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Research Background

• China's emissions trading system (ETS) is the world's largest by 
emissions volume coverage and was first established in an 
emerging economy 
• National + 7 regional pilots

• The national market is estimated to cover 5 billion tCO2e as of 2023 

• China’s ETS applies a salient two-stage emissions intensity-based 
compliance allowance allocation scheme, different from the “cap-
and-trade” scheme prevalent in the developed economies



Research Questions

• The real effects of China’s emissions trading program on capital 
investment, R&D, and employment decisions
• The implications for output, profit, productivity, and operating 

efficiency
• The interactions with state ownership, industry heterogeneity, and 

region disparity



Institutional Backgrounds

• China has chosen ETS over carbon taxation as the primary policy 
tool
• Weak legal framework, regional disparity, industrial heterogeneity, and 

continuously evolving climate/industry policies (Duan and Zhou, 2017; Goulder 
et al., 2017; Karplus and Zhang, 2017) 

• Market-based carbon pricing gives greater autonomy for firms in 
determining how to achieve the emissions target

• The implementation has followed a learning-by-doing approach 
• 7 regional pilot programs (East: Beijing, Shanghai, Tianjin; South: Guangdong, 

Shenzhen; Central: Hubei; West: Chongqing) were established in 2013-2014  

• The national program was launched in 2021



Institutional Backgrounds: Industry Coverage

• Regional pilots
• Energy-intensive sectors: power, petrochemicals, chemicals, iron and steel, 

nonferrous metals, construction materials, paper, and civil aviation
• Reflecting regional characteristics, e.g., seaports and airports in Shanghai; hotels 

and hospitals in Beijing

• The national market
• Long-term scope: the energy-intensive sectors, over 7000 entities, and 70% of 

China’s carbon emissions
• Current (initial) coverage: 2162 entities with annual emissions over 26,000 tCO2e 

in the power sector 
• The Ministry of Ecology and Environment (MEE) has required firms in the other 7 

sectors with annual emissions exceeding 26,000 tCO2e to report carbon 
emissions in 2021



Institutional Backgrounds: Allowance Allocation

• Two-stage allowance allocation scheme:
• Firms first receive a fraction (typically 60-70%）of the allowance 

benchmarked to historical emissions, following the “grandfather” rule
• Firms obtain the rest of the allowance based on the actual production at 

the end of the compliance period

• Effectively intensity-based (carbon per unit of output) allocation 
constitutes an output subsidy (Goulder and Morgenstern, 2018; Goulder 
et al. 2022)

• Policymakers have hinted that China will switch to the emissions-
based allowance allocation scheme when the ETS becomes more 
mature



Institutional Backgrounds: Auction and Trading

• In the regional markets, nearly 95% of the emissions allowances 
are allocated for free, and 3% to 10% of the budgeted allowances 
are reserved for auction
• Allowances are currently allocated for free in the national market. 

It has been announced that auctions will be introduced and 
gradually expanded, but there is no specific timeline
• The average price in the national ETS was about USD 10 per 

tCO2e in 2023
• Korea ETS (USD 8) and Tokyo C&T (USD 5) 

• European Union ETS (USD 90) and California C&T (USD 33)



Institutional Backgrounds: MRV and Penalty
• Monitoring, reporting, and verifying (MRV) emissions have been a 

significant challenge (Zhang et al., 2019)
• The MEE has been amending the MRV guidelines and technical specifications 

for the national ETS every year 

• Provincial-level ecological and environmental authorities are responsible for 
the verification of the emissions reports 

• Penalties for violations have been increased but are still lenient 
• Fines for failing to submit a report have increased from CNY 10,000-30,000 

(USD 1,411-4,234) to CNY 50,000-200,000 (USD 7,058-28,232) 

• Fines for compliance failure have increased from CNY 20,000-30,000 (USD 
2,822-4,234) to five to ten times the market value of the exceeded emissions 

• Borrowing from future compliance periods is permitted (with a flavor 
of carbon credit)



Empirical Methodology

• The baseline DiD model:

Decision/Performancei,t = βETSi,t + γControlsi,t + ϵi,t

• Decisions: capital expenditure, R&D, number of employee, wage

• Performance: revenue, EBITDA, TFP, revenue per capita, Tobin’s Q, 
ROA

• Control variables: size, age, leverage, cash, tangibility, past growth, 
BM, stock returns, stock return volatility + the dependent variable 
lagged by one period + firm and year fixed effects

• The level variables are CPI-adjusted



Data

• Compliance entities include listed firms or their subsidiaries or 
holding companies in the pilot and national markets. Manually 
matched the compliance entities to the listed firms.
• Treated firms: the listed firms if themselves, or their subsidiaries or 

holding companies are covered by the ETS (regional or national) at time t
• Control firms: listed firms not covered by the ETS at time t

• The final sample contains 28,797 firm-ETS-year observations from 
3,796 individual firms in 2009-2021, among which 510 compliance 
firms provide 2,459 observations.



Key Findings

• Compliance firms invested 
additionally in capital 
assets, more prominent for 
state-owned enterprises 
(SOEs)

• R&D is not significantly 
correlated with ETS 
coverage after controlling 
the previous year’s R&D



Key Findings

• Compliance firms 
hired more workers

• No significant 
differences between 
the wages of 
compliance firms and 
non-compliance 
counterparts



Key Findings

• The percentage of 
low-skilled workers is 
positively correlated 
with ETS coverage, 
while the percentage 
of high-skilled 
workers is negatively 
correlated, implying a 
workforce structure 
adjustment



Key Findings

• Production output 
and profit are not 
significantly 
correlated with ETS 
coverage



Key Findings

• Compliance firms 
exhibit higher 
profitability (ROA) but 
no differences in TFP, 
revenue per capita, and 
Tobin’s Q

• ETS coverage harms the 
SOEs’ profitability



Key Findings (continued)

• Different sectors exhibit 
different patterns
• Additional investment 

and hiring largely 
happened in the power 
and manufacturing 
sectors

• Firms in the 
transportation sector 
only trimmed R&D and 
wages

• Real estate firms 
boosted outputs and 
TFP



Key Findings
• Different markets

• Firms covered by both the 
national and regional
programs reduced hiring 
and wages but boosted 
R&D

• Compliance firms only 
covered by the regional 
markets boosted 
investment and hiring

• Stronger commitment in 
South China (Guangdong 
and Shenzhen), followed by 
East China (Beijing, Shanghai, 
and Tianjin), but weak in 
less developed Central 
and West China (Hubei and 
Chongqing)



Takeaway

• China’s ETS is in an early and developing stage 
• Free allowances
• Lenient intensity-based emissions allowance allocation scheme
• Monitoring, reporting, and verifying framework under development
• Light penalties

• The ETS has evoked firms’ climate awareness and stimulated real 
actions (Duan and Zhou, 2017)
• No adverse shocks to output, profit, productivity, and efficiency

• State ownership tends to reinforce the ETS effects
• Heterogenous effects across sectors and regions
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