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Abstract: As China pursues the goal of “dual-carbon” together with implementing an employment-first strategy, labor 
reallocation across industries has become a key structural challenge and tendency. Using panel data from 31 Chinese 
provinces during 2008–2020, this study measures structural employment imbalance by constructing the Lilien index 
and testing environmental regulation through environmental keyword frequency in provincial government reports. The 
results show that lagged environmental regulation significantly reduces the Lilien index. The finding highlights the 
positive conditional employment effects of green transition and provides theoretical guidance for coordinating carbon 
reduction with employment stability.
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1. Introduction
Employment has always been a critical part of the policy trade-off between economic transformation and 
social stability. As the Chinese economy develops toward carbon neutrality, stricter environmental regulation 
accelerates the transformation of high-carbon industries and the release of labor from shrinking sectors, 
while it is possible that emerging industries may not be able to fully absorb these workers immediately. 
Differences in employment growth across industries can therefore create reallocation friction even when total 
employment changes remain small.

Existing studies mainly focus on environmental regulations’ effects on aggregate employment. While 
the compliance-cost view suggests that regulation raises production costs, reduces output, and destroys 
jobs [1-4], the Porter hypothesis argues that appropriate regulation stimulates innovation and may generate 
new employment [5-7]. Empirical evidence remains mixed. One reason is that aggregate employment 
indicators conceal substantial cross-industry reallocation. Stable total employment can coexist with massive 
unemployment in individual industries [8-14].
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This paper addresses these gaps by constructing provincial panel data of 31 Chinese regions from 2008 
to 2020. It focuses on structural reallocation friction and explores the mechanism between environmental 
regulation, high-carbon employment, and sectoral employment dispersion. 

2. Literature review
Research on the employment effects of environmental regulation has developed around two competing 
arguments. Compliance-cost theory reckons that regulations tend to lead to the rise of firms’ costs, the 
reduction of production, and the decline of labor demand [1-4]. The Porter hypothesis suggests that regulations 
are able to encourage technological innovation and improve productivity, which will at least partly offset 
compliance costs [5-7]. Existing studies find complex outcomes consisting of negative, positive, nonlinear, 
and sector-specific effects [15-18]. Chinese evidence similarly reports threshold effects, double dividends, and 
substantial industrial heterogeneity [19-21].

Aggregate employment measures, however, do not reveal the reallocation process for the time being. 
The Lilien index, brought forward by Lilien (1982), captures the weighted dispersion of employment growth 
across industries [22]. A higher value of the Lilien index indicates greater sectoral divergence and potentially 
stronger structural unemployment risk. 

Employment reallocation often happens among manufacturing as well as industries experiencing 
technological and structural change [23-24]. Environmental regulation can affect such reallocation through changing 
firms’ production decisions, industry employment demand, and the speed of capacity adjustment [25-29].

3. Research design
3.1. Data
The study uses panel data from 31 provincial-level administrative units (excluding Hong Kong, Macao, 
Taiwan, and Xizang due to data availability) over 2008–2020, yielding 403 provincial-year observations.

Three considerations should be noted. First, China’s industry classification standards (GB/T 4754-
2002, -2011, -2017) were revised repeatedly; around 2006–2007 the industry employment statistics changed 
abruptly, causing abnormal early Lilien values, so we start in 2008 (2007 serves only as the growth-rate 
base year and is excluded from regression). Second, by 2008 the Eleventh Five-Year Plan had made major 
pollutant reduction a mandatory local performance target, making provincial regulation comparable. Third, 
the 2020 COVID-19 shock and the advent of the “dual carbon” goals changed the institutional environment, 
so the sample ends in 2020.

The data on urban-unit employment by industry comes from provincial statistical yearbooks; the regulation 
indicator is built by manual word segmentation of provincial government work reports; other controls are from the 
China Statistical Yearbook and provincial yearbooks. Following the NBS crosswalk, industry categories across 
versions are consolidated into 19 comparable groups to ensure time consistency of employment data.

3.2. Model specification
To identify the baseline effect of one-period lagged environmental regulations on structural employment 
imbalances, a province-level fixed-effects panel model is constructed:
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Where itX  is the vector of control variables, is the province-specific fixed effect, and  is the random 
error term; standard errors are clustered at the provincial level to address within-group serial correlation.

3.3. Variable definition
The Lilien index of Lilien (1982) measures inter-industry reallocation friction and is widely used in research 
on regional labor reallocation. It is computed as follows:

( )2

it ijt ijt it
j

Lilien = s g -g×∑

In the formula, ijts represents the share of employment in a particular industry within urban units of a 
province in year t relative to the total urban unit employment in that province; ijtg is the employment growth 

rate of the industry, and itg  is the overall employment growth rate across all industries in the province.
The Lilien index captures only the dispersion of sectoral employment growth, and its labor-market effect 

is state-dependent: equally large reallocation shocks can imply different unemployment outcomes under 
different macro conditions[8]. We therefore complement the index with heterogeneity analysis. Crucially, 
whether narrower dispersion actually eases friction depends on whether displaced workers are absorbed 
elsewhere; the heterogeneity analysis below directly examines this conditionality.

Following Chen Shiyi and Chen Dengke (2018) [30], we measure regulation by the relative frequency of 
environmental keywords, including “environmental protection”, “pollution control”, “energy conservation 
and emissions reduction”, “green development”, “ecological construction” and “low-carbon”—in provincial 
government reports, expressed as keyword occurrences per total word count. As a pre-policy signal, this measure is 
distinct from ex post input indicators such as pollution-control investment and is unaffected by local fiscal capacity.

Government reports are issued at the start of the year, while firm adjustment and labor reallocation take 
time; lagging the explanatory variable also eases reverse causality. The baseline therefore uses one-period 
lagged regulation.

Following Li Mengjie and Du Weijian (2014) [31], Wang Feng and Ge Xing (2022) [32], we include seven 
controls: 
(1)  �lnGdp, the log of regional GDP per resident; 
(2)  �edu, average years of schooling for those aged six and above, weighted by educational attainment; 
(3)  �indStr, secondary-industry value added as a share of GDP; 
(4)  �open, total trade as a share of GDP; 
(5)  �urban, urban share of resident population; 
(6)  �fiscal, local general public budget expenditure as a share of GDP; 
(7)  �rd, internal R&D expenditure as a share of GDP.

4. Empirical results and analysis
4.1. Benchmark regression
To test H1, we estimate a province fixed-effects model with province-clustered standard errors. Results 
appear in Table 1.
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Table 1. Benchmark regression results

Variable (1) Current period effect (2) One-period lag effect
envReg -0.700  (0.469)

envRegLag -0.958**  (0.459)
lnGdp 0.046* (0.026) 0.038  (0.031)

edu 0.030** (0.015) 0.034** (0.016)
indStr 0.030  (0.112) 0.052  (0.123)
open 0.099***  (0.027) 0.108** (0.040)
urban -0.325**(0.143) -0.271  (0.162)
fiscal 0.005  (0.081) -0.022  (0.087)

rd 0.683 (1.261) 0.389 (1.299)
Observation 403 372

R² 0.069 0.061

Note: Standard errors in parentheses are cluster-robust at the provincial level; *, **, *** indicate significance at the 10%, 5%, and 1% 
levels, respectively. All regressions control for provincial fixed effects.

In model (1), current regulation is insignificant; in model (2), one-period lagged envRegLag is -0.958, 
significantly negative at the 5% level. The insignificant contemporaneous but significant lagged effect 
reflects the policy-transmission lag: annual announcements take time to reach firm cost assessment, output 
adjustment, and cross-sector reallocation; lagging also mitigates reverse pressure from structural employment 
on local policy. Economically, a one-standard-deviation rise in regulation lowers the Lilien index by about 
7.1% of its mean. Given that the index captures short-run sectoral fluctuations and low within-group R² is 
typical in such studies, we focus on the sign and significance of the key coefficient.

Lag-structure tests concentrate the effect at the one-period lag: envRegLag2 falls to -0.730 and becomes 
insignificant, and envRegLag3 to -0.398, also insignificant—a monotonic decay consistent with the annual 
release of work reports and within-year firm adjustment, suggesting the baseline picks up genuine policy 
effects rather than persistent omitted-variable bias.

4.2. Robustness check
Robustness checks use proxy substitution, added confounders, excluded alternatives, and sample adjustments. 

Table 2. Robustness test results

Test Type envRegLag 
coefficient

Standard 
error Observation Conclusion

Replace X with the intensity of pollution control investment -4.365*** 1.284 368 Stable
Control for the advanced industrial structure index -0.978** 0.459 372 Stable

Control for interprovincial population mobility -0.950** 0.465 372 Stable
Exclude the total unemployment channel -0.958** 0.459 372 Stable

Exclude western provinces -1.791*** 0.555 228 Stable
Exclude the three northeastern provinces -0.839 0.497 336 Not significant

Exclude years of financial crisis -1.478** 0.580 341 Stable
Expand the sample range -0.397 0.352 496 Not significant

Note: *, **, *** indicate significance at the 10%, 5%, and 1% levels, respectively. All regressions control for provincial fixed effects 
and covariates. Western provinces are excluded based on the standard 12-province definition (including Chongqing, Sichuan, and 
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Shaanxi). Sensitivity analyses of fixed effects—including two-way fixed effects and region-year trends are not included in the 
robustness assessment presented here.

First, replacing the keyword-frequency indicator with lagged pollution-control investment intensity 
produces a significantly negative coefficient of -4.365. The result is therefore not driven solely by the 
measurement of policy attention.

Second, adding an industrial-structure-upgrading index and interprovincial population-mobility variables 
leaves the core coefficient close to -0.958 and statistically significant. Controlling for regional unemployment 
also does not change the result, suggesting that the finding is not merely a mechanical consequence of lower 
aggregate unemployment.

Third, excluding western provinces produces a stronger negative coefficient of -1.791. Excluding the 
three northeastern provinces reduces the coefficient to -0.839, which is no longer significant, indicating 
weaker adjustment capacity in regions heavily dependent on high-carbon industries. Excluding the financial-
crisis years also preserves the negative effect.

Extending the sample through 2024 leaves the coefficient negative but insignificant. This result is 
consistent with the institutional change after 2021 and the compression of cross-province policy variation 
under nationally synchronized carbon policies. The baseline sample is therefore retained.

5. Conclusion 
Using provincial panel data for 2008–2020, this paper examines the effect of environmental regulation 
on structural employment imbalance from the perspective of high-carbon industry reconfiguration. First, 
environmental regulation reduces the Lilien index with a one-year lag. The contemporaneous effect is 
insignificant, while the one-period-lagged coefficient is significantly negative. The result survives alternative 
measures, sample adjustments, placebo tests, instrumental variables, and trend controls. Second, high-
carbon employment growth is the principal transmission channel. Environmental regulation reduces 
employment growth in high-carbon industries, narrows the dispersion of sectoral employment growth, and 
thereby lowers the Lilien index. Manufacturing accounts for most of this mechanism. Third, the effect is 
conditional. It is concentrated in eastern provinces, regions with higher human capital, and provinces with 
higher marketization. The results do not imply that environmental regulation always improves employment 
outcomes. A lower Lilien index does not directly establish higher employment, lower unemployment, or 
improved worker welfare. Several limitations remain. The Lilien index measures dispersion rather than 
actual labor flows. Keyword frequency reflects policy attention and may not perfectly measure enforcement 
intensity. Urban-unit employment data exclude some private and self-employed workers. Future research 
should combine sectoral flows, individual employment histories, unemployment, wages, and firm-level 
emissions data.
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