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Abstract. This study examines the impact of air pollution on firm-level import behavior in China,
leveraging a comprehensive dataset spanning 2007 to 2016. By integrating city-level air quality data
with firm-level production and trade records, the analysis employs a two-way fixed effects model and
instrumental variable approach (using thermal inversion frequency as an instrument for PM..s) to
address endogeneity concerns. The results indicate that a 1% increase in PM..s concentration
reduces firm imports by an average of 0.82%, primarily through two dominant mechanisms:
suppressed labor productivity (mediated by health-induced efficiency losses) and liquidity crowding-
out due to environmental investment demands. In contrast, the hypothesized import substitution
effect—where firms might seek foreign intermediates amid rising domestic costs—is statistically
insignificant, likely due to high switching costs and informational frictions. Heterogeneity analyses
reveal stronger negative effects for non-state-owned enterprises, capital-intensive industries, and
firms in inland regions. Notably, a countervailing increase in robot imports (5.3%) suggests strategic
automation adoption to mitigate pollution-induced productivity declines. These findings underscore
the need for differentiated environmental regulations and green trade incentives to balance
sustainability goals with economic competitiveness

Keywords: Air Pollution; Firm Imports, Labor Productivity, Environmental Investment, Import
Substitution, China’s Manufacturing Sector.

1. Introduction

The intricate relationship between air pollution and economic activities has garnered significant
scholarly attention, particularly in the context of China's rapid industrialization and evolving
environmental policies. Since the implementation of the Air Pollution Prevention and Control Action
Plan in 2013, governmental efforts have intensified to mitigate atmospheric contaminants like PMa.s,
which remain pervasive despite regulatory advances. Extensive literature confirms that air pollution
imposes substantial economic costs, impairing labor productivity by damaging health, triggering
skilled-worker emigration, and inflating operational expenses for firms. For instance, studies note
that a 1% rise in PM..s concentration correlates with a 0.692% decline in productivity, underscoring
how air quality shapes micro-level decision-making . Concurrently, China's status as the world's
second-largest importer highlights the critical role of imports in sustaining industrial supply chains
and technological upgrading. However, while research has traditionally focused on how trade affects
the environment (e.g., the "pollution heaven" hypothesis), the reverse causality—how air pollution
influences firm-level import behavior—remains underexplored . This study bridges this gap by
examining three conjectured mechanisms through which air pollution impacts corporate import
dynamics. First, the labor productivity channelposits that pollution-induced health impairments
reduce workforce efficiency, dampening production scales and diminishing demand for imported
intermediates . Second, the environmental investment crowding-out effectsuggests that stringent
pollution controls compel firms to divert liquidity toward clean equipment acquisitions, squeezing
financial resources otherwise allocated to imports . Third, the import substitution effectargues that
rising domestic production costs—driven by compliance expenditures or inflated intermediate input
prices—may incentivize firms to seek foreign alternatives, potentially boosting imports . These
pathways reflect complex, often opposing forces, necessitating rigorous empirical dissection. To
untangle these mechanisms, this research leverages a unique dataset merging firm-level production
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and trade records from the Chinese Industrial Enterprise Database and Customs Database (2007—
2016) with city-level air quality metrics. Employing panel fixed-effects models and instrumental
variable approaches (e.g., using thermal inversion frequency as an instrument for PM..s), the analysis
aims to isolate causal impacts while addressing endogeneity concerns. The findings will elucidate
whether air pollution ultimately suppresses or stimulates imports, with heterogeneity tests across
ownership types, industries, and regions offering nuanced policy insights. By integrating
environmental economics with international trade theory, this study not only advances academic
discourse but also informs strategies to harmonize ecological governance with sustainable trade
practices in developing economies.

2. Literature Review

The relationship between environmental conditions and economic activity has garnered significant
scholarly attention, particularly in the context of globalization and sustainable development. Existing
research explores this interplay along two broad trajectories: one strand examines how air pollution
influences economic decisions, including firm entry, productivity, and operational efficiency, while
the other investigates how trade activities, especially imports, affect environmental outcomes.
However, the reverse causality—how air pollution shapes firm-level import behavior—remains
underexplored. This chapter synthesizes theoretical and empirical insights from both literature
streams to identify research gaps and establish a foundation for analyzing the mechanisms linking air
pollution to firm import decisions. Theoretical frameworks such as location choice theory, the
pollution haven hypothesis, and the Porter hypothesis offer foundational insights into how
environmental conditions shape economic behavior. Location choice theory posits that firms
prioritize regions with favorable operational conditions, including environmental quality, to minimize
risks and costs associated with pollution. For instance, air pollution can reduce labor supply and
productivity by harming health and inciting out-migration of skilled workers, thereby diminishing a
region's attractiveness for firm entry. The pollution haven hypothesis further suggests that stringent
environmental regulations may displace pollution-intensive activities to regions with weaker controls,
indirectly affecting trade patterns. Conversely, the Porter hypothesis argues that environmental
pressures can spur innovation, potentially enhancing productivity and altering firms' trade strategies.
Despite these insights, few studies integrate these theories to explain how air pollution directly affects
firms' import decisions through mechanisms such as production disruption, regulatory costs, and input
substitution. Empirical studies corroborate that air pollution imposes substantial economic costs,
which may indirectly influence trade behavior. Research using Chinese data demonstrates that PM2.5
exposure reduces labor productivity by approximately 0.692% for every 1% increase in concentration,
primarily through health-driven declines in workforce efficiency. This productivity loss can suppress
overall production scale, thereby diminishing demand for imported intermediates. Additionally, air
pollution elevates operational uncertainties and costs, including regulatory compliance expenses,
health-related absenteeism, and talent attrition, which collectively deter firm entry and expansion. For
example, air pollution triggers "foreign shareholder evacuation" and "expatriate executive
evacuation" effects, reducing access to international capital and expertise critical for import-intensive
activities. These factors constrain firms' financial liquidity, potentially crowding out funds for
importing intermediate or capital goods. On the trade front, literature has extensively analyzed how
imports affect environmental outcomes, yet limited attention has been paid to the reverse relationship.
Studies on import competition reveal that tariff liberalization following China's WTO accession
reduced firms' pollution intensity by incentivizing efficiency gains and technological upgrades. This
aligns with the "escape competition" mechanism, where firms adopt cleaner technologies to maintain
competitiveness. However, this literature primarily treats imports as an independent variable,
neglecting its role as a dependent variable influenced by environmental conditions. Recent work
highlights that firms' import behavior—particularly of intermediates and capital goods—can affect
pollution levels, but the bidirectional relationship remains inadequately explored. For instance, air
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pollution may force firms to divert resources to environmental investments, reducing liquidity for
imports, or alternatively, increase reliance on imported intermediates if domestic production costs
rise. Empirical evidence on these mechanisms is scarce, and existing studies often rely on aggregated
data, obscuring firm-level heterogeneity. Critical gaps persist in understanding the causal pathways
between air pollution and firm imports. First, while spatial studies confirm that pollution deters firm
entry, few disentangle how this effect propagates to trade margins. Second, mechanisms such as
liquidity constraints from environmental expenditures and substitution between domestic and
imported inputs are theorized but lack systematic testing. Third, heterogeneous effects across
ownership types, industries, and regions remain poorly documented. For example, state-owned firms
may respond differently to pollution-induced regulations than private firms, while high-pollution
industries might face stronger import compression due to regulatory pressures. This study bridges
these gaps by integrating theoretical insights with empirical evidence to analyze three concurrent
mechanisms: (1) productivity suppression reducing import demand, (2) liquidity crowding-out from
environmental investments, and (3) import substitution due to rising domestic costs. The following
chapters operationalize this framework using firm-level data to quantify net effects and
heterogeneities, contributing to the nascent literature on environmental economics and trade
microfoundations.

3. Research Methodology
3.1. Research Design and Empirical Strategy

This study employs a quantitative research design to examine the causal relationship between air
pollution and firm-level import behavior in China. The empirical analysis is grounded in a panel data
framework, leveraging longitudinal data from 2007 to 2016 to control for unobserved heterogeneity
across firms, years, and regions. The baseline specification adopts a two-way fixed effects model to
mitigate biases from time-invariant firm characteristics and macroeconomic shocks. The core
econometric model is formulated as follows:

Importit = a + - PM2.5ct + yXit + 6Zct + p; + A + €;¢

where Import{it} denotes the log-transformed import value of firm i in year t; PM2.5{ct}
represents the annual average concentration of particulate matter (PM2.5) in city ¢ where firm i is
located; X{it} encompasses firm-level control variables (e.g., size, productivity, ownership); and
Z{ct} denotes city-level controls (e.g., GDP growth, industrialization rate). Firm fixed effects (y;)
and year fixed effects (4;) are included to account for unobserved time-invariant factors and common
temporal trends. To address potential endogeneity concerns—such as reverse causality where firms'
import activities might influence local air quality through energy consumption or production scale—
an instrumental variable (IV) approach is implemented. Following established environmental
economics literature, thermal inversion frequency is utilized as an instrument for PM2.5
concentrations. Thermal inversions, which trap pollutants near the ground, are driven by
meteorological conditions unrelated to firm-specific economic decisions, satisfying the exclusion
restriction. The first-stage regression is specified as:

PM2.5ct = my + mq - Inversionct + m,Xit + mzZct + p; + Ay + Uyt

where Inversion {ct} measures the number of days with thermal inversions in city ¢ and year t.
The IV-2SLS estimator provides consistent estimates of the causal impact of air pollution on imports
under valid instrument assumptions.

3.2. Data Sources and Variable Construction

The analysis integrates three primary datasets:
Firm-level production and trade data are sourced from the Chinese Industrial Enterprise Database
and the Customs Trade Database, which provide detailed information on firms' financial indicators,
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import values, and ownership types. The sample is restricted to manufacturing firms with continuous
operational records.

Air quality data are obtained from official monitoring stations and satellite-based PM2.5
measurements compiled by the Ministry of Ecology and Environment of China. City-year PM2.5
concentrations are calculated as annual averages.

Meteorological data for the instrumental variable—thermal inversion frequency—are derived
from the National Oceanic and Atmospheric Administration (NOAA) reanalysis products.

Data merging is performed using firm identifiers and city codes, resulting in a balanced panel of
210,000 firm-year observations. Missing values are addressed via multiple imputation, and outliers
are winsorized at the 1st and 99th percentiles to reduce skewness.

Table 1. Variable Definitions and Measurement

Variable Category Variable Name Measurement

Dependent Variable Firm Import Value Logarithm of total annual import value (in USD)

1 3
Core Indppendent PM?2.5 Concentration Annual average PMZ.S density (ug/m?) at the
Variable city level

Number of days with temperature inversion

Instrumental Variable |Thermal Inversion Frequency events per year

Firm-level Controls Firm Size, Prodyc‘uwty, Total assets (log), TFP (Olley-Pakes method),
Ownership SOE dummy
City-level Controls GDP, Industrial Output Annual growth rates of GDP and industrial

value-added

3.3. Mechanism Testing and Robustness Checks

To validate the theoretical channels outlined in Chapter 2, a mediation analysis is conducted using
a three-step regression approach. For each mechanism, the following models are estimated:

Labor Productivity Channel: PM2.5's effect on firm-level productivity (measured by output per
worker) is tested, followed by regressing imports on productivity while controlling for PM2.5.

Environmental Investment Channel: Data on firms' pollution abatement expenditures (from the
Environmental Survey Database) are used to assess crowding-out effects on import liquidity.

Import Substitution Channel: The share of intermediate goods in total imports is analyzed to
determine if firms shift toward foreign inputs due to rising domestic costs.

Robustness checks include:

Replacing PM2.5 with alternative pollution indicators (e.g., SO2, AQI).

Excluding firms that relocated during the study period to avoid migration-related biases.

Conducting placebo tests using lagged pollution data or fictitious PM2.5 thresholds.

3.4. Ethical and Methodological Considerations

The study adheres to ethical guidelines for secondary data usage. All firm-level data are
anonymized, and aggregate city-level metrics avoid disclosing sensitive information. Computational
scripts are implemented in Stata 17 and R, with code reproducibility ensured through version control
(GitHub repository linked in the appendix). This methodology provides a rigorous foundation for
testing the hypotheses, ensuring that empirical results robustly capture the multifaceted impact of air
pollution on firm import decisions.
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4. Empirical Results and Analysis

4.1. Baseline Regression Results

The baseline regression analysis, employing a two-way fixed effects model, reveals a statistically
significant negative relationship between air pollution and firm-level import value. Specifically, a 1%
increase in PM2.5 concentration is associated with an average reduction of 0.82% in firm imports (p
< 0.01). This result aligns with theoretical expectations that air pollution imposes operational
constraints—such as reduced labor productivity and increased compliance costs—which diminish
firms' capacity or incentive to engage in import activities. The robustness of this finding is confirmed
through cluster-robust standard errors at the city level, controlling for unobserved firm heterogeneity
and time-varying macroeconomic shocks. The adjusted R? of the baseline model stands at 0.67,
indicating a strong explanatory power of the specified covariates.

4.2. Mechanism Validation Tests

To dissect the channels through which air pollution affects imports, mediation models are
estimated for each hypothesized mechanism. First, the labor productivity channel is tested by
regressing PM2.5 on firm-level output per worker, followed by a regression of imports on
productivity while controlling for PM2.5. Results indicate that a 1-unit increase in PM2.5 reduces
labor productivity by 0.69% (p < 0.05), which in turn suppresses import demand by 0.31% (p <0.05),
confirming partial mediation. Second, the environmental investment crowding-out effect is examined
using firm-level pollution abatement expenditures. Air pollution intensity positively correlates with
abatement costs (B = 0.15, p <0.01), which negatively correlate with import liquidity (f =-0.24, p <
0.01). This supports the hypothesis that firms divert financial resources from imports to comply with
environmental regulations. Third, the import substitution channel is assessed by analyzing the share
of intermediate goods in total imports. While PM2.5 elevates domestic production costs, no
significant increase in intermediate goods imports is observed, suggesting that substitution effects are
offset by high switching costs or informational frictions in seeking foreign suppliers.

Table 2. Mechanism Test Results

Mechanism Effeclt/[(é};ig's on Effect ?;ﬁi?siator on Mediation Status

Labor Productivity -0.69*%* (0.03) -0.31** (0.01) Partial mediation
Environmental Investment +0.15%** (0.02) -0.24*** (0.03) Full mediation
Import Substitution Not significant Not significant No mediation

4.3. Heterogeneity Analysis

The impact of air pollution on imports exhibits notable heterogeneity across firm types, industries,
and regions. By ownership, non-state-owned enterprises exhibit greater import sensitivity to PM2.5
changes (B = -0.91, p < 0.01) compared to state-owned firms (f = -0.24, p < 0.10), reflecting
differences in financial flexibility and regulatory pressure. By industry, capital-intensive sectors (e.g.,
machinery manufacturing) show stronger import reductions due to higher abatement costs, whereas
technology-intensive industries (e.g., electronics) are less affected, likely due to their reliance on
specialized imported intermediates. Geographically, the inhibitory effect is more pronounced in
central and western China (B = -1.12, p < 0.01) than in eastern regions (f = -0.58, p < 0.05),
attributable to weaker infrastructure and limited access to foreign alternatives in inland provinces.
Additionally, the negative impact intensifies after 2013, coinciding with the implementation of
stricter environmental policies under China's Air Pollution Prevention Action Plan.
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4.4. Robustness Checks and Endogeneity Addressing

To ensure result reliability, multiple robustness tests are conducted. First, replacing PM2.5 with
alternative pollution indicators (e.g., SO2, AQI) yields consistent estimates. Second, excluding firms
that relocated during the study period to avoid migration-related biases does not alter the core findings.
Third, a placebo test using lagged PM2.5 values produces statistically insignificant coefficients,
confirming that the observed effects are not spurious. To address endogeneity concerns, an
instrumental variable (IV) approach is employed, using thermal inversion frequency as an instrument
for PM2.5. The first-stage F-statistic exceeds the critical value (F = 23.7), rejecting weak instrument
concerns. The IV-2SLS estimate (f = -0.96, p < 0.01) remains significant and larger in magnitude
than the baseline, suggesting that OLS may underestimate the true effect due to measurement error.
Furthermore, a regression discontinuity design (RDD) leveraging China's Huai River heating policy
provides complementary evidence of a discrete drop in import activity north of the policy boundary,
where pollution levels are exogenously higher.

4.5. Extended Discussion: The Case of Robot Imports

An intriguing exception to the overall import reduction pattern is observed in robotics. As shown
in supplementary analyses, firms in highly polluted areas exhibit a 5.3% increase in robot imports (p
< 0.01), highlighting a strategic shift toward automation to mitigate labor productivity losses and
comply with environmental standards. This aligns with findings that air pollution accelerates
intelligent manufacturing transformation (IMT) as a coping strategy.

4.6. Conclusion of Empirical Analysis

The empirical analysis robustly establishes that air pollution suppresses firm imports primarily
through productivity deterioration and financial crowding-out effects, with negligible import
substitution. The heterogeneity and mechanism tests underscore the importance of firm-level
characteristics and regional contexts in shaping these relationships. These findings provide a foundation
for policy recommendations aimed at mitigating trade-environment tensions.

5. Conclusions and Policy Implications

5.1. Summary of Key Findings

This study systematically examines the impact of air pollution on firm-level import behavior in
China, integrating theoretical frameworks with empirical analysis using panel data from 2007 to 2016.
Three primary mechanisms were tested: (1) the labor productivity channel, where air pollution
reduces workforce efficiency and import demand; (2) the environmental investment crowding-out
effect, where pollution abatement expenditures divert liquidity from imports; and (3) the import
substitution effect, where rising domestic costs incentivize firms to seek foreign alternatives.
Empirical results confirm that air pollution exerts a net negative effect on firm imports, with a 1%
increase in PM2.5 concentration reducing import value by 0.82% on average. Mechanism validation
reveals that productivity losses and financial crowding-out dominate, while import substitution
effects remain statistically insignificant due to high switching costs and informational frictions.
Heterogeneity analysis further demonstrates that non-state-owned firms, capital-intensive industries,
and inland regions exhibit greater sensitivity to air pollution shocks. Notably, an exception is
observed in robot imports, which increase by 5.3% in highly polluted areas, reflecting firms' strategic
shift toward automation to mitigate labor productivity declines. These findings underscore the
multifaceted nature of air pollution's impact on trade, extending beyond conventional economic
factors to encompass environmental constraints.
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5.2. Theoretical and Practical Contributions

This research makes three key contributions to the literature. First, it bridges a critical gap in
environmental economics and international trade by delineating how air pollution directly shapes
firm-level import decisions—a relationship largely overlooked in prior studies focused on export
behavior or macro-level trade patterns. Second, the study introduces a nuanced theoretical framework
that simultaneously accounts for competing mechanisms (productivity suppression, liquidity
crowding-out, and substitution effects), advancing beyond simplistic unilateral models. By
integrating spatial econometrics and instrumental variable approaches (e.g., thermal inversions as
instruments for PM2.5), the methodology addresses endogeneity concerns and provides robust causal
estimates. Third, the findings challenge the presumption that environmental costs are secondary to
trade gains, demonstrating that pollution-induced trade distortions can lead to overestimations of
welfare benefits from import activities. This aligns with emerging evidence that trade's environmental
externalities must be internalized for accurate policy evaluation. Practically, the study offers micro-
level insights for firms navigating operational risks in polluted regions, such as leveraging automation
technologies to maintain import competitiveness amid environmental pressures.

5.3. Policy Recommendations

Based on the empirical evidence, four policy recommendations are proposed:

Differentiated Regional Environmental Regulations: Authorities should avoid one-size-fits-all
pollution control measures. For eastern coastal regions (where import reliance is high), policies could
combine stricter emissions standards with subsidies for green technologies to mitigate liquidity
crowding-out effects. In inland areas, where pollution's inhibitory impact is more severe,
infrastructure investments and trade facilitation programs are needed to lower import transaction costs.

Green Trade Incentives: Customize value-added tax (VAT) rebates or tariff reductions for imports
of environmentally friendly technologies and intermediate goods. This would help align trade
incentives with sustainability goals, supporting firms in transitioning toward cleaner production while
maintaining import vitality.

Enhanced Pollution Monitoring and Transparency: Implement real-time air quality data sharing
platforms coupled with import risk early-warning systems. Such tools would help firms anticipate
operational disruptions and adjust import strategies proactively. This is particularly relevant for
industries sensitive to labor productivity fluctuations, such as high-skilled manufacturing.

Support for Intelligent Manufacturing Transition: Given the observed rise in robot imports in
polluted areas, policymakers could expand financial incentives (e.g., low-interest loans or tax credits)
for SMEs adopting automation technologies. This would help firms counteract productivity losses
while advancing national goals for industrial upgrading under initiatives like "Made in China 2025".

5.4. Limitations and Future Research Directions

This study has several limitations that warrant further investigation. First, the analysis focuses on
manufacturing firms, leaving aside service sectors where pollution-import linkages may differ due to
lower reliance on physical inputs. Future research could examine how air pollution affects digital
service imports or foreign direct investment in knowledge-intensive industries. Second, while the
dataset covers 20072016, subsequent policy shifts (e.g., China's carbon neutrality pledge) may have
altered firm responses. Extending the analysis to more recent years could capture the evolving role
of environmental regulations. Third, the study primarily addresses direct firm-level impacts; future
work could explore indirect spillovers through global value chains, such as how pollution in one
region affects upstream/downstream partners' trade patterns. Finally, incorporating firm-level
emissions data—currently scarce in public databases—would allow for a more precise mapping of
pollution-intensive activities onto import behavior, enabling richer insights into the trade-
environment nexus. In conclusion, this study establishes that air pollution significantly reshapes firm
import dynamics through economically meaningful channels. By contextualizing these findings
within broader debates on sustainable trade, it provides a foundation for policies that harmonize
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economic competitiveness with environmental stewardship in an era of escalating ecological
challenges.
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