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Motivation

Motivation Questions
• What are the direct and indirect effects of an external shock on SLEs?
• How do SLEs adapt and adjust their behavior correspondingly?
• Extreme weather events ⇔ Environmental Regulations

• sharp/gradual variables ⇔ cleaner identification
Research Gap

• SLEs → more attention on subsidies (positive shock) (Wang et al., 2020)

• Environment Regulation → less attention on SLEs (Chen et al., forthcoming)

• Both → lack of analysis on intensive margin (Li et al., 2022)
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Literature
the Development of SLEs

• the challenges under the COVID (Zhu et al., 2020)

• incentives from tax cuts (Wang et al., 2020, Li, 2021, Feng et al., 2023)

• improve financing by tax credit bank loans (Yang et al., 2021)

• micro finance/credits/insurance for SLEs in low-income countries
(Angelucci et al., 2015, Attanasio et al., 2015, Banerjee et al., 2015a,b, Blattman et al., 2016, Brooks et al., 2018,

Bruhn et al., 2018, De Mel et al., 2008, Field et al., 2013, Meager, 2019, Groh and McKenzie, 2016)

the Effects of Environment Regulations (on firms)
• water quality standards: reduced TFP of upstream firms (He et al., 2020)

• air pollution control: upgrade production technology and lower labor
demand (Liu et al., 2021)

• pollution fee collection: private firms contribute more (Cai et al., 2016)

• energy conservation program: regulated firms shifted production (Chen

et al., forthcoming)

the Adaptation Behavior under External Shock
• rural households (Cui and Tang, 2024, Lane, 2024)

• firms’ production networks (Barrot and Sauvagnat, 2016) 4 / 28
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Background: About the SLEs in China
Large Contribution

• Main body of market-based economy
• 81.56 million (including self-employed households)
• more than 96.5% of total enterprises (Sep. 2024)

• Highly active (“blood capillary”)
• “56789”

• 50% of tax revenue, 60% of GDP, 70% of technological innovation
• 80% of urban employment: each small enterprise can create

employment for 7 to 8 people
• employees reported for payroll increase at 7.6% annually

• faster than large (4.1%) and medium (2.4%) enterprises
• Targeted Policies

• tax refunds and reductions and fee cuts
• deferred payment of social insurance premiums
• open and smooth logistics services (COVID)

Source: The State Council of PRC (1, 2) and National Bureau of Statistics.
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Background: About the SLEs in China
Low Sustainability

• Short life-span
• 3 years (probability of SLEs still operating normally 3 years after

registration is only 1/3)
• 8 years (the US), 12 years (Japan)

• High potential finance demand
• huge finance gap (1.9 trillion), ≈ 17% of total GDP
• less adequate collateral or guarantees, lower creditworthiness,

higher investment risks
• High cost of financing

• 60% from private financing
• high interest rate: 15-20% (3 times than formal financial

institutions)
• Distorted Structure

• current liabilities that require repayment of principal and interest
within the year reached 97.5% (2014)

• significant short-term debt pressure, higher debt risk (Wang et al., 2020)

Source: World Bank and the People’s Bank of China.
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https://documents.worldbank.org/pt/publication/documents-reports/documentdetail/653831510568517947/msme-finance-gap-assessment-of-the-shortfalls-and-opportunities-in-financing-micro-small-and-medium-enterprises-in-emerging-markets
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Background: About the APPCAP
the “Air Pollution Prevention and Control Action Plan” (APPCAP)

• Background and Objectives
• Chinese “Clean Air Act”
• Sep. 2013, the first action plan document for pollution control
• by 2017, reduce PM10 concentrations by over 10% nationwide
• significant improvements in air quality in special regions

• 10 key measures (“Ten Measures for Air”)
1 Reduce Emissions
2 Optimize Energy Structure
4 Improve Industrial Pollution Control
8 Strengthen Environmental Enforcement

...
• Implementation Results

• compared to the same period in 2013, in 2017, PM2.5 dropped by
• 38.2% (Beijing-Tianjin-Hebei region)
• 31.7% (the Yangtze River Delta)
• 25.6% (the Pearl River Delta)

Source: Ministry of Ecology and Environment and State Council of PRC.
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https://english.mee.gov.cn/News_service/infocus/201309/t20130924_260707.shtml
https://www.gov.cn/xinwen/2017-12/02/content_5244108.htm
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Background: About the APPCAP

Source: Ministry of Ecology and Environment.
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Data Sources

National Tax Investigation Data (2007-2016)
• from the Chinese State Administration of Tax (SAT)
• ≈ 700 k stratified sampled enterprises different sizes each year
• highly representative: key tax-source, export-oriented, others
• variables related to the energy consumption, employee, revenue and

profit, liability and asset...
• Definition of a SLE (Wang et al., 2020)

• industry: annual taxable income ⩽ 300k RMB, employees ⩽
100, total assets ⩽ 30 million RMB

• non-industry: annual taxable income ⩽ 300k RMB, employees
⩽ 80, total assets ⩽ 10 million RMB

City Level Controls
• from China City Statistical Yearbook
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Sample Characteristics
The ratio of SLEs in sample

• relative stable during 2007-2016

Notes: I screened the enterprises with the self-reported taxable revenue equals to 0.
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Treatment & Control Group
Different Intensity of Pollution Control

• ✔ Beijing-Tianjin-Hebei vs. others (not include other two key regions)
• follow Li et al. (2019)

• Three key regions vs. others

Source: The left figure is taken from here.
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https://www.researchgate.net/publication/343902894_Impact_of_Precipitation_with_Different_Intensity_on_PM25_over_Typical_Regions_of_China/figures
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Regulated vs. Unregulated Industries
Regulated under APPCAP

• Mining industry (4)
• coal mining and washing (B06), oil and natural gas extraction

(B07), ferrous metal ore mining (B08), and non-ferrous metal ore
mining (B09)

• Manufacturing industry (19)
• petroleum, coal, and other fuel processing (C25)
• chemical raw materials and chemical product manufacturing

(C26)
• non-metallic mineral product manufacturing (C30)
• ferrous metal smelting and rolling processing (C31)
• non-ferrous metal smelting and rolling processing (C32)
• ...

• Construction industry (1)
• residential building construction (E47)

• Others (2)
• transportation industry (G54) and catering industry (H62)

Notes: The classification refers to the industrial gas emission in 2012 from NBS (1 and 2). Other industries are unregulated.
12 / 28

https://www.stats.gov.cn/zt_18555/ztsj/hjtjzl/2012/202303/t20230302_1921323.html
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Baseline: TWFE DiD Model
the Average Treatment Effect of APPCAP on Operating Revenue

lnOperating Revenueijt = 𝛼 + 𝛽1APPCAPjt × Treatj + 𝛾Xit + 𝜇j + 𝜂t + 𝜀ijt

• lnOperating Revenueijt : natural logarithm of operating revenue + 1
for SLE i in city j and year t

• Treatj : binary, 1 if city j belongs to the treatment group
• APPCAPjt : binary, 1 if after 2013
• Xijt : time-varying control variables

• city-level: temperature, rainfall, ratio of tertiary, infrastructure,
FDI...

• firm-level: assets, liability, cash payment for purchasing goods
and services...

• 𝜇j : city FE; 𝜂t : year FE
• 𝛽1: not guaranteed to recover an interpretable causal parameter (e.g.

heterogeneity)
13 / 28
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Robustness Check
Intensity-based DiD

• treat × post, then times the concentration of PM2.5 (current year)
• capture the varying levels of enforcement under regulation

PSM-DiD
• Identification Concerns: sample selection bias
• Whether a SLE belongs to a treatment/control group is endogenous
• Matching by assets, liability and profit of firms
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Specification Results
APPCAP

• leads to a 8% drop in operating revenue for regulated SLEs
• has no significant effects on unregulated SLEs

Table: Baseline Estimates w/o and w/ PSM

Dependent variable: Log (Operating Revenue)

Two-way FE PSM-DiD
(1) Regulated (2) Unregulated (3) Regulated (4) Unregulated

APPCAP×Treat -0.129*** -0.014 -0.080* -0.005
(0.037) (0.043) (0.041) (0.046)

Controls Yes Yes Yes Yes
City FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Observations 89,343 266,828 39,258 116,203
R-squared 0.578 0.599 0.458 0.466

Notes: The dependent variable is the natural logarithm of operating revenue (+ 1). Robust standard errors are in parentheses,
clustered at the industry-year level.
*** p < 0.01, ** p < 0.05, * p < 0.10.
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Placebo Test
Permutation

• randomly assign treatment vs. control groups, and repeat 200 times
• p-values of most estimates: greater than 0.1

• the results unlikely to be obtained by chance or influenced by
other policies or random factors

• our estimate: significant outlier
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Empirical Setting

TWFE specification for Cross-section data

lnOperating Revenueijt = 𝛼+
y=ȳ∑︁

y=y ,y≠−1
𝛽yAPPCAPt×Yeary+𝛾Xijt+𝜇j+𝜂t+𝜀ijt

(1)

• [y, ȳ] = [−6, 3] and the base year is y = −1 (𝛽y = 0)
• Yeary : binary, 1 when the city j would be treated after y years
• y ⩾ 0: average accumulation effects of operating revenue relative to

the former year
• 𝛽y expected to be negative when y ⩾ 0
• “dynamic treatment effects”
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Event Study

Dynamic Effects (on SLEs)
• pre: nearly parallel trends
• post: significant, with a little sign of reverting back

Figure: Panel A: Intensity DiD Figure: Panel B: PSM-DiD
Notes: Scatter plots with error bars of 95% CI. 2012 is the base year dropped in regression.
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Negative Effects on TFP
To Derive TFP (Giannetti et al., 2015)

• regress the SLE’s operating revenue on the number of employee,
total assets, cash payment on goods and services (all in logarithm)

• generate the residual, denoted as TFP

Table: the TFP Estimates w/ PSM

Dependent variable: TFP

(1) Regulated (2) Unregulated
APPCAP×Treat -0.073*** -0.056***

(0.035) (0.029)
Controls Yes Yes
City FE Yes Yes
Year FE Yes Yes
Observations 21,032 69,272
R-squared 0.103 0.081

Notes: The dependent variable is the residual term (TFP). Robust standard errors are in parentheses, clustered at the
industry-year level.
*** p < 0.01, ** p < 0.05, * p < 0.10.
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Energy
Reduce the use of Fossil Fuel

• consumption of coal and oil decreased significantly
• electricity: not significant (not directly related to air pollutants)

Notes: Scatter plots with error bars of 95% CI.
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Labor

• No significant effects on the labor demand of SLEs

Table: Estimates of Three Channels w/ PSM

Employment

(1) Regulated (2) Unregulated
APPCAP×Treat -0.064 -0.012

(0.051) (0.040)
Controls Yes Yes
City FE Yes Yes
Year FE Yes Yes
Observations 21,032 69,272
R-squared 0.357 0.243

Notes: The dependent variable is the natural logarithm of employees (+ 1). Robust standard errors are in parentheses, clustered
at the industry-year level.
*** p < 0.01, ** p < 0.05, * p < 0.10.
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Capital
• positive effects on SLEs’ assets accumulation

• for both regulated and unregulated firms
• insignificant effects on SLEs’ debt burden
• the financial risk reduced

Table: Estimates of Three Channels w/ PSM

Liabilities-to-Assets Ratio Assets Liability

(1) Regulated (2) Unregulated (3) Regulated (4) Unregulated (5) Regulated (6) Unregulated
APPCAP×Treat 0.001 0.000 0.131*** 0.126*** 0.008 -0.006

(0.051) (0.040) (0.042) (0.039) (0.069) (0.059)
Controls Yes Yes Yes Yes Yes Yes
City FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Observations 39,491 116,153 39,258 116,203 39,258 116,203
R-squared 0.637 0.625 0.444 0.400 0.294 0.286

Notes: The dependent variable is the natural logarithm of liabilities-to-assets ratio, assets and liabilities at the end of the year (+
1). Robust standard errors are in parentheses, clustered at the industry-year level.
*** p < 0.01, ** p < 0.05, * p < 0.10.
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Current Progress

Basic Conclusion
• Direct Effects: on operating revenue (≈ 8%) and TFP (≈ 7%)

• long and lasting
• Adjustments: in assets, energy consumption, not in labor

Policy Implication
• cost: production and TFP decreased
• benefit: less pollutants, reduced related diseases and mortality
• how to balance between local cost and global/social benefit?

Limitation
• Reliability: self-reported data (manipulation?)
• Business switch: cross-section sampling data (within/among sectors)
• Informal adaptation: hide their production and pollution behavior
• Heterogeneity Analysis: what kinds of industries are affected more?
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Further Research

Introduce more data?
• patent application data

• from State Intellectual Property Office
• measure the innovation performance (more or greener) (Cui et al., 2023)

• possible risk: not enough data points
• CMES data

• China Micro and Small Enterprise Survey
• only 2015 accessible (no information about the address of firms)

• insurance data
• if the resilience of SLEs can be improved?

Proactive/Passive Adaptation
• how to define and identify?
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Thank You!
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Appendix: More about the APPCAP

Source: Ministry of Ecology and Environment.
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Appendix: More about the APPCAP

Source: Ministry of Ecology and Environment.
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Theoretical Framework
Possible Components

• Firms: size, manager quality, ownership structure
• Sectors: reallocation, informality

Figure: Key themes for firms in the context of climate change adaptation

Notes: This page is inspired and borrowed from the NBER working paper Grover and Kahn (2024).
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