Overall%2C%20carbon%20taxes%20have%20significant,can%20have%20significant%20political%20economy
https://www.imf.org/-/media/Files/Publications/WP/2022/English/wpiea2022152-print-pdf.ashx
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gas emissions by between about 5% and 15% since being implemented at $10/tCO2e in 2008 in 

British Columbia. In comparison, installations covered by the EU ETS reduced emissions by about 

35% between 2005 and 201916. 

However, allowance of price volatility in ETSs can be problematic17. Carbon taxes, by contrast, 

guarantee price certainty, and have the potential for coverage of broader emissions sources. 

Overall, carbon taxation is considered to have a significant advantage over ETSs, as it also is 

deemed easier to administer than an ETS (Table 1). 

Table 1 

Comparison of Carbon Taxes and ETSs 

 

Note: Green indicates an advantage of the instrument; orange indicates neither an advantage nor 

disadvantage; red indicates a disadvantage of the instrument. 

Source: As published by Parry et al., 2022, IMF. 

 

 

16 https://climate.ec.europa.eu/eu-action/eu-emissions-trading-system-eu-ets_en 
17 Parry et al., 2022 

https://www.imf.org/-/media/Files/Publications/WP/2022/English/wpiea2022152-print-pdf.ashx
https://climate.ec.europa.eu/eu-action/eu-emissions-trading-system-eu-ets_en
https://www.imf.org/-/media/Files/Publications/WP/2022/English/wpiea2022152-print-pdf.ashx
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While there are some practical advantages to carbon taxes, ETSs may be preferable for other 

reasons—there is no ‘one carbon pricing instrument that fits all’. ETSs can be designed (for 

example, through price floors and allowance auctions) to mimic some of the advantages of carbon 

taxes. Furthermore, even if carbon taxation is chosen to implement carbon pricing policy, tax 

calibration (scope and levels) and chosen implementation design (phase-in vs. blanket approach, 

uniform vs. differentiated taxation, etc.) will have a significant impact on carbon taxation’s 

effectiveness in reducing emissions as well as its distributional impact.  

 

2.2 Modelling Carbon Taxation and its Implications for Inflation 

Table 2 sets forth the main estimation models employed by researchers to calculate optimal 

carbon taxation and analyse carbon tax implications to the economy. The model findings in specific 

case studies are summarised in the Appendix.  

Table 2. 

Summary of Estimation Models of Carbon Taxation 

Model Name Main Interpretations Journal Reference 

Heckscher-Ohlin (HO) 
Model 

The concept of the model, developed in 
1990s, is that the country that is relatively 

abundant in emission permits exports 
relatively emission-intensive goods. Hence, 

developing countries are expected to export 
“dirty” products.  

This model is the inspiration for the Leontief 
paradox theory, later developed into 
Leontief’s IO model.  

Leontief proved the HO theory inaccurate with 
US case studies.  

India: Dietzenbacher and 
Mukhopadhyay (2007) 

Leontief Pricing Model/  

Input-output (IO) 
Model 

The IO model aggregates the intermediate 
transactions in the production of all goods and 
services and the distribution of all final goods 

produced in an economy. These data are used 
to estimate how a price on carbon emission 
(through either a direct tax or a cap-and-
trade policy) would filter through to every 
good and service produced and sold in the 

economy.  

Researchers utilise such a model in comparing 
multi-national/cross-border carbon taxation 
effects or discovering interrelations of carbon 

taxation and other sectors.  

However, the original IO model does not 

consider conditions of the market’s 
adjustment and assumes that the sectors 
automatically decide the rise in prices based 
on their costs. Thus, scholars tend to add new 
factors into the matrix equation to match their 
research needs.  

United States: Choi et al. 
(2010) Spain: Labandeira and 
Labeaga (1999) Gemechu et 

al. (2014) China: Liu et al. 
(2009)  Guo et al. 
(2012)  Meng et al. (2014) 
Chen et al. (2015) Brenner et 
al. (2007) Sun and Ueta 

(2011) Wang et al. (2011) 

Jiang and Shao (2014) Latin 
American countries (Brazil, 
Mexico, and Chile): Cristian 
and Nicolas (2018) Brazil: da 
Silva Freitas et al. (2016) 
Mexico: Renner (2018) The 
European Union: Rocchi et al. 

(2014) Cross-border effect: 
Zhang et al. (2017a) Zhang et 
al. (2017b) Zhang and Zhu 
(2017)  

https://link.springer.com/article/10.1007/s10640-006-9036-9
https://link.springer.com/article/10.1007/s10640-006-9036-9
https://www.researchgate.net/publication/222248883_Effects_of_a_carbon_price_in_the_US_on_economic_sectors_resource_use_and_emissions_An_input-output_approach
https://www.researchgate.net/publication/222248883_Effects_of_a_carbon_price_in_the_US_on_economic_sectors_resource_use_and_emissions_An_input-output_approach
https://www.scopus.com/record/display.uri?eid=2-s2.0-0000960960&origin=inward&featureToggles=FEATURE_NEW_DOC_DETAILS_EXPORT:1,FEATURE_EXPORT_REDESIGN:0
https://www.scopus.com/record/display.uri?eid=2-s2.0-0000960960&origin=inward&featureToggles=FEATURE_NEW_DOC_DETAILS_EXPORT:1,FEATURE_EXPORT_REDESIGN:0
https://www.sciencedirect.com/science/article/pii/S0140988316301931
https://www.sciencedirect.com/science/article/pii/S0140988316301931
https://www.sciencedirect.com/science/article/pii/S0301421509002651
https://www.sciencedirect.com/science/article/pii/S0301421509002651
https://www.sciencedirect.com/science/article/pii/S030142151101007X
https://www.sciencedirect.com/science/article/pii/S030142151101007X
https://www.sciencedirect.com/science/article/pii/S0360544214006938
https://www.sciencedirect.com/science/article/pii/S0306261915008247
https://www.sciencedirect.com/science/article/pii/S0301421506001996
https://www.sciencedirect.com/science/article/pii/S0301421506001996
https://www.jstor.org/stable/43213407
https://www.jstor.org/stable/43213407
https://www.sciencedirect.com/science/article/pii/S030142151100303X
https://www.sciencedirect.com/science/article/pii/S0301421514003772
https://www.sciencedirect.com/science/article/pii/S0301421517308169?casa_token=FoCnucIuceIAAAAA:vfCgS82lUdGj9_OVkyUHRpTmHZdY-H-ISoy2J_Wheyq9tD2R6u_U-4NckGWpTGK2x6xX0XzUlQ
https://www.sciencedirect.com/science/article/pii/S0301421517308169?casa_token=FoCnucIuceIAAAAA:vfCgS82lUdGj9_OVkyUHRpTmHZdY-H-ISoy2J_Wheyq9tD2R6u_U-4NckGWpTGK2x6xX0XzUlQ
https://www.sciencedirect.com/science/article/pii/S0140988316301931
https://www.sciencedirect.com/science/article/pii/S0140988316301931
https://www.sciencedirect.com/science/article/pii/S0301421517306341
https://www.sciencedirect.com/science/article/pii/S0301421514005138
https://www.sciencedirect.com/science/article/pii/S0301421514005138
https://www.sciencedirect.com/science/article/pii/S0140988317300737
https://www.sciencedirect.com/science/article/pii/S014098831730124X
https://www.sciencedirect.com/science/article/pii/S014098831730124X
https://www.sciencedirect.com/science/article/pii/S0301421517308169?casa_token=FoCnucIuceIAAAAA:vfCgS82lUdGj9_OVkyUHRpTmHZdY-H-ISoy2J_Wheyq9tD2R6u_U-4NckGWpTGK2x6xX0XzUlQ#bib32
https://www.sciencedirect.com/science/article/pii/S0301421517308169?casa_token=FoCnucIuceIAAAAA:vfCgS82lUdGj9_OVkyUHRpTmHZdY-H-ISoy2J_Wheyq9tD2R6u_U-4NckGWpTGK2x6xX0XzUlQ#bib32
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Computable General 

Equilibrium (CGE) 
model 

One of the fundamental and main analytical 

tools for climate change policy analysis, 
particularly to establish the carbon-pricing 
relationship with GHG emission reduction and 
economic fluctuation.  

South Africa: 

Van Heerden et al. (2006)  
China: 
Liu et al. (2018)  Li et al. 
(2018)  Lin and Jia (2018)  
British Columbia: 
Bernard et al. (2018) 
Australia:  

Meng et al. (2015) 
Multi-country scale:  
Wissema and Dellink (2007) 
Zhang et al. (2016)  Metcalf 
and Stock (2020)  

Environmental Dynamic 
Stochastic General 

Equilibrium (E-DSGE) 
Model 

The E-DSGE model is the extended version of 
the DSGE model. The original DSGE model 

characterises a general equilibrium between 
households and firms. Both make dynamic 
and rational decisions in a stochastic 
environment with various types of shocks. 
Researchers usually pair the E-DSGE model 

with the CGE model to reinforce the 
significance level.  

Model introduction: 
Fischer and Springborn (2011)  

Heutel (2012) 
United States: 
Annicchiarico and Di Dio 
(2015) Heutel (2012) Dissou 
and Karnizova (2016) 

China: 
Chan (2019) Chan (2020) Cao 
et al. (2021) 

Dynamic Integrated 
Climate-economy 

(DICE) Model 

The DICE model framework is utilised to 
optimise the carbon tax rate to discover the 
macro-economic effects with the 

environmental changes under carbon 
taxation. The discounted sum of per capita 
consumption of utilities is set as the 
optimization objective and a dynamic 
integrated climate-economy model was 

adopted for carbon tax optimization. 

Model introduction: Nordhaus 
(1992)  

Quadratic Almost Ideal 

Demand System 
(QUAIDS) Model 

QUAIDS are demand system-based models. 

QUAIDS models tend to be more flexible and 
allow for complementarities and substitution 
relationships between goods, which can 
improve the identification of distributional 
effects. 

Sweden: 

Brannlund and Nordstrom 
(2004)  
Brazil: 
Moz-Christofoletti and Pereda 
(2021)  
South Africa:  
Banks et al. (1997)  

Mexico:  
Rosas-Flores et al. (2017) and 
Renner et al. (2018) 

The Global Change 
Assessment Model 

(GCAM) 

The GCAM is a global integrated assessment 
model combining representations of the 
economy, energy system, agriculture, land 

use, and climate change. The model is a 

dynamic recursive, partial equilibrium model 
that adjusts prices until supply and demand 
balance for all energy and agricultural 
markets. 

Model introduction: Clarke et 
al.,2007 
United Kingdom: Barrage 

(2020) 

 

TIMES Integrated 
Assessment Model of 

the Energy Research 
Centre of the 

Netherlands (TIAM-
ECN) Model 

TIAM-ECN is a linear optimization model, 
based on energy system cost minimization 

with perfect foresight until 2100. The model 
simulates the development of the global 
energy economy over time from resource 
extraction to final energy use.  

Model introduction: Rosler et 
al.,2014 

 

https://www.jstor.org/stable/23297022
https://www.sciencedirect.com/science/article/pii/S0360544218312283
https://www.sciencedirect.com/science/article/pii/S0301421517307218
https://www.sciencedirect.com/science/article/pii/S0301421517307218
https://www.sciencedirect.com/science/article/pii/S0360544218312325
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3283220#:~:text=We%20conclude%20that%20there%20is,with%20and%20without%20carbon%20tax.
http://www.ijssh.org/papers/510-B004.pdf
https://www.sciencedirect.com/science/article/pii/S0921800906004599
https://www.sciencedirect.com/science/article/pii/S0959652616319230
https://www.aeaweb.org/articles?id=10.1257/pandp.20201081
https://www.aeaweb.org/articles?id=10.1257/pandp.20201081
https://www.sciencedirect.com/topics/engineering/stochastic-dynamic
https://www.sciencedirect.com/topics/engineering/stochastic-dynamic
https://www.sciencedirect.com/science/article/pii/S0095069611000969
https://www.sciencedirect.com/science/article/pii/S1094202511000238
https://www.sciencedirect.com/science/article/pii/S0095069614000850
https://www.sciencedirect.com/science/article/pii/S0095069614000850
https://www.sciencedirect.com/science/article/pii/S1094202511000238
https://www.sciencedirect.com/science/article/pii/S0959652620304996#bib12
https://www.sciencedirect.com/science/article/pii/S0959652620304996#bib12
https://com-mendeley-prod-publicsharing-pdfstore.s3.eu-west-1.amazonaws.com/729f-CC-BY-2/10.3390/su11195147.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEAcaCWV1LXdlc3QtMSJHMEUCIQDVEJnpevDyVKKHu50mKG%2F0A6pvxq1UbehrWwu824EX4wIgbcqZcWAmC80PpemRMB%2Bl9mNPdEuMDv1Y%2BTwYZsr4ensqgwQIYBADGgwxMDgxNjYxOTQ1MDUiDLT8Ke2NPvUdGK9zyirgAwBYr%2BVyirAwoh2S5WC0xb%2FVPtbUIkrlUQmCA3kxGyhm3WvoMDUUnH%2BwdpcueDwxqstoYSPyxPmvGQ1a9p6keMa8H5xZcQv7CEGKuAjunc8l60jRFYFIqqLwW0%2BIm6hquehpzZKMQ7N5HkzM%2FIsm%2FAevRxvFuX0%2BplJcbPXv62fFeP8j3AmNReIEyNdZOSndTb7%2FIYQT9vhYZcvcMA6dGOZS7bpVQ5NpXubTpeAgHcgeyhVAHPH%2Bfc8dEALi9TMCubBD68MXQNwwEwXG676Gm51uF2NesFxv4wgQ9CoGLAmQP2rHzHJqYH2TfNTxX%2BoLeei9aWfYhdKfe1sP1nmMo%2BQam57XzqPq31Qy9BucCUAs3qps9neS%2BXAhJneZdpA%2BKyGetCu%2FAFZp6EJWcoTJT%2BAKjUAcmVxqQfheZcwo38icONioKfbmPC2a9xlYLSFYTPChRiMDss1LF774mBEUrQpnj68rdcrzEIkwuK4u8IPKwJoQVwShXwCqeCElu9WKfoclEmsmW2gQGttaJUDN8J%2Bz%2Fr5PhyRNOPMq4iaG%2B0uFhVjWQ1UnmcnGdkFlZcC3brSokSatER%2B0DYRfmQVgwyyGTaKQA5Qlk%2FOpLngInxYKgDckwJq85%2FPuIFHUm1qOMTCGyZ%2BXBjqlAVTsp%2BWdr%2Bh%2BSiJ%2BHvI%2BZ%2Bv7YNhxPi6j8eJwwtA%2Be075WP8LCgHRitwXuwPJ0PSaWrcTSJxqAaaU2VQcighy%2BmJ0WERGzCwwxJ6WQH5VBu4cTZ3jRDxoSabCDQLceS6XlRKbgr%2Bz81wI8Ce2xwsrFFT4TxwWRY4bxcfkzn5y2TQ10cLCts1hSIvbr%2BJCLMtU1Uu%2BqSrdF3DciSCGsZG5bUF%2FNZSaMw%3D%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20220801T175528Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIARSLZVEVETNBIKO6U%2F20220801%2Feu-west-1%2Fs3%2Faws4_request&X-Amz-Signature=e9c9a6972723ef8685c7b84e3818c415ebbda281b5e9d9e44943044323edb8de
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https://www.sciencedirect.com/science/article/pii/S2213138813000830
https://www.sciencedirect.com/science/article/pii/S2213138813000830
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Normally, carbon taxation would generate the replacement of fuel-intensive products, cause 

changes in the structures of production and the consumption of energy, and promote investment 

to improve energy efficiency18. However, carbon tax inevitably has some negative impacts. In the 

short term, carbon tax could raise energy prices, increase costs, and undermine the 

competitiveness of industries with extensive energy use.  

Energy prices are a primary component of headline inflation19, and any large incremental growth in 

the price of energy is expected to be reflected by a similar increment in economies’ general price 

indices. Consequently, drastic price surges in the power markets risk destabilizing general price 

dynamics and resurrect fears of inflation. For instance, a $15 carbon tax implemented in the US is 

associated with a rise in inflation of 0.8% during the first year of the policy.20 

Choi et al. (2018) provide evidence of an asymmetry in the responses of inflation to fuel price 

shocks as positive oil price shocks lead to a larger effect on inflation than negative price shocks. 

Furthermore, Gelos and Ustyugova (2017) also find that commodity price shocks such as fuel 

prices have stronger effects on domestic inflation in developing countries than in advanced 

economies. However, several later studies contradict such claims. Firstly, McKibbin et al. (2021) 

find that the carbon tax is negatively correlated with the core euro-area inflation. They conclude 

that carbon taxes affected mainly relative prices rather than the overall price level. Their results 

have been verified by Konradt and Weder di Mauro (2020). They discover that the increase in 

energy price is more than offset by a fall in the prices of services and other non-tradable assets. 

The method they employed was the synthetic control method21 and local projections22 to identify 

the effect on the consumer price index (CPI). The results are illustrated in Graph 4. 

From Graph 4 it can be concluded that energy prices rise in the period after carbon taxes are 

implemented (compared to a synthetic control group). At the same time, prices fall for other 

components of the CPI basket, mostly non-tradable goods. In addition, in Europe, this holds true 

for early as well as late carbon tax adopters, although the deflationary effect is smaller for the 

latter group.  

Besides this (relatively) positive relationship of the carbon tax to deflation, Kanzig (2021) finds 

that surprises in carbon prices in the European ETS had a positive effect on energy and consumer 

prices. Using model simulations, McKibbin et al. (2021) find that carbon taxes have only a 

transitory effect on inflation.  

 

 

18 Baeca and Mardones, 2018  
19 Celasun et al., 2022 
20 McKibbin et al., 2014 
21 Abadie et al., 2010 
22 Jorda, 2005 

https://www.sciencedirect.com/science/article/pii/S0261560617302541
https://www.sciencedirect.com/science/article/pii/S0261560616301176
https://www.ecb.europa.eu/pub/conferences/ecbforum/shared/pdf/2021/McKibbin_paper.en.pdf
https://ideas.repec.org/p/gii/giihei/heidwp17-2021.html
https://www.ecb.europa.eu/pub/conferences/ecbforum/shared/pdf/2021/kaenzig_paper.en.pdf
https://www.ecb.europa.eu/pub/conferences/ecbforum/shared/pdf/2021/McKibbin_paper.en.pdf
https://www.sciencedirect.com/science/article/pii/S0301421517308169?casa_token=FoCnucIuceIAAAAA:vfCgS82lUdGj9_OVkyUHRpTmHZdY-H-ISoy2J_Wheyq9tD2R6u_U-4NckGWpTGK2x6xX0XzUlQ
https://www.imf.org/en/Publications/WP/Issues/2022/07/28/Surging-Energy-Prices-in-Europe-in-the-Aftermath-of-the-War-How-to-Support-the-Vulnerable-521457
https://economics.mit.edu/files/11859
https://www.jstor.org/stable/4132675#metadata_info_tab_contents
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Graph 4 

Cumulative Impulse Responses of CPI to An Increase in Carbon Tax  

 

Note: This figure shows the cumulative impulse responses of CPI to a $40 carbon tax with 30% emission 

coverage, estimated for Canada (panel A) and Europe (panel B), respectively. Shaded grey bounds show 95% 
confidence bands.  

Source: Konradt and Weder di Mauro, 2021 

 

2.3 Distributional Impact of Carbon Taxation 

Most of the academic research finds that due to an increase in electricity and public transportation 

prices, carbon tax policy results in being regressive23. On the contrary, an increase in fuel prices is 

progressive. Consequently, simultaneous price increases for energy goods lead to a higher welfare 

loss for the poorest and middle-income households compared to the richest households. Table 3 

provides an overview of academic studies on the distributional impact of carbon taxation. 

Uribe et al. (2022) find the impact of carbon taxation to be highest for households on the brink of 

energy poverty and small businesses, both of which are dramatically affected by electricity prices. 

These household and businesses are forced to drastically reduce their already minimal energy 

consumption when faced with an energy price shock. This might be a symptom of the system’s 

inability to always comply with energy demand from all agents and could be an early warning sign 

of energy crises and foreseeable energy shortages in the future24.  

To be more specific, this result can be verified in both developed and developing countries. In 

studies of developed countries, Bento et al. (2009) analyse the distributional effects of a gasoline 

tax increase on U.S consumers. Their results show that when revenues are not recycled, a gasoline 

tax is regressive. However, using the additional gas tax revenue to fund labour tax cuts makes the 

 

23 Okonkwo, 2021 
24 Horowitz, 2010 

https://voxeu.org/article/carbon-taxation-and-inflation
https://www.sciencedirect.com/science/article/pii/S0301421522002439
https://econweb.ucsd.edu/~m3jacobs/Gas_Taxes.pdf
https://www.sciencedirect.com/science/article/pii/S0140988320302437
https://edition.cnn.com/2021/10/07/business/global-energy-crisis/index.html
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policy substantially less regressive, while using the revenue to fund lump-sum transfers makes it 

progressive.  

Similar results have been found in developing countries. Using an input-output model, Zhang et al. 

(2019) explain that as the tax rate increases, both the expenditure growth rate after tax and the 

proportion of carbon tax to income increase in a linear form. That means that if the tax rate 

doubles, the negative distributional effects are also doubled. 

Dorband et al. (2019) find that in contrast to the situation in low- and middle-income countries, 

carbon pricing tends to be regressive in countries with higher income per capita, mainly reflecting 

energy consumption patterns.  

 

Graph 5 

Distributional effects of carbon tax on different household groups 

 

Note: Shown is the proportion of carbon tax to income for the case when the tax rate equals 100 yuan/ton. 

Source: Zhang et al. (2019). 

 

Graph 5 clarifies the effects of a carbon tax on different household groups. The distributional effect 

on the poorest households is 1.8 times that on the richest ones. Although the degree of 

regressivity is slight, it cannot be ignored and requires consideration of some compensation policy 

to offset the negative effects. In addition, the effects of the carbon tax on rural residents are 

significantly regressive, compared with those on urban residents.  

Since the goal of a carbon tax is not to increase tax revenue but to mitigate carbon emissions, the 

policy should be designed so as to compensate the most vulnerable households for these adverse 

effects of carbon taxation. Tax revenue reallocation should be a more favourable mechanism than 

https://www.sciencedirect.com/science/article/pii/S0301421518308498
https://www.sciencedirect.com/science/article/pii/S0301421518308498
https://www.sciencedirect.com/science/article/pii/S0305750X18304212
https://www.sciencedirect.com/science/article/pii/S0301421518308498
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simply exempting these households or returning their tax contributions, due to the potential for 

redistribution to reduce overall inequality. 

Table 3 

Academic Studies on Distributional Impact of Carbon Tax 

Household 
Segmentation 

Countries/Regions Studied Common conclusions for each 
category of studies 

Among the income 
groups 

Denmark, the US, the Netherlands; 
Ireland; the UK; France; China; Cyprus; 
Sweden; Taiwan; Shanghai; Singapore; 
Spain 
 

New Zealand. Italy.  
 

Italy; Spain; SRB (Susquehanna River 
Basin) in the US; China; British Columbia; 
Australia; Vietnam; Canada; Indonesia, 
Malaysia, the Philippines and Thailand  

The carbon tax is regressive or 
exacerbates inequities  

 

The carbon tax is neutral for Italy, or 
neither strictly regressive nor 
progressive in New Zealand.  

 

The carbon tax shows progressivity. A 
non-monotonic (U-shaped) relationship 
occurs between carbon taxes and 
inequality/income level. 

Between urban and 
rural households 

Ireland; China; the UK; France; Indonesia, 
the Philippines and Thailand; Denmark; 
four provinces in Canada 
 

Cyprus; Malaysia 

Rural (and suburban) households have 
higher tax burdens or welfare losses 
than urban households. 

 

Urban households are more affected 
than rural household 

Among households 
from different regions 

International:  
European carbon taxes; Global carbon 
taxes 

 

Regions within a country: 
The US (into 9 regions); Sweden (into 3 
types of regions: big, middle and sparsely 
populated areas); China (into 30 
provinces); four provinces in Canada 

Higher tax burdens fall on poorer 
countries. 

 

Carbon tax incidence across regions 
might be modest in the US or 
significant in China and Canada; and in 
Sweden, households living in sparsely 
populated areas were the most 

affected. 

Among households 
grouped by other 

demographic 
characteristics 

Household size: 
Denmark; Ireland; Cyprus; Spain 
 
Socio-economic status: 
The UK 

Larger families were less affected than 
smaller families. 

 

Disadvantaged families were more 
affected due to having fewer options to 

buy low carbon alternatives. 

Among generations Bovenberg and Heijdra (1998) 

Zhang and Baranzini (2004) 
Chiroleu-Assouline and Fodha (2006) 
Rausch (2013) 

Carbon mitigation might induce an 

uneven distribution of cost/benefit 
across current and future generations; 
and between the younger and older 
generations coexisting at a given date. 

 

Okonkwo (2021) uses a CGE model to find the potential for a double or triple dividend if revenues 

from energy-related environmental taxes are recycled to households by reducing existing taxes. 

Okonkwo (2021) finds a triple dividend – reduced poverty, decreased emissions and increased 

https://reader.elsevier.com/reader/sd/pii/S0921800904003672?token=7C909AD2C05FDB75078CAA63CDF446D5C230C766A846B67D3FD7C0ADD6C863BAC82EFB4C6A8ACED62121583799256F60&originRegion=eu-west-1&originCreation=20220811151036
https://reader.elsevier.com/reader/sd/pii/S0301421513011543?token=D642D0F0EAF6FBA88C3ED37CB0BE8601FCD54852586B2B9DF3BB4ED20A856393EF8CD9E4F8778882A7A2E3603C8C9A81&originRegion=eu-west-1&originCreation=20220811151234
https://reader.elsevier.com/reader/sd/pii/S092180090700612X?token=1D7E89E27F1BF067F6288FD562BEEA8306421A21E97D0E7B9A7B1C8DE3EF9E3FB3B7CA60701DF7BB575F43D0A557ADA8&originRegion=eu-west-1&originCreation=20220811151301
https://reader.elsevier.com/reader/sd/pii/S0301421508005089?token=F7C2F62B2E6EB6106FCB38C7335095EA1635D5C993F65F1FA248639D4F7E55B36456FD2C6B51B78FC4B6CBA5D3D0F052&originRegion=eu-west-1&originCreation=20220811151324
https://reader.elsevier.com/reader/sd/pii/S0301421508005089?token=F7C2F62B2E6EB6106FCB38C7335095EA1635D5C993F65F1FA248639D4F7E55B36456FD2C6B51B78FC4B6CBA5D3D0F052&originRegion=eu-west-1&originCreation=20220811151324
https://pubs.acs.org/doi/10.1021/es902974g
https://reader.elsevier.com/reader/sd/pii/S0140988310001209?token=E376664CFDA0989D744643EFC0931AF47BBD6ED9F461754FB463F9FF7F5FB0F85B6196FB4B4CED234804DAA1DEABCEE6&originRegion=eu-west-1&originCreation=20220811151649
https://www.sciencedirect.com/science/article/pii/S0301479722010398
https://www.sciencedirect.com/science/article/pii/S0140988313002788
https://reader.elsevier.com/reader/sd/pii/S0014292102002635?token=A28C09EC08F06B700A4CDA06A8F12435FFFB83BD1DAF42399EC49C2F232ED4FC4F1D0B4AF63A146533253B41BE253BA1&originRegion=eu-west-1&originCreation=20220811151926
https://www.tandfonline.com/doi/abs/10.1080/13504850110054076
https://www.sciencedirect.com/science/article/pii/S0301421514003772
https://crawford.anu.edu.au/publication/productivity-policy-research-program/7823/economy-wide-impact-uniform-carbon-tax-asean
https://www.sciencedirect.com/science/article/pii/S0306261915012271
https://reader.elsevier.com/reader/sd/pii/S0921800905002107?token=91B64F2CD7D91689BD403A1CE0947EFC5F83D1416C0961D93235121BFAA6B9E0020D6C801EB46F4DFD2F4775B76FA746&originRegion=eu-west-1&originCreation=20220811152239
https://www.researchgate.net/publication/5159193_The_Effects_of_Pollution_and_Energy_Taxes_across_the_European_Income_Distribution
https://www.sciencedirect.com/science/article/pii/S0301421504000333
https://www.academia.edu/5777410/Combining_input_output_analysis_and_micro_simulation_to_assess_the_effects_of_carbon_taxation_on_Spanish_households
https://reader.elsevier.com/reader/sd/pii/S0140988306000089?token=10F423AE9456A32227205F7CE01785905A7AD09989293FF574626F69C4A6AC5C4DC82C1968FF17062E6805FFC47F7D95&originRegion=eu-west-1&originCreation=20220811152400
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economic growth – when any of the simulated environmental taxes is recycled through a reduction 

in food prices. 

When the amount of carbon tax directly paid by households is spent on the groups with low 

income levels, the progressivity of a carbon tax will be largely removed. In addition, if the total 

carbon tax directly and indirectly borne by households is reallocated to the groups with low income 

levels, the inequality will be improved. Table 4 lists some options for carbon tax revenue recycling 

mechanisms. 

Table 4  

Carbon tax revenue recycling 

Approach Pros – Opportunities Cons – Challenges 

Reduce other taxes Improve efficiency of tax system 

Promote economic activity  

Preferential treatment of certain 
groups  

Reducing other taxes can reduce 
efficacy of carbon tax 

Direct household transfers Fairness and social impact  

Public support 

Missed opportunities to improve 

productivity of whole economy 

Administratively complex 

Possible rebound affects  

Transitional support for industry Economic growth  

Reduce social and industry 
opposition 

Boosts environmental benefits  

Can reduce efficacy of carbon 
price 

Can unfairly benefit some firms or 
sections that have competitive 

advantage  

Public debt and deficit reduction Long-term economic benefits  

Intergenerational affordability: 
reduces cost of climate change that 

must be paid back by future 
generations  

Limited public acceptability, as it is 

less tangible than other options  

No direct environmental benefit 

General spending Increases government resource 
availability  

Economic support 

Lack of clear returns  

Climate investment funding Funding prioritisation of climate 
change investments 

Corrective potential by targeting 
those adversely impacted by 
climate change 

Thematic coherence and public 
support 

Negative perceptions of increased 
public spending 

Inadequate levels of expenditure if 
revenues shrink 

Note: The Carbon Pricing Leadership Coalition (2016) report lists these different carbon tax revenue recycling 
options with pros and cons, including potential challenges for household transactions. 

Source: Carbon Pricing Leadership Coalition. 

 

Furthermore, the concept of fuel subsidies should be revised when discussing an introduction of 

carbon taxation. Many studies provide evidence that the fuel subsidies in developing countries are 
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poorly targeted, and that fuel price increases are in general either neutral or progressive, although 

the impact on the poor is not negligible25.  

Considering subsidies, and taking “adjusting subsidies” as an example, fossil-fuel subsidy reform 

could be investigated as a possible future renewable energy investment focus. Many countries 

heavily subsidise energy consumption. However, subsidy reform without clear justification could 

lead to unexpected social reactions.  

Terton et al. (2015) argues that even under low international energy prices, some countries could 

significantly benefit from the elimination of fossil-fuel consumption subsidies and achieve their 

Paris Agreement targets solely by implementing corresponding energy subsidy reform policies.  

 

3 Policy Recommendations 

3.1 Differentiated Carbon Tax Might Be Preferable 

A differentiated carbon tax has been found to work better than a uniform carbon tax. Conventional 

economic theory suggests that the price of carbon should be uniform26, as this allows abatement 

costs to be equalised across sectors, ensuring cost-effectiveness. The UK currently has a number 

of different carbon prices across the economy, due to overlapping policies and implicit and explicit 

price signals. Although unintended, this may not necessarily be a bad thing if the price levels are 

designed with the appropriate complementary policies. For example, differentiated prices may be 

better utilised during transition periods to stimulate rapid implementation while allowing sectors 

that can decarbonise relatively cheaply to do so unburdened27. Moreover, differentiated sectoral 

pricing recognises that each sector has different emissions abatement opportunities, and that 

investment needs to reach net zero.  

In sectors where it is cheap to decarbonise, the carbon price can be lower or rise more slowly. For 

energy-intensive sectors, such as steel and cement, reaching net zero will be more costly and 

requires rapid technological innovation. Here the carbon price should be higher, therefore, 

although greater reductions in emissions within difficult-to-decarbonise sectors may be achieved 

by also investing in low-carbon technologies28, as a carbon price by itself is unlikely to stimulate 

the innovation required. For those sectors, sacrificing economic efficiency may be worthwhile to 

ensure political acceptability. 

 

25 Solie and Mu, 2015, Kpodar and Djiofack, 2010 
26 Stiglitz, 2019 
27 Burke et al., 2019 
28 Vogt-Schilb et al., 2018 

https://www.sciencedirect.com/science/article/pii/S0301421515301038
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=901882
https://doi.org/10.1016/j.euroecorev.2019.05.007
https://www.lse.ac.uk/granthaminstitute/wp-content/uploads/2019/05/GRI_POLICY-REPORT_How-to-price-carbon-to-reach-net-zero-emissions-in-the-UK.pdf
https://doi.org/10.1016/j.jeem.2017.12.001
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It is essential to consider the optimal usage of the carbon tax categories. This is because a 

traditional carbon tax would always cause inequalities29. Some new forms of carbon tax regulation, 

such as progressive carbon tax 30  and differentiated carbon tax 31 , have been proposed by 

academics and recommended for governments. In these forms of regulation, the differentiated 

carbon tax can also be applied across product types with varying carbon emissions, as well as 

across regions, sectors, and enterprises. For example, in Norway, the carbon tax rates of different 

fuels depend on the carbon content. In 2005, the carbon tax rate of mineral oil was €41 per ton of 

carbon dioxide, and those of light oil and heavy oil were €24 and €21 per ton of carbon dioxide, 

respectively. 

Yuanyuan et al. (2020) found that the impacts of a carbon tax on CO2 emissions are similar to 

those on the GDP: significant reduction when the tax is imposed on the sectors of fossil-fuel 

electricity and coal, and limited reduction when the tax is imposed on other sectors. Thus, 

differentiated tax rates for each sector have a high potential to better balance the requirements of 

economic development and carbon emissions reduction. 

Furthermore, in the analysis of Yongjian and Fei (2021), a differentiated carbon tax across new 

and remanufactured products is considered. Even though remanufacturing reduces energy 

consumption and carbon emissions, it still causes environmental damage in the process of 

recycling, remanufacturing, and disposal. Therefore, the carbon tax should also be applicable to 

the remanufactured products32. To this end, some manufacturers, such as Caterpillar and Levis, 

have invested in technology and equipment to reduce carbon emissions under the carbon tax 

regulation33. Yongjian and Fei (2021) concluded that for governments which utilise differentiated 

carbon tax regulation, a low tax rate is best for remanufacturing activity.  

In addition, to maximise social welfare, the government should levy a higher carbon tax rate for 

enterprises/industries with great environmental damage and a lower rate for enterprises/industries 

with little environmental damage. Therefore, the formulation of a differentiated carbon tax 

regulation requires that the government not only trade off enterprise profit, consumer surplus and 

environmental damage but also discriminate among different industries, emissions reduction 

technologies and product characteristics of enterprises. This is a challenging and politically 

sensitive task. 

 

 

29 Zhang et al., 2021  
30 Yan and Eskeland, 2018  
31 Fremstad and Paul, 2019 
32 Wang and Li, 2018  
33 Lash and Wellington, 2007; Drake and Spinler, 2013  

https://www.sciencedirect.com/science/article/pii/S0959652620341457
https://www.sciencedirect.com/science/article/pii/S2212095521002224
https://www.sciencedirect.com/science/article/pii/S2212095521002224
https://www.sciencedirect.com/science/article/pii/S2352550921000671
https://www.sciencedirect.com/science/article/pii/S0095069617301249
https://www.sciencedirect.com/science/article/pii/S092180091831084X
https://ieeexplore.ieee.org/document/8572795
http://courseresources.mit.usf.edu/sgs/geb6930/module_3/read/competative_advantage.pdf
https://pubsonline.informs.org/doi/pdf/10.1287/msom.2013.0456


 

 

20  

3.2 Phased-in Carbon Tax Appears Superior to the Blanket Approach 

The likelihood of implementing an economy-wide carbon price in one single, large legislative 

reform is low. Sectors for which carbon prices already exist can be grouped together in a first 

phase of tax policy reform. However, a carbon price may need to be phased in over time for those 

sectors where the institutional architecture to implement a tax does not exist, where the salience 

of pricing is low or where monitoring, reporting and verification (MRV) is likely to be complex.  

A phased approach also allows consumers to become familiar with the tax and understand its 

effectiveness34. Many countries struggle with design and implementation of MRV systems for 

agriculture and agroforestry due to technical and institutional challenges35 and therefore a phased 

approach may be especially helpful for those in the land use sector. 

 

3.3 Carbon Border Adjustments as a Solution to Carbon Leakage 

There is a longstanding concern among policymakers that ambitious climate policies may lead to a 

loss of competitiveness in some industries36. Stringent environmental policies may increase the 

production cost and decrease the competitiveness of energy-intensive industries. Leakages of 

carbon can occur as production may shift offshore to countries without a carbon tax.  

One possible solution to counter this leakage is the implementation of a CBAM on the imports of 

energy-intensive goods from countries without appropriate environmental policies37. CBAMs reduce 

free-riding and put pressure on ‘climate laggards’ to reduce their own emissions, by confronting 

them with higher exporting costs38.  

CBAM functions as an import tax on both final goods and imported intermediate inputs and 

increases consumption prices, reducing the welfare of consumers in the home country. There is 

mixed evidence for the impact of CBAMs on consumption prices or welfare. Some studies have 

found no welfare effects 39 , while others have found that CBAMs increase welfare costs to 

households through higher import costs40. These welfare losses are potentially greatest for the 

very poor and very rich as these groups consume larger shares of imported goods that experience 

a price increase through the CBAM41. 

 

34 Carattini et al., 2018 
35 Rosenstock et al., 2019 
36 Dissou and Eyland, 2011 
37 Dissou and Eyland, 2011 
38 Mehling et al., 2019 
39 Kortum and Weisbach, 2016 
40 Dissou and Eyland, 2011 
41 Sager, 2019 

https://wires.onlinelibrary.wiley.com/doi/full/10.1002/wcc.531
https://www.sciencedirect.com/science/article/pii/S0167880919301835
https://doi.org/10.1016/j.eneco.2011.01.003
https://doi.org/10.1016/j.eneco.2011.01.003
https://doi.org/10.1017/ajil.2019.22
http://www.rff.org/files/document/file/RFF-DP-16-09.pdf
https://doi.org/10.1016/j.eneco.2011.01.003
http://www.lse.ac.uk/GranthamInstitute/publication/the-global-consumer-incidence-of-carbon-pricing/
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Empirical evidence suggests that current carbon policies have had little impact on 

competitiveness42, reducing the importance of adjustment measures. Moreover, there are potential 

barriers to CBAMs. Since they act as hidden trade barriers, CBAMs are not necessarily compatible 

with World Trade Organization rules43 unless foreign and domestic goods are similar so that no 

product discrimination arises44. There are also high administrative costs. Choosing which goods 

and countries to cover is costly and complex, as it is difficult to measure foreign producers’ 

emissions and to put a price on them45. 

 

3.4 On Green QE 

Green QE refers to a policy that tilts the central bank’s balance sheet towards green bonds and 

bonds with better climate performance46. To mitigate the impact of climate change, Green QE 

could provide support to a sustainable economy through lowering the cost of borrowing47.  

In 2020, the Bank of England was the first central bank to announce a green criterion for asset 

purchases under its quantitative easing program. The ECB recently also decided to tilt 

Eurosystem‘s holdings of corporate bonds towards issuers with better climate performance.48  

 

Graph 6 

Global Green Bond Issuance and Corresponding Volumes (2007-2021) 

 

Source: Climate Bond Initiative. 

 

 

42 Dechezleprêtre and Sato, 2017 
43 Trachtman, 2016 
44 Majocchi, 2018 
45 Kortum and Weisbach, 2016 
46 Ferrari and Landi, 2020 
47 Bank of England, 2022) 
48 https://www.ecb.europa.eu/press/pr/date/2022/html/ecb.pr220704~4f48a72462.en.html and 

https://www.ecb.europa.eu/press/pr/date/2022/html/ecb.pr220919~fae53c59bd.en.htm l 
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The lack of a green bond market is often mentioned as one of the major issues central banks face 

when considering whether to green their balance sheets. Even though a growing supply of green 

bonds globally has been observed since 201749 (Graph 6), the general feeling is that demand still 

significantly outstrips supply. 

Although the Green QE benefits the green bond market and encourages a green transition of the 

economy, market volatility should also be taken into consideration. On the one hand, Yi et al. 

(2021) shows that the green bond market has a high level of uncertainty resulting from investors’ 

concerns about credit risk. Dutta et al. (2020) investigate the response of green investment to 

shocks in the oil market. Their findings suggest that green assets are more vulnerable to volatility 

in the oil market than to oil price levels.  

On the other hand, Naeem et al. (2021) find that the green bond market is more efficient than the 

conventional bond market during external market turmoil, and that investment in the green bond 

market serves as a good diversifier for investors in conventional bonds. Arif et al. (2021) support 

this conclusion and find that under extreme external shocks, a green bond is a safe-haven asset 

for investors in the conventional bond market but also for those in the stock, currency, and 

commodities markets.  

Though central banks’ research on the movement of market prices is expanding rapidly, studies 

that capture the dynamics of the volatility of the green bond market are rather rare compared to 

studies that examine the volatile nature of the conventional fixed-income market. In this regard, 

future research should focus not only on the price co-movements of the green bond market and 

traditional markets, but also on the volatility co-movements. 

 

4 Conclusion 

There is no denying the importance of climate change. An increase in global temperature levels 

from GHG emissions will trigger various catastrophes which will eventually affect countries’ GDP, 

especially in developing nations. The introduction of carbon taxation appears to be a superior 

policy tool to tackle GHG emissions. Such a tax, however, unless accompanied by other policy 

measures, is likely to have significant undesirable distributional effects. Furthermore, it is vital to 

calibrate carbon taxation carefully. 

It has been argued that carbon tax may push up energy prices, including the price of electricity. As 

the price of electricity is a component of headline inflation, a carbon tax might risk triggering 

national inflation. However, this issue remains controversial since several recent publications find 

no impact by the carbon tax on the overall price level. Notably, research has mainly concentrated 
 

49Climate Bond Initiative, 2019. 
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on the surge in electricity prices, neglecting the relationship between the electricity price and the 

price of natural gas, and the possible implications of a change in the energy mix for the 

transmission of a carbon tax to headline inflation levels. 

In terms of distributional impact, the literature indicates that carbon pricing tends to be regressive 

in countries with higher income per capita, mainly reflecting energy consumption patterns. The risk 

of inequality in households and small business on the brink of energy poverty is inevitable and 

impossible to ignore. Policymakers should thus carefully consider how to use carbon tax revenues. 

Recent studies have shown revenue reallocation from carbon taxation that is targeted towards the 

most vulnerable households to have the potential to reap a triple dividend – reduce poverty, 

decrease emissions, and increase economic growth. 

In terms of carbon tax calibration, studies have shown that a differentiated carbon tax is more 

efficient (also in terms of distributional impact) than a uniform carbon tax or progressive taxation. 

Taking into account that a carbon tax may need to be adopted over time for different sectors, a 

phased approach has been found more efficient than monitoring, reporting and verification (MRV).  

CBAM should be considered as a solution to carbon leakage, as production may shift offshore to 

countries without a carbon tax upon introduction of such taxation. Though intuitively necessary, 

CBAM may end up being a highly costly administrative process without tangible impact on climate, 

unless other relevant policy measures are implemented first. 

Finally, Green QE should continue where it is already in place and be considered where it is not yet 

available. To this end, maintaining green bond market stability is crucial, which means that central 

banks should stay alert for potential market volatility, including companies‘ greenwashing 

intentions, further evolution of the COVID-19 pandemic, and the aftermath of Russia‘s war against 

Ukraine.  
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Appendix – Model Explanations 

 

Model Name 

I. Heckscher-Ohlin (HO) Model 

II. Leontief Pricing Model/ Input-output (IO) Model 

III. Computable General Equilibrium (CGE) model 

IV. Environmental Dynamic Stochastic General Equilibrium (E-DSGE) Model 

V. Quadratic Almost Ideal Demand System (QUAIDS) Model 

VI. The Global Change Assessment Model (GCAM) 

VII. IMF-ENV Model  

(Used in IMF scenario planning but does not occur in other literature) 

 

I. Heckscher-Ohlin (HO) Theorem 

The HO theorem, also referred to as the Pollution Haven Hypothesis (PHH), posits that because 

pollution regulations are stronger or restrictions on emissions are tighter in developed countries 

than in developing countries, the latter will export ‘dirty’ products and import ‘clean’ products50. 

Consequently, according to the PHH, developing countries have a comparative advantage in 

relatively emission-intensive goods. Dietzenbacher and Mukhopadhyay (2006) analysed the 

relationship between pollution level and exporting revenue in India. According to the PHH, a 

developing country loses from extra trade while its trading partner gains. However, the results of 

this study do not support the hypothesis.  

Fifty years ago, Leontief (1953) tested the HO theorem with labour and capital as factors and 

found similar surprising results. That is, the USA, commonly believed to be the most capital-

abundant country at that time, was found to export labour-intensive goods and to import capital-

intensive goods. This result, which became known as the Leontief Paradox, stimulated research 

that would later become the Leontief pricing model/ IO model.  

II. Leontief Pricing Model/ Input-Output (IO) Model 

Modern input–output analysis is based on the pioneering work of the Russian-American economist 

Wassily Leontief, who in the 1930s described the relationships between prices and quantities with 

respect to supply and demand in a market economy.  

 

50 Dietzenbacher and Mukhopadhyay, 2006 

https://link.springer.com/content/pdf/10.1007/s10640-006-9036-9.pdf
https://mpra.ub.uni-muenchen.de/96929/1/MPRA_paper_96929.pdf
https://link.springer.com/content/pdf/10.1007/s10640-006-9036-9.pdf
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An IO Model provides a framework that can be used to estimate detailed commodity price effects 

in response to a carbon policy 51 . The major mechanism of an IO model is an intermediate 

transaction matrix, which describes the mix of production inputs required for every commodity 

output in an economy. Such a model is capable of capturing not only the direct effects based on 

the carbon intensity of inputs used in production, but also the sum of all the indirect effects based 

on the carbon intensity of all the secondary, tertiary, and higher-order inputs to production (i.e., 

the inputs to the inputs to the inputs, etc.)52. 

The IO Model assumes the following:  

1) Labor and capital markets are perfectly competitive. 

2) Production functions are fixed, which precludes any factor substitution in response to high-

er (or lower) input prices. Because of this assumption, the results from these models can 

only be interpreted as the short-run, first-order effects of a carbon pricing policy.  

However, Leontief’s original model does not consider conditions of market adjustment and 

assumes that the sectors automatically decide the rise in prices based on their costs. Therefore, 

studies extend the proxies in the traditional IO model to match their research purposes. For 

instance, Tarancon and Del Rio (2012) employ different input-output techniques applied to energy-

related carbon emissions to identify the transactions between sectors that have the greatest 

impact on emissions. Choi et al. (2016) extend the traditional IO model by proposing a sequential 

IO model to analyse the economic and environmental effects of gas taxes and fuel subsidies. 

II.1 United States  

In Choi et al. (2010)’s research, they proposed a methodology based on an intersectoral approach 

to analyse a CO2 tax in the United States. This approach uses several equations sequentially, 

based on the input-output model combining economic data with the physical flows of fossil fuels, 

the consumption of natural resources and the emissions for each economic sector. 

II.2 Spain  

Labandeira and Labeaga (1999) explore the effects of a tax levied on Spanish energy-related CO2 

emissions, employing an input–output demand model. They find a limited short-run reaction to the 

carbon tax, hampering its environmental success. However, the carbon tax burden is significant 

with a proportional distribution across households. 

Gemechu et al. (2014) investigate the direct and indirect effects of CO2 taxation on Spanish 

products, using environmental input-output (EIO) and price models. They find that, in general, the 

environmental and economic goals cannot both be met at the same time through environmental 

 

51 Perese, 2010  
52 Perese, 2010 

https://www.sciencedirect.com/science/article/pii/S0360544211004749
https://www.sciencedirect.com/science/article/pii/S0306261916306274
https://www.researchgate.net/publication/222248883_Effects_of_a_carbon_price_in_the_US_on_economic_sectors_resource_use_and_emissions_An_input-output_approach
https://www.scopus.com/record/display.uri?eid=2-s2.0-0000960960&origin=inward&featureToggles=FEATURE_NEW_DOC_DETAILS_EXPORT:1,FEATURE_EXPORT_REDESIGN:0
https://www.sciencedirect.com/science/article/pii/S0140988316301931
https://www.cbo.gov/sites/default/files/111th-congress-2009-2010/workingpaper/2010-04-io_model_paper_0.pdf
https://www.cbo.gov/sites/default/files/111th-congress-2009-2010/workingpaper/2010-04-io_model_paper_0.pdf
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taxation, unless there is a way in which the public revenues could be used to compensate those 

who are negatively affected by the tax.  

II.3 China  

In journals that carry out ex-ante evaluations, the input-output approach allows the identification 

of interdependencies between different sectors of the economy. This intersectoral method is 

important because the electricity sector is key to the economic development of countries, due both 

to its strategic importance and to its impact on the economy.  

Liu et al. (2009) evaluated how energy policies impact producer prices, consumer prices and the 

income of rural and urban households. They concluded that improvements in energy efficiency and 

increase in energy prices allow several economic and energy goals to be achieved. 

Guo et al. (2012) used a multi-regional input–output model to analyse China's carbon emissions 

embodied in international and interprovincial trade from the provincial perspective. 

Meng et al. (2014) identified the sectors and economic regions in China with larger electricity-

saving potential based on an input-out analysis.  

Chen et al. (2015) used a multiregional input-output model at the provincial level in China to 

evaluate a Pigouvian tax53 to correct the externality of CO2 emissions from coal usage. 

Moreover, the IO model is employed in the distributional household impact, especially when it 

comes to estimating the poverty disparity in rural and urban areas: 

Brenner et al. (2007) find that the introduction of carbon charges on the use of fossil fuels in China 

would have a progressive impact on income distribution.  

Sun and Ueta (2011) examine the scenario presented in a report on the necessity and feasibility of 

imposing carbon taxes in China and measure the potential distributional impacts of carbon tax. 

They find that a carbon tax would be regressive in urban areas, but progressive in rural areas. 

Wang et al. (2011) provide a detailed analysis of short-term impacts of carbon tax on sectoral 

competitiveness, based on the Chinese 2007 input–output table. They find that a high tax level 

(100yuan/tCO2) may necessitate compensatory measures for certain highly affected industries, 

and that a low tax rate (10yuan/tCO2) would generate few competitiveness problems for all 

industries. 

Liang et al. (2013) find that a carbon tax could have a weakly progressive effect within the rural 

areas and would widen the income and welfare gap between urban and rural households, and 

within urban groups.  

 

53 A Pigouvian tax is a fee paid by the polluter per unit of pollution and is set to be exactly equal to the aggregate marginal damage caused by 

the pollution (Kolstad, 2000). 

https://www.sciencedirect.com/science/article/pii/S0301421509002651
https://www.sciencedirect.com/science/article/pii/S030142151101007X
https://www.sciencedirect.com/science/article/pii/S0360544214006938
https://www.sciencedirect.com/science/article/pii/S0306261915008247
https://www.sciencedirect.com/science/article/pii/S0301421506001996
https://www.jstor.org/stable/43213407
https://www.sciencedirect.com/science/article/pii/S030142151100303X
https://www.jstor.org/stable/43735234
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.521.6945&rep=rep1&type=pdf
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Jiang and Shao (2014) take Shanghai as a case study and estimate the distributional effects of a 

carbon tax on households across various income groups by using an input–output model and the 

Suits index, an index based on the principle of the concentration curve and widely adopted to 

examine the progressivity or regressivity of taxes. Their results indicate that the comprehensive 

distributional effect of the carbon tax is regressive.  

II.4 Brazil  

da Silva Freitas et al. (2016) investigate the impact of a policy of taxing GHG emissions on the 

Brazilian economy as a whole and on different household groups based on income levels in 2009, 

also using an input-output model. Their main results show that, for Brazil, the taxation system was 

slightly regressive and had a small negative impact on output but generated significant emission 

reductions.  

II.5 Mexico  

Renner (2018) explores the Mexican welfare effects of different carbon tax rates on the income 

distribution by simulating an input-output model coupled with household survey data. The results 

indicate that higher simulated tax rates show a slight progressivity, but welfare losses remain 

moderate, and by widening the tax base to include natural gas and the other greenhouse gases, 

welfare losses regressivity and poverty rise more. 

II.6 Multi-national Studies in Latin American Countries (Brazil, Mexico, and Chile) 

Cristian and Nicolas (2018) facilitate the Leontief pricing model and develop their new input-output 

model in an environmental extension. They define a Leontief pricing model merely used to 

measure economy operates (technical relations of production and primary costs), but their 

environmental extension of the input-output model is utilised to measure total CO2 emissions 

generated by the production of an economic sector, consisting of direct emissions from that sector 

and indirect emissions produced by other sectors that are required as inputs by the first sector. 

The objective is to simulate a carbon tax’s effects in three Latin American countries. Their results 

show that the decrease in emissions would be approximately 4% for Brazil, and 36–47% for 

Mexico and Chile, as well as a reduction of economic sectors under the highest tax scenario. 

II.6.1 The European Union 

Rocchi et al. (2014) applied a multiregional input-output model to evaluate the effect of an energy 

tax on prices in different sectors of the 27 countries subject to the European Energy Tax Directive 

(ETD). Their simulation results indicate that the new energy tax regime would not have had a 

strong and wide impact on prices: the tax increase would have caused a price variation greater 

than 0.50% only for a few sectors in a few countries; expressing the price changes through a 

consumer price index, the effect of the reform would have been even weaker. 

https://www.sciencedirect.com/science/article/pii/S0301421514003772
https://www.sciencedirect.com/science/article/pii/S0140988316301931
https://www.sciencedirect.com/science/article/pii/S0301421517306341
https://www.sciencedirect.com/science/article/pii/S0301421517308169?casa_token=FoCnucIuceIAAAAA:vfCgS82lUdGj9_OVkyUHRpTmHZdY-H-ISoy2J_Wheyq9tD2R6u_U-4NckGWpTGK2x6xX0XzUlQ
https://www.sciencedirect.com/science/article/pii/S0301421514005138
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II.6.2 Cross-border Effect  

Zhang et al. (2017a) discussed the environmental effects of global production fragmentation using 

a multi-regional input-output analysis. Their results show that international trade corresponds to 

negative balances of avoided emissions over 1995–2009. In the absence of international trade, 

global carbon emissions would increase by 822.61 million tons in 2009, even though international 

trade became less environmentally friendly after the shock of the economic crisis in 2008. The 

trade in final products became increasingly less environmentally effective for 1997–2009 because 

downstream production gradually shifted to developing countries with higher carbon intensities, 

such as China. From a bilateral perspective, the largest net carbon flow is from China to the USA 

through the trade in final products, which corresponds to a positive balance of avoided emissions. 

Zhang et al. (2017b) focused on border-crossing frequencies of carbon footprints and showed its 

impact on the effectiveness of climate regulations. Building on 2017a, they found that the 

implementation of carbon tariffs faces the problem of multiple taxation. They illustrate that the 

multiple taxation problem of carbon tariffs would become increasingly serous with an increase in 

the number of countries adopting border carbon adjustments because carbon emissions embodied 

in intermediate traded products may be targeted by border carbon adjustments of different 

countries. Thus, this significant study highlights the policy implication of the concept of border-

crossing frequencies of carbon footprints. 

Zhang and Zhu (2017) traced carbon transfer along cross-border supply chains of the United 

States and the European Union. They find that the border carbon rebates reduce production costs, 

and the consumers of the exported products benefit from the lower price level. Their calculation 

shows the largest share of the rebate revenue received by the consumers of China. China has 

close economic links with the United States and the European Union. Frequent trade flows 

determine that the rebate revenue received by consumers in China is more sensitive to the border-

crossing frequency associated with carbon footprints. 

III. Computable General Equilibrium (CGE) Model 

III.1 South Africa 

Van Heerden et al. (2006) first constructed the South African CGE model to find the potential for a 

double or triple dividend if revenues from energy-related environmental taxes are recycled to 

households by reducing existing taxes. They find a triple dividend – reduced poverty, decreased 

emissions and increased economic growth – when any of the simulated environmental taxes is 

recycled through a reduction in food prices. 

https://www.sciencedirect.com/science/article/pii/S0140988317300737
https://www.sciencedirect.com/science/article/pii/S014098831730124X
https://www.sciencedirect.com/science/article/pii/S0301421517308169?casa_token=FoCnucIuceIAAAAA:vfCgS82lUdGj9_OVkyUHRpTmHZdY-H-ISoy2J_Wheyq9tD2R6u_U-4NckGWpTGK2x6xX0XzUlQ#bib32
https://www.jstor.org/stable/23297022
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III.2 China  

Liu et al. (2018) established a CGE model for Saskatchewan, Canada to quantify the inter-

relationships of the carbon tax, GHG emission reduction, and economic growth. The results 

showed that the GDP decline was mainly caused by consumption reduction and import increases.  

Based on an improved two-region CGE model, Li et al. (2018) found that the highest carbon tax of 

221 USD/ton-CO2 in Liaoning province will lead to a carbon reduction of 44.92% at a cost of 

5.54% of GDP loss in 2030.  

Based on the simulation results of a CGE mode of China, Lin and Jia (2018) suggested that the 

government should impose a higher carbon tax on energy sectors. That is because such a tax 

could maximise emissions reductions and have small effects on GDP.  

III.3 British Columbia & Australia  

To estimate the effects of carbon tax on GDP in British Columbia, Bernard et al. (2018) set the tax 

rate from $10/t-CO2 to $30/t-CO2 in the period of 2008–2017 with the modelling strategy, and 

they found that the effects on GDP were not significant.  

In Australia, Meng et al. (2015) reported that in 2004–2005, a carbon tax rate of $23/t-CO2 could 

lead to a 12% reduction in carbon emissions and cause a slight economic contraction. 

III.4 Multinational scale 

At the national scale, more research has been performed. For example, Wissema and Dellink 

(2007) found that a carbon tax of 10–15 euro/t-CO2 would cause CO2 emissions to drop by 25.8% 

compared with the 1998 figure in Ireland, while the social welfare would fall.  

Zhang et al. (2016) developed a new multi-country CGE model to evaluate the impact of a carbon 

tax and combined policy mixes, and demonstrated that policy mixes could benefit both economic 

efficiency and emission performance better than a carbon tax.  

By using a new dataset on carbon tax rates (including 25 countries around the world), Metcalf and 

Stock (2020) estimated the macro-economic tax’s impacts on GDP and employment growth rates 

for various specifications and samples with CGE model, and suggested that there were no negative 

impacts. 

IV. Environmental Dynamic Stochastic General Equilibrium (E-DSGE) Model 

The E-DSGE model concept is first proposed by Fischer and Springborn (2011) and Heutel (2012). 

The model serves as an extension of the DSGE model that is a standard tool in the macroeconomic 

literature. The terminology ‘E-DSGE’ was first introduced by Khan et al. (2019). Most studies utilise 

the E-DSGE model for the following reasons:  

https://www.sciencedirect.com/science/article/pii/S0360544218312283
https://www.sciencedirect.com/science/article/pii/S0301421517307218
https://www.sciencedirect.com/science/article/pii/S0360544218312325
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3283220#:~:text=We%20conclude%20that%20there%20is,with%20and%20without%20carbon%20tax.
http://www.ijssh.org/papers/510-B004.pdf
https://www.sciencedirect.com/science/article/pii/S0921800906004599
https://www.sciencedirect.com/science/article/pii/S0921800906004599
https://www.sciencedirect.com/science/article/pii/S0959652616319230
https://www.sciencedirect.com/topics/engineering/performance-and-emissions
https://www.aeaweb.org/articles?id=10.1257/pandp.20201081
https://www.aeaweb.org/articles?id=10.1257/pandp.20201081
https://www.sciencedirect.com/science/article/pii/S0095069611000969
https://www.sciencedirect.com/science/article/pii/S1094202511000238
https://www.sciencedirect.com/science/article/pii/S0164070418302246
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1) The E-DSGE model predicting the intertemporal decisions of firms and households is dy-

namic and forward-looking. Hence, the time-varying optimal carbon tax rates can only be 

solved by the W-DSGE model.  

2) Shocks from different sources are incorporated in the E-DSGE model, and therefore the op-

timal carbon tax rate can be solved conditional on the realizations of different shocks. 

Therefore, the E-DSGE model might be more favorable because the CGE model cannot 

show the economic shocks.  

3) The E-DSGE model performs better in dealing with the dynamics and uncertainties of the 

economy to analyse the role of a carbon tax in the presence of multiple sources of macroe-

conomic uncertainty (such as tourism under the pandemic54). 

IV.1 United States 

Firstly, Annicchiarico and Di Dio (2015) and Heutel (2012) show that the optimal carbon tax rate 

should be procyclical: it should increase during economic booms and decrease during busts. 

Hence, it is expected that the optimal climate policy which is jointly decided by the countries 

should depend on the economic environment of each country, especially for the countries whose 

business cycles are less synchronised. In this regard, this paper determines the optimal carbon tax 

rates in an international environmental agreement for countries that have different economic 

conditions.  

However, the flaw in these two studies is that they only focus on shock transmission across the 

countries and do not solve for the optimal climate policy in their model. Both studies solve the 

problem solely in a one-sector setting and do not solve for the optimal carbon tax rate in response 

to international shocks or the shocks from another country. 

Consequently, Chan (2020) extends Annicchiarico and Di Dio (2015) by presenting a two-sector 

environmental dynamics stochastic general equilibrium (EDSGE) model.  

1) On the household side, each country is populated by a continuum of identical house-

holds, each of which derives its utility from consumption and leisure and makes dynamic 

consumption and saving decisions.  

2) On the production side, the final output is made of capital, labor, and energy. Capital 

and labor are supplied by the household, while energy is imported, with the energy price 

that is exogenously determined. The final good, whose market is perfectly competitive, is 

composed of a continuum of intermediate goods. The intermediate goods market is mo-

nopolistic-competitive. For the environmental setting, Chan (2020) assumes that CO2 is 

emitted during the production process. The CO2 emissions stock, which is accumulated by 

the CO2 emissions in both countries, would reduce firms’ productivity. The government (in 

 

54 Cao et al.,2021 
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each country) can levy a carbon tax rate to mitigate the CO2 emissions. If a carbon tax is 

levied in a country, the intermediate good firms can abate their CO2 emissions by exerting 

an abatement effort which would incur an abatement cost.  

Dissou and Karnizova (2016) propose a two-sector E-DSGE model and note the importance of the 

shocks arising from the energy sector in the US. They found no significant difference between the 

cap and the tax regimes when shocks come from non-energy sectors. In contrast, the cap has 

lower volatility but higher welfare costs than the tax for the shocks to energy production. 

IV.2 China 

Chan (2020) considered the impacts of international environmental agreements and used the 

EDSGE model to determine the optimal carbon tax rates for countries that were with and without 

an agreement, focusing on the Ramsey problems that allow social planners to choose all the 

endogenous variables in order to maximise the social welfare of the economy. 

Cao et al. (2021) extended Dissou and Kamizoya (2016)’s methodology and applied a multi-sector 

E-DSGE Model to show that the output and carbon emissions vary significantly across tourism 

sectors in response to productivity and carbon tax shocks. They found that an increase in the 

carbon tax rate leads to a rise in the marginal cost of tourism sectors, which suppresses the 

production of tourism sectors and in turn reduces output. 

V. Quadratic Almost Ideal Demand System (QUAIDS) Model 

V.1 Sweden 

Brannlund and Nordstrom (2004) use a QUAIDS model to observe that the poorest and richest 

households experience a welfare loss of 0.52% and 0.33% of their disposable income, 

respectively. The regressive nature of CO2 taxes in both studies can be explained by two factors:  

1) CO2 intensities vary strongly between consumption goods, with food and transport being 

highly CO2-intensive, and services and financial transfers being at the other end of the 

scale. 

2) Low-income cohorts mainly consume carbon-intensive necessities, while high-income co-

horts spend a large part of their income on “luxury” items that have a higher service com-

ponent. 

V.2 Brazil 

Moz-Christofoletti and Pereda (2021) analyse the effectiveness of implementing an economy-wide 

carbon tax as an option among carbon pricing mechanisms, given that tax system reform is a top 

priority for the current Brazilian government. Their results indicate that a carbon tax tends to be 

regressive by causing welfare losses of 0.06% and 0.10% in relation to total expenditures for 

richest and poorest households, respectively. Low-income households are less price-responsive for 

https://www.sciencedirect.com/science/article/pii/S0959652620304996#bib12
https://www.sciencedirect.com/science/article/pii/S0959652620304996
https://www.sciencedirect.com/science/article/pii/S1447677021001881
https://www.sciencedirect.com/science/article/pii/S0014292102002635
https://www.sciencedirect.com/science/article/pii/S0921800921000033#bb0045
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the majority of carbon intensive categories, thus, they suffer a larger relative welfare loss due to 

the carbon tax. They are also more likely to suffer from a larger relative indirect effect of food and 

beverages and housing-related consumption, which accounts for a greater budget share of these 

households. Significant changes in total GHG emissions would require a higher tax rate, which 

would reinforce the repressiveness of the policy.  

V.3 South Africa  

Banks et al. (1997) first introduced the idea when evaluating the distributional and welfare impacts 

of carbon taxation in South Africa. Using South African household survey data with about 73,000 

observations and five expenditure categories – electricity, motor fuels, public transport, food, and 

other goods – income and price elasticities are derived. The elasticities were then used to simulate 

the effects of energy price changes on South African households.   

V.4 Mexico  

Rosas-Flores et al. (2017) and Renner et al. (2018) use the QUAIDS model to study the effect of 

environment taxes on Mexican households. They find that a tax on electricity, gas and transport is 

regressive while a tax on gasoline and motor fuel is progressive.  

More specifically, the analysis of the emission implications of different tax scenarios indicates that 

short-run emission reductions at the household level can be substantial - though the effects 

depend on how the revenue is recycled. This effectiveness, combined with moderate and 

manageable adverse distributional impacts, renders the carbon tax a preferred mitigation 

instrument. Considering the large effect of food price increases on poverty and the limited 

additional emission-saving potential, the inclusion of CH4 and N2O in a carbon tax regime is not 

advisable. 

VI. The Global Change Assessment Model (GCAM) 

The model operates in five-year time steps from 1990 to 2100 and comprises 32 regions of the 

world. Primary energy reserves are based on Rogner (1997) and energy resources are assumed to 

be fairly abundant which, along with assumed technological progress, results in lower growth in 

extraction cost due to resource depletion. Substitution across energy types in production is driven 

by relative cost differences, and a logit formulation is employed to avoid a winner-take-all result. 

VI.1 United Kingdom 

Barrage (2020) characterised the optimal climate policy in suboptimal fiscal settings where income 

taxes were constrained to remain at their observed levels and established a theoretical relationship 

between the optimal taxation levels of carbon and of capital income.  

https://www.cemmap.ac.uk/wp-content/legacy/forms/blundell_paper3.pdf
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VII. IMF-ENV Model55 

The IMF-ENV model is utilised to analyse the economic effects of climate policy options in a CGE 

perspective. This model allows simulation of impacts of climate mitigation policies on emissions, 

macroeconomic variables, sectoral outcomes, and trade. The model is based on a neo-classical 

framework, dealing only with real values and with almost perfect markets for commodities and 

production factors.  

For instance, the standard representation of electricity supply in each region 𝑟𝑟 in the IMF-ENV 

model assumes that a representative electricity provider chooses an optimal mix of electricity 

generation across electricity generation technologies a = {solar, hydro, nuclear, wind, other 

renewables, oil power, gas power, coal power}: 

 

where the supply of electricity 𝑋𝑒𝑙𝑦 is a combination of 𝑋𝑇𝐷, the demand for electricity transmission 

and distribution services, and the demand for power 𝑋𝑝𝑜𝑤 . Electricity generation 𝑋𝑝𝑜𝑤  is a 

combination of electricity generation from various primary energy sources. X(a).p(a) is the 

production cost by type of electricity generation technology, in USD per kilowatt hour. The 

production function 𝐹 (. ) is a nested CES function of electricity generated by the various primary 

energy sources a. 
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