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Background: China’s potential new carbon regulation

 Historical carbon control mechanisms in China

« China has set provincial targets to reduce energy and CO, intensity since the 12th Five Year
Plan (FYP, 2011-2015).

 Recent policies

« China has announced a shift from “dual control” of total energy consumption and energy
intensity to “dual control” of total carbon emissions and carbon intensity. (China State Council, 2024)

« China’s national emissions trading system (ETS) launched in 2021, which may cover power
sector and eight energy-intensive sectors by 2030. (zZhang et al., 2021)

» Adopt a partitioned carbon regulation mechanism similar to the European Union (EU)’s approach?
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Xinjiang
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Non-ETS sectors, controlled by provincial targets ETS-sectors



Background: ETS’s impact on air quality

« Spatial transfer of co-emitted air pollutants induced by implementation of an ETS

 In theroy, carbon markets may induce the transition of air pollutants and reduce the
benefits. (Mendelsohn 1986, Tietenberg 1995; Farber 2012; Muller and Mendelsohn 2009;

Henry et al 2011)

« The EU ETS and California’s ETS may exacerbate air pollution inequality. (Anderson et al
2018; Cushing et al 2018; Hernandez-Cortes and Meng 2023; Stuhimacher et al 2019)

« Serious air pollution problems and induced health burden in China

« China remains to be among the countries with the highest levels of PM, s and ozone
concentrations (Van Donkelaar et al 2021, Lyu et al 2023) . Premature deaths attributed to
air pollution in China are estimated to be 1.2 million people in 2017. (Yin et al., 2020)

« China has launched the “Beautiful China” initiative for achieving significant improvements
in air quality in 2035. (Xinhua News Agency 2024)



Objective

Limitations in exsiting literature:

 Ignoring potential partitioned carbon regulation mechanism in the context of China (zhang et al.,
2013; Cui et al., 2014; Fan et al., 2016)

« Lacking the assessment of air pollutants transfer under ETS with atmospheric chemical transport
models. (Zhang and Zhang 2020; He et al., 2022)

What are the economic and air quality impacts of China’s carbon policy under three different
carbon control mechanisms with the same total national CO, emissions constraint in 2035?

» Estimate the economic benefits of different carbon control mechanisms
« Estimate the air quality and health impacts of the spatial transfer of co-emitted air pollutants

« Conduct cost-benefit analysis of different carbon control mechanisms



Integrated assessment framework

« Capture the relationship between energy consumption, pollutant emissions, air quality, and human health
« Simulate the health losses or gains to populations in different regions of China resulting from climate policies
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C-REM : China Regional Energy Model (Version 4)

A multi-region, multi-sector, recursive dynamic CGE model

« Aglobal CGE model resolves China’s economy and energy system at the provincial level
» Updated with GTAP11 and 2017 provincial I-O data

« 20 production sectors and 2 consumption sectors

* Include renewable electricity production and carbon capture and storage technologies
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Other modules

Emission inventory: Chinese emission inventory (MEIC)

Atmospheric chemistry transport model: GEOS-Chem version 14.0.0

Evaluation of premature deaths:

 PM,s: MRBRT (meta-regression—Bayesian regularized trimmed) concentration-response
function (CRF) (Global Burden of Disease Collaborative Network, 2021)

* Ozone: log-linear CRF (Murray et al. 2020)
« Consider the uncertainty of concentration-response fuctions

Deaths valuation:

« Adopt the age-adjusted value of Value of Statistical Life (VSL), according to expected
lifetime and welfare distribution (Yin et al. 2021)

« Consider the uncertainty of the values of VSL



Scenario design

Scenario Total CO, Initial ETS allowance Provincial control

- ETS coverage _ ETS emissions cap
name emissions allocation targets

Set provincial targets

PRO_CAP for total emissions

(provincial None None None according to five groups

control) of carbon intensity
reduction rates

8.9 Gt (implied by

_ 5.9 Gt (equal to the Set provincial targets
PART_REG carbon neutrality

Equal to the resulting resulting total emissions for non-ETS emissions

(= e B scenario in Zhang et Power and eight
_ sectoral emissions in of power and eight equal to the sum of the
carbon al (2022)) industry sectors
PRO_CAP industry sectors in non-ETS emissions in
regulation)
PRO_CAP) PRO_CAP
FULL_ETS Equal to the resulting
(full ETS All sectors sectoral emissions in 8.9 Gt None

coverage) PRO_CAP




Results: Impact on emissions

CO,

(a) CO,: PRO_CAP emissions (b) CO,: PART REG - PRO_CAP (¢) CO,: FULL_ETS - PRO_CAP

A north-to-south transfer of
CO, emissions in
PART REG and FULL_ETS.

* Lower marginal
abatement cost in
northeast provinces

« Less stringent reduction
targets in northeast
provinces in PRO_CAP

The spatial distribution of the
percentage changes in SO,
and NOx is similar to that in
CO, emissions, due to the
co-emitted nature of these
species.



Results: Impact on air quality

Under PART_REG and FULL_ETS scenarios:
 PM, ; decreases in northern China and increases in central and southern China.
« Changes in ozone concentration show a similar pattern.
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Results: Impact on premature deaths

* Provincial distribution: Premature deaths due to air pollution increase in central and southern
China and decrease in northern China under PART_REG and FULL_ETS.

« National level: National premature deaths increase by ~32,700 under PART_REG, and ~44,800
under FULL_ETS.
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Results: Cost-benefit analysis

Net

benefit

(a) AWelfare: PART REG

National:
18.9 (0.12%)

National:
12.3

(e) Net benefits: PART REG

National:

6.6 ’ No Data

(b) AWelfare: FULL_ETS

National:
22.3 (0.15%)

National:
16.9

(f) Net benefits: FULL_ETS

National:
5.4

Changes in the welfare, health damage, and net benefit

National PART_REG FULL_ETS
change (billion USD) (billion USD)
Welfare 18.9 22.3
Health damage 12.3 16.9
Net benefit 6.6 5.4

Results of cost-benefit analysis

The national welfare increases from carbon
emission trading.

The national health damage increases, but
only offsets part of the increased welfare.

Regional pattern:

* Net positive impact: northern and
southeastern coastal provinces

* Net negative impact: some central and

eastern provinces 12



Results: Uncertainties in CRF and VSL selection

Costs and benefits (billion US$)

PART REG scenario consistently demonstrates positive net benefits except under extreme cases.
FULL_ETS scenario may result in negative net benefits when adopting the high VSL value.
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Summary

« Employ an integrated modeling framework to compare the economic impacts and health
outcomes associated with PM, ; and ozone

« Compare three carbon control mechanisms with the same target for national total carbon emissions
in 2035

« The partitioned carbon regulation mechanism achieves 85% of the welfare improvement
observed under an ideal mechanism with comprehensive ETS coverage.

« The ETS induces a transfer of CO, and co-emitted air pollutant emissions from northern
to southern China compared to the provincial control mechanism

« When accounting for health impact transfers, the ETS remains cost-effective at the national
scale compared to provincial control mechanisms, particularly under the partitioned control
mechanism.

* The northern and southeastern coastal provinces experience net positive benefits, while the
central provinces face net negative impacts.

« Policy implication: The partitioned carbon regulation mechanism is a valuable option for China,
while additional policies may be needed to ensure a more equitable distribution of impacts. 14
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Scenario design (Appendix)

Group division of China’s provinces for CO, intensity target setting

Group Provinces
1 Beijing, Tianjin, Hebei, Shanghai, Jiangsu, Zhejiang, Shandong, Guangdong
2 Fujian, Jiangxi, Henan, Hubei, Chongqing, Sichuan, Shaanxi
3 Shanxi, Liaoning, Jilin, Anhui, Hunan, Guizhou, Yunnan
4 Inner Mongolia, Heilongjiang, Guangxi, Gansu
5 Hainan, Qinghai, Ningxia, Xinjiang

The CO, emission intensity reduction target during each period for each group in the PRO_CAP scenario.

Period
Group
2021-2025 2026-2030 2031-2035
1 22.0% 24.5% 30.5%

2 21.0% 23.5% 29.5%
3 20.0% 22.5% 28.5%
4 18.0% 20.5% 26.5%
5 14.0% 16.5% 22.5%
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