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ABSTRACT

Market-based climate policies such as carbon emission trading sys-
tems transmit regulatory price signals to guide firm-level abate-
ment behavior, yet their effectiveness is frequently attenuated by
signal lag, signal noise, and systematic mispricing arising from the
structural complexity of climate policy information. Grounded
in signaling theory and market microstructure scholarship, this
study conceptualizes artificial intelligence (AI) not as an algorith-
mic trading tool but as a policy signal accelerator—an informa-
tion-processing layer that compresses the time and informational
loss between policy signal generation and price-level internaliza-
tion. We develop a theoretical framework identifying two causal
pathways through which AI improves carbon market price dis-
covery—accelerating overnight signal instantiation into opening
prices and filtering non-informational noise from intraday price
movement. Exploiting the staggered rollout of China’s carbon trad-
ing pilots across 288 cities, we employ a quasi-experimental design
to estimate the causal effect of Al adoption on policy-driven emis-
sion reductions. Results show that Al amplifies the carbon trading
emission-reduction effect by 2.1 percentage points. Mechanism
analysis confirms that Al significantly raises the price efficiency ra-
tio, indicating that carbon permit prices move more decisively in
the direction of net informational content. These findings provide
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evidence that Al structurally enhances the signaling architecture of
market-based climate policy.

Keywords: artificial intelligence; carbon emission trading; signal-
ing theory; policy signal accelerator; price efficiency

Senales de mercado mas inteligentes: la inteligencia
artificial como acelerador de seiales politicas para la
descarbonizacion del mercado del carbono en China

RESUMEN

Las politicas climaticas basadas en el mercado, como los sistemas
de comercio de emisiones de carbono, transmiten sefiales de pre-
cios regulatorios para guiar el comportamiento de reduccién a ni-
vel empresarial; sin embargo, su efectividad se ve frecuentemente
atenuada por el retraso de la sefal, el ruido de la sefial y la fijacion
errénea sistematica de precios que surge de la complejidad estruc-
tural de la informacidn sobre politicas climaticas. Basado en la teo-
ria de la sefializacion y la investigacion sobre la microestructura del
mercado, este estudio conceptualiza la inteligencia artificial (IA)
no como una herramienta de negociacion algoritmica, sino como
un acelerador de sefiales de politica: una capa de procesamiento de
informacion que comprime el tiempo y la pérdida de informacion
entre la generacion de la sefial de politica y la internalizacion del
nivel de precios. Desarrollamos un marco teérico que identifica dos
vias causales a través de las cuales la IA mejora el descubrimiento
de precios en el mercado del carbono: acelerando la instanciacién
de la sefal nocturna en precios de apertura y filtrando el ruido no
informativo del movimiento de precios intradiario. Aprovechando
el despliegue escalonado de los programas piloto de comercio de
carbono de China en 288 ciudades, empleamos un disefio cuasiex-
perimental para estimar el efecto causal de la adopcion de la IA en
las reducciones de emisiones impulsadas por politicas. Los resulta-
dos muestran que la IA amplifica el efecto de reducciéon de emisio-
nes del comercio de carbono en 2,1 puntos porcentuales. El analisis
del mecanismo confirma que la IA aumenta significativamente el
indice de eficiencia de precios, lo que indica que los precios de los
permisos de carbono se mueven de manera mas decisiva hacia el
contenido informativo neto. Estos hallazgos demuestran que la IA
mejora estructuralmente la arquitectura de sefializacién de las po-
liticas climaticas basadas en el mercado.
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1. Introduction

( :hmate change ranks among the
most urgent challenges con-
fronting the global community,

with far-reaching implications for eco-

systems, economic development, and
social stability (Jang and Yi, 2022; Xiao
and Yi, 2025; Yi and Yuan, 2023). In re-
sponse, governments worldwide have
increasingly turned to market-based
climate policies—including carbon
emission trading systems, carbon taxes,

carbon border adjustment mechanisms,
renewable energy subsidies, and green
financial instruments—to steer firms
and consumers toward low-carbon be-
havior. Yet the effectiveness of these in-
struments hinges critically on the preci-
sion of their design, the responsiveness
of market participants, and the efficien-
cy with which they are implemented. In
practice, conventional policy tools of-
ten fall short of their theoretical poten-
tial because of persistent information
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asymmetries, elevated transaction costs,
and behavioral biases among regulated
entities, all of which attenuate the price
signals on which market-based mecha-
nisms depend (Bellassen and Shishlov,
2017; Falkner et al., 2021; van der Hei-
jden, 2020).

The rapid advancement of ar-
tificial intelligence (AI) has opened a
promising frontier for overcoming these
constraints (Kaack et al., 2022; Luers et
al., 2024; Plésiat et al., 2024; Salekpay et
al., 2024; Wu, 2025; Wu, 2026). Through
big-data analytics, machine learning,
and intelligent decision-support sys-
tems, Al can enhance the informational
architecture underlying market-based
climate policy in at least three ways:
refining the design parameters of pol-
icy instruments, reshaping the deci-
sion-making processes of market par-
ticipants, and improving the operational
efficiency of policy implementation. In
the specific context of carbon pricing,
for example, Al-enabled forecasting and
high-frequency information aggrega-
tion may allow carbon permit prices to
incorporate new information more rap-
idly and accurately, thereby transmit-
ting cleaner cost signals that strengthen
firm-level abatement incentives. Despite
growing enthusiasm for these possibili-
ties, the existing literature lacks both a
systematic theoretical framework and
rigorous quasi-experimental evidence
on whether—and through what chan-
nels—AI tangibly enhances the decar-
bonization potential of market-based
climate policy.

This study aims to fill that gap.
We first develop a theoretical frame-

work articulating how AI can empower
market-based climate policy through
the lens of signaling theory. We then
exploit China’s staggered rollout of its
carbon emission trading system pilot
programs across 288 cities over nearly
two decades to construct a quasi-exper-
imental research design, enabling us to
estimate the causal effect of AT adoption
on policy-driven decarbonization.

Our findings yield three prin-
cipal contributions. First, the baseline
results demonstrate that Al adoption
significantly amplifies the emission-re-
duction effect of the carbon emission
trading systems. Relative to the con-
trol group, pilot cities in the treatment
group experienced a statistically sig-
nificant reduction in carbon emissions
of approximately 2.1 percentage points
—an effect that remains robust across a
battery of specifications with progres-
sively richer sets of city-level controls.
Second, a mechanism analysis reveals
that AI enhances the price efficiency
of carbon trading markets: within pilot
cities, greater Al penetration is associat-
ed with a significantly higher price effi-
ciency ratio, indicating that carbon per-
mit prices move more decisively in the
direction of net informational content
and are less distorted by noise trading.
This improved price discovery transmits
more credible abatement cost signals to
regulated firms, thereby strengthening
their incentive to invest in low-carbon
technologies and production process-
es. Third, by situating these empirical
results within an integrated theoretical
framework, we provide one of the first
pieces of quasi-experimental evidence
that AI serves not merely as a techno-
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logical convenience but as a structur-
al enhancer of the informational and
incentive architecture on which mar-
ket-based climate policy relies.

Taken together, these results
carry important implications for pol-
icymakers seeking to harness digital
technologies in the pursuit of climate
goals. As jurisdictions around the world
expand or refine their carbon pricing
instruments, understanding how Al can
sharpen the market signals embedded
in these mechanisms is essential for un-
locking their full decarbonization po-
tential.

2. Theoretical Framework

2.1 Theoretical Foundation:
Signaling Theory in a
Public Policy Context

ignaling theory, as originally for-

mulated by Spence (1973) in the

context of labor markets, address-
es a fundamental problem of informa-
tion asymmetry—when one party holds
private information that another party
cannot directly observe, observable and
differentially costly actions can serve as
credible signals capable of closing the
informational gap. Since its introduc-
tion, the framework has been extended
across organization theory, financial
economics, and, more recently, public
administration scholarship, where it is
deployed to analyze how governments
use policy instruments as signals to
shape governance behavior (Zhu and
Wang, 2025).

The application of signaling
theory to emissions trading systems is

institutionally well-grounded. A car-
bon market operates, at its core, as a
mechanism through which govern-
ment authorities transmit signals about
the regulatory price of carbon over a
forward-looking policy horizon (Wu et
al., 2024). The cap-and-trade architec-
ture—comprising total quantity lim-
its, allocation rules, and compliance
schedules—encodes a sequence of pol-
icy commitments that market partici-
pants must continuously interpret and
price. Carbon prices, therefore, are not
merely the outcome of supply-and-de-
mand equilibria; they are the market’s
running valuation of policy credibility,
regulatory intent, and abatement cost
expectations (Hintermann, 2010). The
accuracy and timeliness with which
prices incorporate new policy informa-
tion constitutes the primary measure
of how effectively the signaling mecha-
nism is functioning.

Yet a fundamental tension arises
when signaling theory is transported
into the carbon market context. Unlike
private market signals—which are often
standardized, numerically expressed,
and rapidly disseminated—climate pol-
icy signals are structurally complex,
textually dense, and institutionally
embedded. Legislative amendments,
regulatory guidance documents, in-
ternational negotiation outcomes, and
enforcement decisions are overwhelm-
ingly non-structured in form, requiring
interpretation against deep technical
and jurisdictional background knowl-
edge. Market participants face system-
atic cognitive constraints in processing
this informational complexity, produc-
ing characteristic inefficiencies: delayed
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signal incorporation (signal lag), dis-
tortion through heterogeneous inter-
pretation (signal noise), and systematic
mispricing relative to policy fundamen-

tals. It is against this background that
the present study poses the core explan-
atory framework illustrated in Figure 1.

A
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Figure 1. Theoretical framework

2.2 Core Conceptual Contribution:
Al as a Policy Signal Accelerator

This study conceptualizes the function
of artificial intelligence in carbon mar-
kets not as an algorithmic trading tool
but as a policy signal accelerator—an
information processing layer that com-
presses the time and informational loss
between policy signal generation and
complete price-level internalization.

This conceptualization draws on
two complementary bodies of scholar-
ship. From the public policy tradition,
Majone (1989) argues that the effective-
ness of any policy instrument depends
critically on the legibility of the signals
it encodes—the degree to which the tar-
get audience can decode the policy mes-
sage with accuracy and low ambiguity.

When legibility is low, even a well-de-
signed instrument fails to produce the
behavioral responses it intends. From
the market microstructure tradition,
Grossman and Stiglitz (1980) demon-
strate that the allocative efficiency of
any price-based mechanism depends
on the capacity of informed traders to
arbitrage informational gaps, a process
that is itself bounded by the cost and
difficulty of information acquisition
and processing.

The theoretical bridge between
these two traditions is provided by
ATs differential advantage in process-
ing non-structured, high-dimensional
policy information (Schiff and Schiff,
2023; Wellstead et al., 2024). Natural
language processing capabilities allow
Al systems to parse regulatory an-



Artificial Intelligence as a Policy Signal Accelerator for Carbon Market Decarbonization in China

nouncements, legislative records, and
multilateral agreement texts at a speed
and scale that is categorically inaccessi-
ble to human analysts or conventional
quantitative tools. Real-time sentiment
and policy stance monitoring systems
can continuously update market partic-
ipants’ policy priors without the latency
inherent in human review cycles. And
multi-source information fusion algo-
rithms can synthesize signals across ju-
risdictional boundaries—a capacity of
particular relevance in carbon markets
that are increasingly integrated across
regulatory regimes.

2.3 Causal Mechanisms:
Two Pathways of Price
Discovery Improvement

The theoretical framework generates
two distinct but complementary caus-
al pathways through which Al-aug-
mented information processing im-
proves carbon market price discovery.
These pathways differ in their tempo-
ral locus—one operates primarily at
the boundary between the overnight
non-trading period and the market
open, the other operates across the full
intraday price formation process—and
in the aspect of signal quality they most
directly address.

2.3.1 Signal Instantiation and
Intraday Price Correction

The first pathway concerns the speed
and completeness with which policy
signals are incorporated into opening
prices. In carbon markets, the overnight
non-trading period is a particularly
information-rich interval: regulatory
announcements, court rulings on com-

pliance decisions, legislative committee
proceedings, and international negotiat-
ing updates routinely accumulate during
hours when no trading is possible. The
degree to which these signals are re-
flected in the opening price, rather than
generating protracted intraday drift as
traders process and arbitrage the infor-
mational gap, is a direct measure of the
market’s signal instantiation capacity.

Alimproves this capacity through
two sub-mechanisms. First, by enabling
near-real-time automated parsing of
overnight policy documents, Al-assist-
ed platforms allow market participants
to arrive at the open with substantially
more complete policy priors, reducing
the structural informational asymme-
try between informed and uninformed
traders that drives mispricing at the
open (Admati and Pfleiderer, 1988).
Second, by generating continuous mon-
itoring outputs that update directional
policy stance estimates throughout the
overnight period, Al narrows the confi-
dence intervals around policy expecta-
tions (Silva, 2025), reducing the uncer-
tainty premium that otherwise inflates
intraday correction activity. The net re-
sult is a compression of the gap between
opening and closing prices that reflects
genuine informational updating rath-
er than liquidity-driven noise—a com-
pression that is theoretically measurable
through the intraday price correction
magnitude indicator.

2.3.2 Noise Filtering and the Price
Efficiency Ratio
The second pathway operates through

the composition of intraday price
movement rather than its overall mag-
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nitude. Even in markets with robust
overall liquidity, a significant share of
intraday price volatility reflects non-in-
formational forces: liquidity shocks,
short-term speculative positioning,
herding behavior among retail partic-
ipants, and the mechanical responses
of algorithmic strategies to price-level
triggers rather than fundamental sig-
nals. When these noise components
are large relative to information-driv-
en price movement, the price path be-
comes directionality-poor—prices tra-
verse a wide range intraday but close
near their opening level, suggesting that
most of the recorded movement was ul-
timately reversed and carried no poli-
cy-informational content.

AT addresses this problem by im-
proving the signal-to-noise ratio in the
information environment available to
market participants—a concept direct-
ly continuous with Grossman and Sti-
glitz’s (1980) foundational formulation.
By enabling sophisticated participants
to more precisely discriminate between
policy-relevant signals and market mi-
crostructure noise, Al-assisted infor-
mation processing raises the proportion
of price movement that is directionally
informed (Wang et al., 2024). Critically,
this effect is amplified in carbon mar-
kets by the structural opacity of climate
policy signals—the same regulatory de-
velopment that is immediately legible to
an Al-assisted analyst may remain am-
biguous to a conventional market par-
ticipant for several hours, creating tem-

porary informational wedges that noise
traders can exploit. As Al adoption in-
creases market-wide, these wedges nar-
row, and the ratio of directional to total
intraday price movement should rise
correspondingly—a dynamic captured
by the price efficiency ratio.

2.4 Research Hypotheses

Building on these theoretical founda-
tions, this study advances two research
hypotheses:

Hypothesis 1: Al adoption facili-
tates accelerated decarbonization under
climate policy, particularly within car-
bon emission trading markets.

Hypothesis 2: Al accelerates pol-
icy-driven decarbonization through a
signaling effect mechanism.

3. Methods

ection 3 outlines the research

methods and data. Section 3.1

presents the modeling of the
benchmark estimation model, includ-
ing the key variables and data. Section
3.2 provides the modeling of the event
study model and the descriptive statis-
tics of the key variables.

3.1 Baseline Estimation Model

Drawing on annual panel data from 288
Chinese cities, this study constructs a
triple-difference model to quantify the
impact of AI on the decarbonization
potential of carbon emission trading
systems.

Y,= ﬁlAIitx CETSl,t+ ﬁzAIit + ﬁ3CETS”+ yX, + 8i+ n,+E€E,

(1
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where the core explanatory variable
is the interaction term AL x CETS,_,
which captures the policy effect of Al in
pilot cities i under the carbon emission
trading system in year £. Specifically, AI,
is a continuous variable measured by
the logarithm of the number of Al-re-
lated invention patent applications. Pat-
ent data are sourced from the National
Intellectual Property Administration.
CETS, is a dummy variable indicating
the implementation of the carbon emis-
sion trading system; it takes the value of
1 for cities designated as pilot regions
for the market-based climate policy
from 2013 onward, and 0 otherwise.
Policy implementation data are derived
from the National Energy Administra-
tion, with detailed information on the
treatment group presented in Appendix
Table A1'.

The dependent variable Y, de-
notes the logarithm of carbon emis-
sions for city i in year . Raw carbon
emission data are obtained from the
Carbon Emission Accounts and Data-
sets (CEADs) and matched to city-year
observations spanning 2000 to 2016
(Chen et al., 2020). For robustness
testing, we employ an alternative data-
set from the Emissions Database for
Global Atmospheric Research, which
covers the period from 2000 to 2022,
to re-examine our findings (Crippa et
al., 2023). To mitigate omitted variable
bias, the analysis controls for key city
characteristics such as gross domestic
product (GDP), population size, indus-
trial output, and infrastructure (e.g.,
airports and high-speed rail).

The reasons for controlling these
variables are as follows: GDP reflects
economic development levels and re-
source accessibility, which are close-
ly related to energy consumption and
carbon emissions; population size rep-
resents the fundamental scale effect
of energy demand; industrial output
directly affects energy structure and
emission intensity; airports and high-
speed rail represent transportation in-
frastructure, which is related to urban
energy consumption patterns, techno-
logical diffusion, and Al application
environments. Previous research indi-
cates that these variables are important
determinants of carbon emissions, and
neglecting them may lead to omitted
variable bias (Hickel and Kallis, 2020;
Lin etal., 2021; Pu and Xia, 2025; Siban-
da and Ndlela, 2020; Whitmarsh et al.,
2020), thereby affecting the accuracy of
the causal relationship between AI and
market-based climate policy.

To address the issue of unob-
served factors and potential omitted
variable bias, the study further controls
for city fixed effects §, and year fixed
effects 7,. In terms of estimation coef-
ficients, 3, captures the contribution of
AT to the decarbonization potential of
the carbon emission trading system. If
the estimated coefficient f3, is negative
and statistically significant, it indicates
that AI contributes to enhancing the
decarbonization potential of the carbon
emission trading system. The estima-
tion uses ordinary least squares with
robust standard errors to conduct valid
statistical inference.

1 All supporting materials can be obtained through the following channels: https://doi.org/10.13140/

RG.2.2.27808.34563
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3.2 Event Study Model

Additionally, the validity of the baseline
model estimation relies on the assump-
tion that the carbon emission trends of
the treatment and control groups are
similar prior to the quasi-experimen-
tal intervention. If the carbon emission
differences between the treatment and
control groups are not statistically sig-
nificant before the policy implemen-
tation, the baseline estimate can be
interpreted as the causal effect of the
intervention. This assumption is known
as the parallel trends assumption (Liu et

al., 2024). Given that the Al variable is
originally continuous, and to facilitate
the use of an event study framework,
this study transforms it into a binary in-
dicator. Specifically, cities with Al levels
above the median are assigned a value
of 1 (high AI group), and cities with AI
levels below the median are assigned a
value of 0 (low AI group). This trans-
formation ensures that the interaction
term in the model becomes binary, thus
meeting the identification requirements
of the event study design. The corre-
sponding econometric specification is
constructed as follows:

Yie = Xksos,2—1 Ok Al_dummyy, X CETSy, + piAl_dummy;, + poCETS; +yXie + 8; + 1 + €

where the interaction term captures the
variation in carbon emission trends be-
tween the treatment and control groups
before and after the quasi-experimental
intervention. When k is less than 0 and
the estimated coeflicient is not statisti-
cally significant, it indicates that there
are no systematic differences in carbon
emissions between the treatment and
control groups prior to the quasi-exper-
imental intervention. When k is greater
than or equal to 0 and the estimated co-
efficient is negative and statistically sig-
nificant, the reduction in carbon emis-
sions in the treatment group relative to
the control group can be interpreted as
the net effect of the quasi-experimental
intervention. The other variables re-
main consistent with the baseline esti-
mation model. Table A2 reports the de-
scriptive statistics of the main variables.
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4. Empirical Results

ection 4 presents the empirical re-

sults in detail. Section 4.1 reports

the baseline estimation results,
Section 4.2 provides the mechanism
analysis results, and Section 4.3 pres-
ents the robustness check results.

4.1 Baseline Results

Table 1 reports the baseline impact of
incorporating Al into the carbon emis-
sion trading system on carbon reduc-
tion. Column (1) controls for the main
effects, city fixed effects, and year fixed
effects, showing that compared to the
control group, Al reduces carbon emis-
sions in the treatment group by 2.53%,
which is statistically significant at the
1% level. To further mitigate the impact
of omitted variables, columns (2) to (6)
progressively add control variables re-
lated to city characteristics. The base-
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line estimated coefficient of the carbon
emission trading system’s impact on
carbon reduction gradually decreases
to 2.1%, still statistically significant at
the 1% level. These baseline estimation
results provide preliminary support for
Hypothesis 1, indicating that AI con-
tributes to enhancing the decarboniza-
tion potential of the carbon emission
trading system.

Regarding the control variables,
GDP, industrial output, and airports all
significantly increase carbon emissions
at the statistical level, while high-speed

rail significantly reduces carbon emis-
sions. The relationship between pop-
ulation and carbon emissions is not
statistically significant. The estimated
coefficients for most control variables
align with expectations. However, it
should be noted that since the quasi-ex-
perimental intervention focuses on the
core explanatory variable, and the con-
trol variables serve to enhance the ac-
curacy of the quasi-experimental inter-
vention estimates, the coeflicients for
these control variables do not require
extensive interpretation.

Table 1. Baseline estimation of AI's role in promoting decarbonization in carbon emission

trading system

Dependent variable: Carbon emissions (logged)

(1) (2) 3) (4) (5) (6)
AIXCETS -0.0253*%*  -0.0271*%*  -0.0267*** -0.0214*** -0.0215%** -0.0210***
(0.0038) (0.0039) (0.0039) (0.0038) (0.0037) (0.0037)
GDP 0.2316%**  0.2363***  0.1586*** 0.1512*** 0.1503***
(0.0161)  (0.0166)  (0.0208)  (0.0203)  (0.0202)
Population -0.0333 -0.0101 -0.0026 -0.0009
(0.0282) (0.0263) (0.0258) (0.0259)
Industry output 0.0663*  0.0685*  0.0680***
(0.0077) (0.0077) (0.0077)
Airport 0.0537%%*  0.0517***
(0.0102)  (0.0102)
High-speed rail -0.0149%%*
(0.0051)
Main effects Yes Yes Yes Yes Yes Yes
City fixed effects Yes Yes Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes Yes Yes
Observations 4447 4445 4445 4438 4438 4438
Adjusted R? 0.9856 0.9873 0.9873 0.9877 0.9878 0.9878

Note: This table reports the baseline estimation of AT’s role in promoting decarbonization in carbon emission trad-
ing system. The dependent variable is carbon emissions (logged), and the core explanatory variable is AIXxCETS,
which represents the degree to which Al is integrated into the carbon emission trading system. The control strategy
includes main effects, city control variables, city fixed effects, and year fixed effects. Numbers in parentheses rep-

resent robust standard errors.

% P * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.
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4.2 Mechanism Investigation

To illuminate the pathway through
which AI adoption translates into re-
duced carbon emissions within pilot re-
gions, this study posits that AI enhanc-
es the information efficiency of carbon
trading markets, thereby strengthening
the price signal that disciplines firm-lev-
el abatement behavior. We follow the
structure of the baseline specification
in Equation (1) and substitute the pri-
mary outcome variable with the price
efficiency ratio (Barclay et al., 2008),
defined as . This ratio, derived from dai-
ly carbon market transaction records
sourced from the China Stock Market
& Accounting Research (CSMAR) da-
tabase and aggregated from the daily
city level to the annual city level, cap-
tures the degree to which intraday price
movement reflects net directional in-
formation rather than random noise. A
value approaching unity indicates that
prices move decisively from open to
close relative to the full daily range—
signaling that informed trading domi-
nates and that market participants are
efficiently incorporating new informa-
tion into price discovery. Conversely,
lower values reflect greater mid-session
price reversals, consistent with elevated
noise trading and diminished informa-
tional content.

The estimation sample is restrict-
ed to cities covered by the carbon emis-
sion trading system pilot programs, and
the key explanatory variable remains
the city-level AI patent number. Results
are presented in Figure 2, which reports
the estimated coefficient on Al under
both the baseline specification with-

12

out additional controls and the fully
controlled specification. The estimated
coefficient on Al is positive and statis-
tically significant in both specifications,
with point estimates of approximately
0.116 in each case and 95% confidence
intervals lying largely above zero. This
finding indicates that greater AI adop-
tion is associated with a measurable
improvement in carbon market price
efficiency, specifically a higher price ef-
ficiency ratio, within carbon emission
trading system pilot cities. These results
lend empirical support to Hypothesis
2. AT technologies deployed by market
participants, including machine learn-
ing-based forecasting models, high-fre-
quency information aggregation, and
automated trading systems, appear to
reduce the share of noise-driven trans-
actions and enhance the extent to which
carbon permit prices reflect underlying
supply and demand fundamentals. As
market prices become more informa-
tionally efficient, they transmit cleaner
and more credible cost signals to regu-
lated entities, strengthening the incen-
tive to invest in abatement technologies
and low-carbon production processes.

4.3 Robustness Checks
4.3.1 Parallel Trends Test

Figure 3 reports the results of the paral-
lel trends test based on the event study
specification in Equation (2). Prior to
the quasi-experimental intervention,
the differences in carbon emissions be-
tween the treatment and control groups
are not statistically significant. Howev-
er, following the intervention, a notice-
able decline in carbon emissions is ob-
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Figure 2. Mechanism analysis results

Note: The two sets of estimates differ in that the former excludes control variables and fixed effects, whereas
the latter incorporates the full set of controls and fixed effects.
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Figure 3. Dynamic effect estimation

Note: This figure reports the dynamic effect estimation of AI on decarbonization in carbon emission trading
system. The horizontal axis represents the event time, relative to the year of the quasi-experimental shock.
The vertical axis represents the estimated coefficients, showing the difference in carbon emissions (logged)
between the treatment and control groups. The control strategy includes main effects, city control variables,
city fixed effects, and year fixed effects, along with the 95% confidence intervals.
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served in the treatment group relative
to the control group. These post-inter-
vention differences, compared with the
pre-intervention differences, provide
evidence consistent with the parallel
trends assumption, suggesting that the
observed reduction in carbon emis-
sions in the treatment group is attribut-
able to ATls integration into the carbon
emission trading system rather than to
pre-existing differences between the
two groups.

4.3.2 Propensity Score Matching
Estimation

Figure Al reports the reduction in bias
of city-level characteristic variables
before and after 1:1 nearest-neighbor
matching, showing that the average
bias decreases to below 25%, indicat-
ing a satisfactory matching quality. Af-
ter removing samples with substantial
differences between the treatment and
control groups, the baseline model is
re-estimated. The specification remains
consistent with the baseline estimation,
incorporating main effects, city fixed
effects, year fixed effects, and city-lev-
el characteristic variables. As shown in
Table A3, the propensity score matching
estimate is robust, with AI contributing
to a 2.7% reduction in carbon emissions
in the treatment group relative to the
control group, statistically significant at
the 1% level.

4.3.3 Placebo Test and Controlling for
Other Climate Policies

Figure A2 presents the results of 100
placebo test re-estimations, indicating
that the vast majority of placebo effects
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are smaller than the estimated coefh-
cient for the treatment group. This pro-
vides preliminary evidence that omit-
ted variables pose limited threats to the
validity of the results. We further con-
trol for three climate policies that may
confound the baseline estimation: the
low-carbon city pilot program, pollu-
tion information disclosure, and cen-
tral environmental inspections. These
policies are coded as binary variables,
assigned a value of one for the specif-
ic cities and years in which they were
implemented and zero otherwise, and
are included as control variables in the
baseline model. As shown in Table A4,
after controlling for the effects of these
additional policies, Al contributes to a
2.09% reduction in carbon emissions in
the treatment group relative to the con-
trol group, statistically significant at the
1% level.

4.3.4 Alternative Indicators and
Extended Time Period Tests

We examine the sensitivity of the results
using alternative indicators, includ-
ing the logarithm of Al-related utility
model patent applications, the number
of authorized invention patents, and
the number of authorized utility mod-
el patents. Tables A5 through A7 show
that, even when employing different
measurement indicators, Al contrib-
utes to reducing carbon emissions in
the treatment group by 2.3%, 1.99%,
and 2.42%, respectively, all statistically
significant at the 1% level. Furthermore,
the baseline model is re-estimated us-
ing the most recent carbon emission
data from the Emissions Database for
Global Atmospheric Research, extend-
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ing the analysis through 2022 (covering
the full period from 2000 to 2022). The
results remain consistent with the main
findings, as demonstrated in Figure A3,
thereby providing additional support
for the robustness of the study’s conclu-
sions.

4.3.5 Additional Robustness Checks

Entropy Balancing. A potential
threat to the baseline estimates aris-
es from pre-treatment differences be-
tween Al-adopting and non-adopting
cities that may confound the estimated
effect of AI x CETS. To address this, we
implement entropy balancing, a covari-
ate-balancing preprocessing technique
that reweights control-group observa-
tions so that the weighted moments of
key covariates—GDP, population, in-
dustry output, airport infrastructure,
and high-speed rail access—match
those of the treatment group. Table
A8 reports the covariate distributions
before and after balancing. After re-
weighting, the means, variances, and
skewness statistics of all five covariates
are closely aligned across the treatment
and control groups, confirming that
systematic pre-treatment heteroge-
neity has been effectively eliminated.
As shown in Column (1) of Table A9,
re-estimating the baseline specification
on the entropy-balanced sample yields a
coefficient on AI x CETS of —0.0175 (p
< 0.01), consistent in sign, magnitude,
and statistical significance with the
baseline result. This finding confirms
that the main effect is not an artifact of
pre-existing compositional differences
between cities.
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Instrumental Variable (IV) Es-
timation. Two interrelated concerns
motivate an IV approach. First, using
Al-related invention patent applica-
tions as a proxy for actual Al adoption
introduces measurement error: patents
capture innovative activity rather than
deployment, and a substantial share of
filed patents may never translate into
operational applications in climate
governance contexts. Second, a reverse
causality concern exists whereby cities
confronting more severe carbon emis-
sion pressure may proactively invest in
Al technology, conflating the proposed
causal pathway (AI adoption > emis-
sions reduction) with its reverse. To
jointly address these issues, we instru-
ment for AI x CETS using the interac-
tion between the number of post offic-
es per million inhabitants in 1984 and
the one-year lagged value of the core
explanatory variable. Historical postal
infrastructure serves as a plausible in-
strument because it predicts the early
diffusion of information and commu-
nication technologies, and by extension
contemporary Al capacity, while being
otherwise unrelated to current carbon
emission levels conditional on the in-
cluded controls. The Cragg-Donald
Wald F-statistic of 1,093.532 substan-
tially exceeds conventional weak-in-
strument thresholds, validating instru-
ment relevance. Column (2) of Table
A9 reports the IV estimates; the coeffi-
cient on AI x CETS is —0.0141 (p<0.1),
confirming that the negative effect of
Al-enabled policy enforcement on car-
bon emissions is not driven by mea-
surement error in the proxy variable or
by reverse causality.
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Additional Control Variables.
Omitting determinants of carbon emis-
sions that are correlated with both AI
adoption and carbon market participa-
tion risks biasing the estimated interac-
tion effect. Two such confounders are
of particular concern: energy structure
and environmental regulatory intensi-
ty. We therefore augment the baseline
specification with province-year level
coal consumption (sourced from the
Chinese Research Data Services Plat-
form and merged to the city-year panel)
as a measure of energy mix, and with
the annual count of environmental ad-
ministrative penalty cases at the city lev-
el (sourced from the Peking University
Law database) as a proxy for regulatory
enforcement stringency. Column (3) of
Table A9 reports the results. The coef-
ficient on AI x CETS remains negative
and statistically significant at —0.0126
(p < 0.01), while GDP, industry output,
and airport infrastructure continue to
exhibit positive and significant associa-
tions with carbon emissions, consistent
with prior expectations. The stability of
the core estimate after the inclusion of
these additional controls suggests that
omitted variable bias is unlikely to ac-
count for the main findings.

5. Discussion

5.1 Al as a Complement to, not
a Substitute for, Policy Design

he findings of this study speak
to a central question in the pub-
lic policy literature: what de-
termines whether a policy instrument
achieves its intended behavioral effects?
As Capano and Howlett (2020) argue,
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the success of any instrument depends
not only on its technical architecture—
the precision of its targets, the strin-
gency of enforcement, the clarity of
compliance schedules—but also on the
design attributes that shape how target
populations perceive and respond to
the policy. Among these attributes, pol-
icy legibility (Chen and Greitens, 2022)
and credibility (Fan et al., 2021) are
especially consequential—a well-de-
signed regulatory instrument that is
opaque in communication or inconsis-
tent in enforcement will fail to elicit the
behavioral responses it intends.

Our results suggest that Al func-
tions as an amplifier of these design
attributes within the carbon emission
trading system. By enabling near-re-
al-time parsing of regulatory texts and
policy announcements, Al-assisted in-
formation systems reduce the cognitive
cost that market participants must in-
cur to decode carbon market signals.
This does not simplify the underlying
regulatory content; rather, it lowers the
barrier to understanding it. At the same
time, the improvement in the price effi-
ciency ratio documented in our mech-
anism analysis indicates that policy
commitments are reflected in carbon
prices more rapidly and completely.
When market participants observe that
prices respond coherently to new poli-
cy information, confidence in the reg-
ulatory regime’s forward-looking com-
mitments is reinforced, strengthening
incentives for long-horizon abatement
investment.

This interpretation carries an im-
portant implication: AI does not render
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good policy design irrelevant; it rais-
es the returns to it. A poorly designed
carbon market—one with opaque allo-
cation rules, inconsistent enforcement,
or politically driven cap adjustments—
would generate noisy and contradictory
signals that even sophisticated AI sys-
tems could not coherently synthesize.
The emission reductions documented
here are therefore best understood as
a joint product of institutional design
quality and technological informa-
tion-processing capacity, not as evi-
dence that technology can substitute for
institutional quality.

5.2 Market Participation
and Price Discovery

Our mechanism evidence also sheds
light on how AI affects the quality of
market participation. The improvement
in the price efficiency ratio indicates
that a larger share of intraday price
movement in Al-augmented pilot cities
reflects genuine informational updating
rather than noise or liquidity-driven re-
versals. This pattern is consistent with a
market in which informational barriers
between informed and uninformed par-
ticipants have been reduced, enabling
a broader set of actors to engage with
policy-relevant information when mak-
ing trading decisions. The finding con-
nects to Grossman and Stiglitz’s (1980)
foundational insight that the allocative
efficiency of price-based mechanisms
is bounded by the cost of information
acquisition—by reducing this cost, Al
tilts the composition of market activity
toward fundamentals-driven participa-
tion. In practical terms, Al appears to
shift the margin of market engagement
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from minimal compliance toward more
informed trading behavior, thereby
strengthening the price discovery func-
tion that gives emissions trading its dy-
namic efficiency advantage over com-
mand-and-control alternatives.

5.3 Contextualizing the
Magnitude of Effects

The estimated reduction of approxi-
mately 2.1 percent in carbon emissions,
while modest in absolute terms, should
be interpreted against two benchmarks.
First, it represents an incremental gain
layered on top of an already functioning
cap-and-trade system—a marginal effi-
ciency improvement that compounds
over time as Al adoption deepens. Sec-
ond, the estimate captures only the in-
formational channel of AT’s impact; the
full decarbonization potential of Al
encompassing direct applications in
energy management, industrial process
optimization, and grid coordination, is
likely substantially larger. The modesty
of the estimated effect is a feature of the
identification strategy, which isolates
one theoretically precise mechanism,
rather than a limitation of the analysis.

6. Conclusion
6.1 Summary of Findings

his study investigates whether
and how Al accelerates decar-
bonization within China’s car-
bon emission trading system. Drawing
on signaling theory transposed into a
public policy context, we conceptual-
ize Al as a policy signal accelerator—an
information-processing layer that com-
presses the temporal and cognitive dis-
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tance between the generation of climate
policy signals and their internalization
into carbon market prices. The empiri-
cal analysis exploits a quasi-experimen-
tal design in which the staggered roll-
out of carbon emission trading system
pilots across Chinese cities provides
plausibly exogenous variation in expo-
sure to Al-augmented carbon trading
infrastructure.

Three principal findings emerge.
First, triple-difference estimates indi-
cate that Al integration into the carbon
emission trading system reduces car-
bon emissions in treatment-group cities
by approximately 2.1 percent relative to
control-group cities, a result that is sta-
tistically significant at the one percent
level and robust across a comprehensive
battery of sensitivity checks. Second,
mechanism analysis reveals that Al
adoption is associated with a statistical-
ly significant increase in the price effi-
ciency ratio within carbon trading pilot
cities, indicating that AI compresses the
share of noise-driven transactions in
intraday price movements. Third, these
findings validate the study’s two core
hypotheses: AI contributes to accelerat-
ing decarbonization through the carbon
emission trading system (Hypothesis
1), and it does so via a signaling-eff-
ciency mechanism that improves mar-
ket price discovery (Hypothesis 2).

6.2 Policy Implications

The findings yield several actionable
implications. First, governments should
invest in the digital information infra-
structure surrounding carbon mar-
kets, not only in market architecture
itself. The evidence that AI improves

18

the price efficiency ratio—and that this
improvement translates into emission
reductions—implies that policies pro-
moting Al-assisted market monitoring
and real-time regulatory text analysis
can complement conventional cap-and-
trade design parameters. Public invest-
ment in open-access, Al-powered pol-
icy information platforms could help
democratize informational advantages
that currently accrue to technologically
advanced participants.

Second, the finding that AI am-
plifies the returns to good policy design
underscores the importance of regula-
tory clarity. In an environment where
Al systems continuously parse and
price regulatory signals, ambiguity or
politically motivated deviations from
announced policy trajectories will be
identified and priced more rapidly than
in a pre-Al regime. Well-communicat-
ed commitments will be rewarded with
faster market adjustment and stronger
abatement incentives; policy reversals
will be penalized more swiftly.

Third, as carbon markets ex-
pand—including through the ongoing
national rollout of Chinas emission
trading system—policymakers should
proactively address the distributional
implications of Al-augmented infor-
mation processing. This may involve
establishing minimum digital infra-
structure standards for market partici-
pation, providing technical assistance to
smaller emitters, and designing surveil-
lance mechanisms capable of detecting
whether Al-driven informational ad-
vantages produce systematic patterns of
market power.
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6.3 Limitations and Future Research

This study is subject to several limita-
tions. First, the measurement of Al
adoption relies on patent-based indi-
cators at the city level—a proxy that
captures the intensity of technological
activity but does not directly observe
the deployment of specific Al applica-
tions within carbon trading operations.
Future research employing firm-level
data on Al tool adoption, or exploiting
natural experiments associated with the
rollout of specific Al-powered trading
platforms, would permit more granular
identification.

Second, the analysis is confined
to the Chinese carbon emission trad-
ing system, which operates within a
distinctive institutional context char-
acterized by strong state capacity and
centralized regulatory authority. While
the theoretical framework is general-
izable in principle, the empirical mag-
nitudes may differ in systems with dif-
ferent institutional configurations, such
as the EU Emissions Trading System or
nascent carbon markets in developing
economies. Cross-country comparative
research is needed to assess external va-
lidity.

Third, the study documents an
average treatment effect without disag-
gregating across firm types, industrial
sectors, or regional development levels.
As noted in the discussion, the distri-
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butional dimension of Al-augmented
market efficiency is both theoretical-
ly important and policy-relevant, and
heterogeneous treatment effect analysis
should be a priority for future work.

Fourth, the temporal scope of
the analysis does not capture the most
recent advances in generative Al and
large language models, which have
dramatically expanded the -capacity
of Al systems to process complex, un-
structured policy information. As these
technologies diffuse into carbon mar-
ket operations, their effects on price
discovery may be qualitatively different
from those estimated here. Longitudi-
nal research tracking the co-evolution
of Al capabilities and carbon market
performance will be important.

Finally, this study focuses on the
informational channel but does not
examine potential feedback effects be-
tween Al-augmented price discovery
and the political economy of cap-set-
ting. If improved price signals make
it easier for regulators to tighten caps
by demonstrating that abatement is
cost-effective, the long-run impact of
Al integration may exceed what the
current estimates suggest. Exploring
these recursive dynamics between tech-
nology, market efficiency, and policy
ambition represents a productive fron-
tier for research at the intersection of
public policy, environmental econom-
ics, and computational social science.
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