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Introduction: Air pollution remains the leading environmental risk factor for
human health. Although artificial intelligence (Al) has demonstrated strong
technical potential for air quality monitoring and prediction, its integration into
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Introduction to human and ecosystem. Major pollutants include

Air pollution refers to the presence of chemical, particulate matter (PM), ground-level ozone, sulfur
physical, or biological substances in the and nitrogen oxides, carbon monoxide, volatile
atmosphere that degrade air quality and pose risks organic compounds, heavy metals, and polycyclic
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aromatic hydrocarbons 2,

Despite technological progress, global air
quality remains poor. More than 99% of the
world’s population is exposed to pollutant levels
that exceed the World Health Organization (WHO)
thresholds for PM. s, nitrogen dioxide, ozone, and
sulfur dioxide. Ambient air pollution continues to
be the leading environmental health risk, causing
nearly nine million premature deaths annually—
approximately one in every six worldwide 4.

Recent advances in artificial intelligence (Al)
and machine learning (ML) have opened new
possibilities for managing air pollution. Al-based
systems are increasingly used for monitoring,
forecasting, and decision support, with the
potential to inform data-driven and near—real-time
environmental governance. Empirical evidence
demonstrates that Al models can accurately predict
fine particulate concentrations (e.g., PMo.s),
thereby supporting region-specific  pollution
control  strategies, with reported prediction
accuracies exceeding 90% in countries such as
India and China ™. Moreover, Al enhances
computational efficiency, accelerates decision-
making !, and supports sustainable pollution
control through the improved integration of
complex environmental data 1224,

These capabilities underline the potential of Al
as a transformative tool for addressing global air
pollution. However, realizing this potential
requires deliberate planning, sound governance,
and regulatory safeguards to ensure its responsible
and equitable deployment. Therefore, the
establishment of robust strategies and policy
frameworks is widely recognized as an important
enabling condition for the sustainable and effective
integration of Al technologies in air quality
management.

While previous reviews have extensively
explored the technical applications of Al, such as
modeling, prediction, and health impact analysis,
comparatively few have explicitly addressed
policy, strategic, or regulatory perspectives. For
instance, a scientometric review of Al and air
pollution research revealed strong growth in China
and the United States, mainly focusing on machine
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learning, PM2.5 prediction, and low-cost sensors,
but noted limited interdisciplinary and policy-
related collaborations '°. Another systematic
review examined Al-based methods for predicting
the health impacts of air pollution, identifying
research gaps, and proposing federated learning
models linking pollution, socioeconomic factors,
and health outcomes 6. A further review compared
machine learning and deep learning approaches for
pollutant forecasting, emphasizing spatiotemporal
feature integration and calling for enhanced model
interpretability and broader applications *’.

Despite these contributions, no previous study
has systematically analyzed the policies, strategies,
and governance mechanisms that guide Al
adoption in air pollution management. Addressing
this gap, the present scoping review aims to
identify, categorize, and synthesize global policy-
oriented literature to map existing approaches and
identify patterns and gaps relevant to evidence-
informed policymaking in this emerging domain.

Methods

This study employed a scoping review approach
to identify, categorize, and synthesize policy
documents, official reports, and scholarly literature
related to the use of artificial intelligence (Al) in
air pollution control and management. Scoping
reviews are particularly suited to emerging
multidisciplinary fields where knowledge is
fragmented, enabling a comprehensive overview of
the current landscape and research gaps *8.

Conceptual framework and review questions

This review followed the five-stage framework
proposed by Arksey and O’Malley and later
refined by Levac et al. > 2, The stages included:
(1) identifying the research question, (2)
identifying relevant studies, (3) study selection, (4)
charting the data, and (5) collating, summarizing,
and reporting the results.

The main research question was; “What policies,
strategies, and mechanisms have been proposed for
the use of Al technologies in air pollution control
and reduction at national or international levels?”

Additional sub-questions were as follows:

e What are the existing applications of Al in the
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management of air pollution?

e What are the benefits associated with these
applications?

e What challenges and barriers hinder their
implementation?

Search strategy

A systematic search was conducted across major
academic databases, including Scopus, Web of
Science, PubMed, ProQuest, Ovid, and Google
Scholar. To locate policy documents and official
reports, targeted searches were conducted using
Google and the websites of international and
national environmental policy organizations. The
search strings combined three conceptual groups:
Al, air pollution, and policy. To enhance
reproducibility, the complete search strings for all
databases, including Boolean operators and field
restrictions, are provided in the Supplementary
File. Only English-language publications between
2015 and 2025 were included, reflecting the period
during which Al-driven environmental governance
gained policy relevance.

Inclusion and exclusion criteria

Eligible studies and documents explicitly
addressed the application of Al in controlling air
pollution and contained policy, institutional, or
strategic dimensions (e.g., policy frameworks,
regulatory analyses, and governance strategies).
Technical or laboratory-based Al studies with no
relevance to environmental policy were excluded.

During the screening process, records were
excluded at the title and abstract stage if they
focused solely on the technical or algorithmic
aspects of Al without policy, governance, or
regulatory relevance. Full-text screening further
excluded studies that addressed environmental
sustainability broadly without specific reference to
air pollution management or that discussed Al
conceptually without actionable policy
implications. The selection process and reasons for
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exclusion at each stage are summarized in the
PRISMA-ScR flowchart (Figure 1).

Screening and selection

All retrieved records were imported into
Endnote, and duplicates were removed. Screening
was conducted by two authors in two sequential
stages (title/abstract screening and full-text review)
based on the predefined inclusion and exclusion
criteria. The reasons for exclusion at the full-text
stage were documented to ensure transparency and
replicability. The selection process was performed
in accordance with the PRISMA-ScR standards
(Figure 1).

Data extraction and analysis

Data were analyzed through thematic analysis
by two authors to identify themes and subthemes
related to Al applications, benefits, concerns, and
policy strategies. The final documents were coded
and analyzed using MaxQDA software. The
thematic analysis followed an iterative and
inductive process. Initial open codes were
generated directly from the data and then refined
and grouped into higher-order themes through
repeated review and comparison. The coding
decisions were continuously reviewed to ensure
internal consistency and transparency. An audit
trail of the coding decisions was maintained
throughout the analysis.

Results

The screening process resulted in the inclusion
of eight documents, including peer-reviewed
research articles and official policy reports. Figure
1 presents the screening process, and Table 1 lists
the sources included in this review. Thematic
analysis identified four overarching categories:
applications of Al, perceived benefits, concerns
and challenges, and policy responses or enabling
mechanisms (Figure 2).
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Table 1: Included documents

Bouzarjomehri H, et al.

Title Authors Source — Type Yr.
Application of machine learning initiatives Journal of Cleaner
and intelligent perspectives for CO2 L. Farahzadi and M. Kioumarsi . . 2023
L S g Production — Journal article
emissions reduction in construction
Compliance and enforcement in a brave new  D. Omrow, M. Anagnostou, P.
(green) world: best practices and technologies  Cassey, S. J. Cooke, S. Jordan, Facets — Journal article 2024
for green governance A. E. Kirkwood
Development of Environmental Action Plans  H. S. Chen, K. I. Tam, Y. L. . .
for Adaptation to Climate Change: A Zhao, L. Yuan, W. Y. Wang, M. é:;g;?clhaﬂdjop‘l;:ngf Zlgzle 2023
Perspective of Air Quality Management R. S. Lin, etal.
Enhs_tn_cmg En\_/lronmgntal Re_smgnce: A. Mahule, K. Roy, A. D. A_rt|f|C|aI_ Intelllg_enc_e for
Precision in Air Quality Monitoring through Sawarkar and S. Lachure Air Quality Monitoringand 2024
Al- Driven Real- Time Systems ' Prediction — Book chapter
Improw_ng Air Quality Monitoring Sp!utlon Asia-Pacific Economic APEQ Policy Partnership
for Environmental Governance on Cities and - on Science, Technology 2025
. Cooperation (APEC) .
Industries and Innovation — Report
Machine Learning Applications in Air A. Upadhyay, P. Sharma and S. A_rt|f|C|aI. Intelllggncg for
Quality Management and Policies Chowdhur Air Quality Monitoring and 2024
y g y Prediction — Book chapter
. . . D. O. Topping, A. C. Lewis, J. The government of
iSnta;tiermir;t“?n TitgEiflom erTe] Setopiiion 6ff AL D. Allan, J. Barnes, S. Beevers,  Scottish, the Welsh, and the 2024
quality D. C. Carslaw, et al. Northern Ireland — Report
Urba_n d(_eS|gn and pollution using AI.: . X. Zheng, Z. Ma and Z. Yuang Heliyon — Journal article 2024
Implications for urban development in China
g
£ Records identified through Additional records identified
é database searching through other sources
< (n=4771) (n=3)
=
<
A 4
o5 Records after duplicates removed Records excluded
£ (n =2930) (n=2614)
g
# v
Rrsorcs avﬁgr aereensd Records excluded
by Title = 289)
(n=>316) =2
E‘ Records after screening
= by abstract » Tull-text articles excluded, with
(n=27) reasons (n = 19):
e Not Policy study (n = 16)
y e Editorial & comment (n=1)
3 Studies included in e Not related to the application of
= qualitative synthesis Al in air quality control (n = 2)
! n=23)
=
Figure 1: Screening process flowchart.
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Perceived Benefits and

Added Value

ePattern Recognition and predictive capabilities

Al Applications and Use-
Cases in Air Quality
Management

eExpansion of real-time data capture and
monitoring systems

eDevelopment of responsive, data-driven
policies

eGreen materials, components & instruments
design & production

*Optimizing urban design, transportation &
industrial activities

eEnergy and waste management

ePredicting environmental effects of human ]

perspective

decision-making

activities ‘ Anticipated Challenges
and Concerns

eConducting in-depth health impact
assessments

oFilling missing spatial and temporal data ! ®Al accuracy
eAssessment of sentiment responses in social =P elow quality input data
media eData Privacy

eEstimating personal exposure
*Rebound effects

£ eSocietal limitations

elmproving Environmental Research
eEnergy efficiency and reducing waste
eImproved air quality and quality of life
eEconomic Benefits

ebudget constraints

eData integration and comprehensive

eReal-time data availability and swift Detection
eActionable insights to empower timely

Policy Responses and
Enabling Mechanisms

eDevelop comprehensive strategy and
regulatory framework
*Build governance structure

I *Fund cost-effective scalable digital
infrastructures
eMake cross-disciplinary national and
international partnerships
eStrengthen public and private regional
collaborations
eTrain and educate staff and public
eControl and open essential data

Figure 2: Applications, Consequences and Policy Responses Framework (Main themes and sub-themes).

Applications of Al in Air Quality Management

The most frequent application of Al in air
pollution management is real-time air quality
monitoring and forecasting. Technical studies have
highlighted AI’s strong capability in predicting
pollutant dynamics, with the potential to support
timely policy actions and evidence-informed
environmental protection 22,

However, AI’s role extends beyond monitoring
and prediction. Several documents emphasize data-
driven and evidence-informed policymaking, in
which Al supports the allocation of financial and
environmental resources, optimization of emission-
reduction strategies, rapid evaluation of policy
effectiveness, and automated regulatory decision-
making 2>%°. The ability to capture and process real-
time data is fundamental for adaptive and flexible
air quality governance, enabling dynamic
regulations that adjust to pollution trends and new
patterns. Data-driven policymaking enables more
precise targeting of interventions in high-exposure
areas and periods .

Al applications have also been reported in green
products, materials, and process design, including
the optimization of wind-turbine performance,

CCBY 4.0

predictive maintenance in solar power plants 2*, and
low-emission material innovation in construction
and heavy industry 2%, Other uses include supporting
cleaner urban design, sustainable transport planning,
waste management, and energy optimization
through Al-assisted modeling 2 25, Al can also
anticipate the future environmental impacts of
human activities and assess the health implications
of air pollution exposure 2> %,

Less frequently reported uses included data noise
reduction, filling spatial and temporal gaps %,
sentiment analysis of social media ?, and Al-
enabled personal gadgets and wearables for health
risk estimation 7.

Benefits and Added Value

Al has demonstrated substantial added value in
environmental governance. The reported benefits
include pattern recognition in large, heterogeneous
datasets, integration of multi-source data, and
improved predictive accuracy #. Al facilitates
access to real-time environmental information and
supports rapid and evidence-based policy responses
2228 These systems also provide timely and
actionable insights for stakeholders in public health,
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urban planning, and policy development, as well as
early warnings to wvulnerable populations %,
Enhanced data accessibility improves scientific
research and supports long-term monitoring and
evaluation %,

At a broader scale, Al-driven approaches may
contribute to reducing pollutant emissions and
energy consumption, with potential benefits for air
quality, public health and economic productivity 2*
%, These outcomes may lower healthcare costs,
increase workforce efficiency, and foster green
economic growth through new Al-based products
and services.

Challenges and Concerns

However, numerous challenges persist. On a
technical level, the accuracy of algorithms remains
uncertain and depends heavily on data quality,
completeness, and consistency %. Many studies
have emphasized the scarcity of reliable datasets,
especially in developing regions 2°. The deployment
of Al technologies also requires substantial financial
resources for infrastructure, sensors, and data
maintenance .

Another major concern is data privacy and
confidentiality issues. The collection of potentially
sensitive data through Artificial Intelligence of
Things (AloT) sensors necessitates  robust
anonymization and secure data management
protocols %,

Environmental concerns have also been raised
regarding AI’s carbon footprint, mainly due to the
high energy demands of large-scale data centers and
computing hardware *. Over time, this could
paradoxically increase pollution, echoing the Jevons
paradox, in which technological efficiency leads to
higher overall resource consumption. This paradox
suggests that technological innovations that improve
resource efficiency do not necessarily lead to
conservation. As first noted by Jevons in the 19th
century regarding coal use, similar rebound effects
have reappeared in efficient appliances, vehicles,
and even “green” cruise technologies, where higher
efficiencies reduce costs, drive greater consumption,
and ultimately increase CO: emissions. Ecologists
argue that within an economic system centered on
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perpetual growth, technological gains may intensify
rather than mitigate environmental harm, suggesting
that technological redesign without broader
systemic change may be insufficient 2.

From a governance perspective, several studies
have cautioned against technocratic or techno-
solutionist approaches, warning that overreliance on
technology may obscure the social, ethical, and
political dimensions of environmental problems.
The uncritical deployment of Al and technological
determinism  could reinforce inequality by
marginalizing vulnerable groups, including low-
income workers, women, and Indigenous or
minority communities, and constrain inclusive,
participatory policymaking. Recognizing the social
limits of technology is as vital as acknowledging its
potential  benefits.  Effective  environmental
governance requires confronting social barriers,
such as resistance to change, while advancing
technical innovation .

Notably, ethical, governance, and environmental
risks were synthesized from a smaller subset of
governance- and policy-focused documents within
the included evidence rather than being uniformly
addressed across all reviewed sources.

Policy Responses and Enabling Mechanisms

In response to these concerns, several sources
have argued that Al adoption should be guided by
strategic, ethical, and inclusive policy frameworks.
Scholars have emphasized the notion of
“technologies of humility,” urging policymakers to
acknowledge the limits of scientific control and
focus on reflective, people-centered governance.
“Technologies of humility” recognize the limits of
scientific and technological solutions and emphasize
the importance of knowing when not to rely solely
on technology to solve problems. They encourage
reframing environmental challenges to highlight
their ethical dimensions and address human
vulnerability to emerging technologies, their risks,
and their benefits. Such reflective approaches to
technology policy and practice stand in contrast to
“technologies of hubris,” which view technology
merely as a tool for exerting greater control over
nature and the world %°.
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Strong regulatory and governance frameworks
are needed to ensure the transparency,
accountability, and sustainability of Al systems.
These include the mandatory reporting of energy
use by Al applications and clear operational
standards ’. Policy documents suggest the adoption
of integrated digital management systems that
combine AloT, mobile sensors, and cloud
computing to link environmental, transport, and
public-health data streams %,

One policy report recommends cross-sectoral
advisory councils involving the government,
academia, and industry as a coordination
mechanism for Al adoption and implementation
ecosystems 27, Sustainable Al governance also
depends on affordable and scalable digital
infrastructure, such as dense networks of low-cost
air sensors supported by hybrid satellite—ground
data integration 2% %, Improving air quality
management requires substantial gross domestic
product (GDP) investment to expand monitoring
networks. Financial barriers can be mitigated by
complementing ground-based data with satellite
data. However, satellite datasets often face spatial
gaps due to cloud cover and retrieval issues,
potentially ~ causing inaccurate estimates,
highlighting the need for Al-driven approaches to
correct and complete these data deficiencies 2.

Some of the included policy reports emphasized
the importance of international collaboration for
data sharing, technology transfer, and alignment of
standards, particularly given the transboundary
nature of air pollution and Al development 2" %,
Partnerships between governments, universities, and
the private sector —through joint PhD programs,
exchange missions, or co-funded projects—can
accelerate innovation.

Capacity building and local engagement are
essential at the community level. Public education,
participatory decision-making, and transparent data
sharing strengthen trust and align policies with local
environmental realities ?2. Governments should
collaborate with educational institutions and NGOs
to enhance environmental literacy and civic
engagement through the deployment of sensors and
open data initiatives 2 2. These partnerships
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facilitate knowledge exchange, technology transfer,
and policy alignment. Skills related to the
awareness, application, and interpretation of Al
technologies for air quality must be developed.
However, recruiting and retaining skilled staff in the
public sector remains a major challenge, requiring
incentives and collaboration with the private sector
to reduce the costs. Targeted online training
programs can also alleviate financial burdens %

Transparency and open data were consistently
identified in the reviewed policy-oriented
documents as enabling conditions for Al-driven air
pollution management. From a governance
perspective, transparency ensures public trust and
provides sustained financial support. Al algorithms
should be explainable and interpretable so that users
and policymakers can clearly understand how the
results are produced, ensuring accountability 2.
Technologically, Al systems depend on large,
accessible datasets for optimal performance; thus,
governments should mandate the real-time
disclosure of air quality data via open or cloud-
based sharing platforms. This transparency
enhances public health awareness, strengthens
citizen participation, and supports data-informed
policymaking. However, openness must be balanced
with privacy; ethical and legal frameworks are
needed to safeguard personal information and
prevent misuse. Hence, governments must pursue
transparency and effective data control in parallel.
Maintaining this balance is crucial for the
trustworthy and socially responsible integration of
Al into air pollution management strategies.

Discussion

This scoping review identified eight policy-
relevant documents addressing the use of artificial
intelligence in air pollution control and management
at the national and international levels. While this
number may appear limited given the 10-year
search window and global scope, it represents a key
finding of this study rather than a methodological
limitation. The exclusion criteria were intentionally
strict to ensure a clear focus on policy-relevant
evidence, which contributed to a smaller but
conceptually coherent set of sources being included.
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The limited number of policy-oriented studies
identified in this review indicates that the
governance, regulatory, and strategic dimensions of
Al in air pollution management have received
substantially less attention than technical and
engineering applications.  Despite the rapid
expansion of Al-driven air quality monitoring and
prediction research, policy-level integration and
guidance remain limited and fragmented.
Identifying such gaps is a core objective of scoping
reviews,  particularly in  emerging  and
interdisciplinary fields, and underscores the need for
more policy-focused and governance-oriented
research to support responsible and sustainable Al
adoption in environmental management.
Accordingly, the findings should be interpreted as
indicative patterns within a limited but policy-
relevant evidence base rather than as comprehensive
or universally applicable conclusions.

Several methodological considerations emerged
from the included policy-oriented sources that may
influence their policy relevance. These include
reliance on heterogeneous data sources, limited
transparency regarding model validation practices,
and contextual specificity that constrains
generalizability across different governance settings.
In several cases, Al applications were discussed at a
conceptual or pilot level, with limited evidence of
real-world deployment, long-term performance, or
regulatory integration. These characteristics do not
undermine the relevance of the findings but indicate
that current policy discussions are often informed by
emerging or exploratory evidence rather than
mature, implementation-tested systems.

Another characteristic of the identified evidence
base is its geographic concentration. The included
policy-oriented documents were predominantly
produced in high-income settings and by
international or national institutions based in
Europe, East Asia and the Asia-Pacific region.
Notably, few policy documents originated from
low- and middle-income countries, despite these
regions bearing a disproportionate burden of air
pollution-related health impact. This geographic
skew highlights a potential bias in the available
policy literature and limits the extent to which
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existing governance frameworks reflect diverse
institutional capacities, regulatory contexts and
socio-environmental conditions. Identifying such
geographic gaps is consistent with the aims of
scoping reviews and underscores the need for more
policy-focused research and documentation from
under-represented regions.

The findings indicate a strong emphasis on the
application and advancement of Al technologies for
air pollution control and management across the
reviewed documents. This underscores the
importance of enhancing Al use and capacity
building as key policy strategies to strengthen
environmental governance 2+ 22 %, Much of the
reviewed literature stresses the gradual, data-driven
integration of Al into real-time monitoring and
decision-making systems to improve efficiency and
policy responsiveness.

Beyond monitoring and  prediction, Al
applications span diverse areas, including real-time
data analysis for rapid decision-making, evidence-
based resource allocation, urban design and
transport planning, renewable energy optimization,
and low-emission product development %2,
Innovative uses include social media sentiment
analysis on air quality and wearable or personal Al-
enabled devices for individual health monitoring %
21 Altogether, these findings suggest that Al can
serve environmental policymaking across technical,
social, and behavioral levels, creating an integrated
framework for smart and adaptive air quality
management 2% 2228,

Studies also highlight major benefits of Al
adoption, such as improved accuracy and coverage
through real-time sensor networks and AloT-
enabled micro-scale mapping 2> %3133 Al enhances
data quality by detecting anomalies, correcting
errors, and integrating multi-source datasets,
facilitating evidence-based, data-driven
policymaking ® 17 2 25 34 Deep learning models
improve forecasting through the combined use of
satellite, sensor, and ground data % 24, Cloud-based
Al systems further enable scalable and cost-
effective monitoring, particularly in resource-
limited regions %7,

However, several challenges persist, including
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poor data quality, incomplete and non-transparent
datasets, privacy concerns, and regulatory gaps 2 %
%. 38 The “black box” nature of many Al systems
undermines their interpretability and policy
acceptance 1" %, High computational costs, limited
infrastructure, and environmental impacts of energy
use remain key barriers %,

Social and governance-related issues also arise,
particularly the risk of techno-solutionism
approaches that downplay justice and inclusivity. As
noted, without restructuring existing economic and
policy systems, technological advancement alone
cannot ensure sustainability %. Thus, “technologies
of humility” are needed—those that recognize their
ethical, social, and ecological limits and guide
reflective and human-centered innovation 2°.
Notably, ethical and governance risks were
discussed in depth in only a limited number of
documents, underscoring the uneven treatment of
these dimensions in the current policy-oriented
literature.

Equity, fairness, and data governance have
emerged as important but underdeveloped
dimensions in the reviewed policy-oriented
literature. Several sources emphasize transparency,
privacy protection, and ethical safeguards as
prerequisites for trustworthy Al deployment;
however, few explicitly address how Al-enabled air
pollution policies may differentially affect
vulnerable populations, exacerbate urban—rural
disparities, or create unequal access to the benefits
of data-driven environmental governance. Concerns
related to algorithmic bias, uneven data coverage,
and digital divides are primarily discussed at a
conceptual level, with limited attention to
implementation-stage  equity  assessments  or
distributive impacts. This gap suggests that while
ethical principles are increasingly acknowledged in
policy discourse, their operationalization in terms of
social justice and environmental equity remains
limited, underscoring an important area for future
policy-focused research to address.

Importantly, these challenges are not discussed
uniformly across the reviewed sources; policy
reports tend to emphasize governance and
coordination barriers, whereas academic studies

CCBY 4.0

Artificial Intelligence in Air Pollution Policy

more often focus on data quality and model
performance, highlighting fragmentation in how
risks are conceptualized across domains.

In response, reviewed sources propose several
strategies:  developing transparent, multilevel
regulatory frameworks; establishing technical and
ethical Al standards; creating interdepartmental
governance bodies and advisory boards; and
promoting international collaboration on data
sharing, technology transfer, and joint research 2" %,
Investments in digital infrastructure and data
literacy, along with specialized workforce training,
are essential for effective Al implementation .

Rigorous data cleaning, feature optimization, and
anomaly detection are vital for improving model
accuracy 234, Automated calibration and advanced
preprocessing strengthen dataset quality, while
deploying low-cost AloT-based sensors broadens
the spatial and temporal coverage “% 4. The
integration of satellite, meteorological, and traffic
data through standardized formats enriches Al
models and improves predictive robustness %,

Transparency, open data, and public participation
are consistently cited as essential for success °. Open
access to data, algorithmic disclosure, and
educational engagement with local communities
build trust and social acceptance while supporting
adaptive policy-making 2" %, Collaboration between
research institutions, governments, and the private
sector is critical for effective and equitable Al
deployment °,

An important observation from this review is the
limited attention given to policymaker engagement,
regulatory adoption stages, and implementation
outcomes in the identified literature. Most of the
included documents focused on strategic visions,
governance principles, or enabling conditions for Al
adoption rather than empirical assessments of how
policies are operationalized or evaluated in practice.
Consequently, evidence on stakeholder engagement
processes, stages of regulatory maturity, and real-
world implementation outcomes remains scarce.
This gap reflects the early and exploratory nature of
Al governance in air pollution management and
highlights a critical area for future policy-oriented
and implementation-focused research in this field.
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Beyond describing existing applications, the
findings reveal a notable imbalance between the
rapid technical development of Al tools and the
comparatively slow evolution of governance,
regulatory, and ethical frameworks. While most
documents emphasize operational benefits, such as
improved monitoring and prediction, far fewer
critically address questions of accountability, social
equity, or long-term sustainability. This suggests
that current policy discourse often frames Al
primarily as a technical solution, with comparatively
less attention paid to its characterization as a socio-
technical system requiring institutional and ethical
oversight.

It should be noted that references to governance
needs and policy directions in this review are not
intended as prescriptive recommendations. Rather,
they reflect an interpretive synthesis of themes,
emphases, and gaps that have been recurrently
identified within the limited policy-relevant
evidence base. Although the reviewed documents
differ in scope and intent, they can be broadly
grouped into  strategic  policy statements,
governance-oriented analytical frameworks, and
implementation-focused technical-policy reports.
Notably, none of the identified sources articulated
clearly defined regulatory maturity levels or binding
governance models for the deployment of Al in air
pollution management. Comparative national policy
approaches were largely absent, with most
documents adopting either a global perspective or a
single-country case framing. This absence suggests
that, within the policy-relevant literature, Al
governance in air pollution is still discussed
primarily at a strategic or exploratory level rather
than as a mature regulatory framework.

Future research should be structured along the
policy cycle to address the gaps identified in this
review. At the agenda-setting stage, studies are
needed to examine how Al-driven air pollution risks
are framed by policymakers and which actors
influence prioritization. Comparative analyses of
regulatory instruments, standards, and governance
models for Al adoption are required during policy
design. At the implementation stage, empirical
research should assess institutional capacity,
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stakeholder engagement and operational challenges
in deploying Al systems. Finally, evaluation-
focused studies are needed to examine policy
effectiveness, unintended consequences, equity
impacts, and environmental tradeoffs. Structuring
future research within this framework can support
more coherent and evidence-based Al governance in
air pollution management.

Conclusions

This study synthesizes the existing policy-
relevant literature on the use of artificial intelligence
in air pollution management. Drawing on a limited
but focused evidence base, this review offers an
exploratory synthesis of how Al is currently framed
within air pollution governance, rather than a
comprehensive or generalizable assessment of
global policy practice.

The findings indicate that although Al is
frequently associated with capabilities such as real-
time monitoring, predictive analytics, and data-
informed decision-making, its integration into
environmental governance remains uneven. Most
existing documents emphasize technical potential,
whereas regulatory, ethical, and institutional
considerations receive comparatively limited and
inconsistent attention.

The reviewed evidence highlights the importance
of data governance, transparency, accountability,
and institutional coordination as enabling conditions
for the responsible adoption of Al in air quality
management. Rather than prescribing specific
policy models, this review underscores the need for
adaptive and  context-sensitive  governance
approaches that align technological innovation with
broader environmental and social objectives.

These conclusions are derived from documented
policy frameworks, strategic reports, and policy-
oriented academic analyses included in this review
rather than from experimental or implementation-
level evaluations. Accordingly, the findings should
be interpreted as an evidence-informed synthesis of
current  policy discourse and  governhance
approaches, not as an assessment of empirical
effectiveness or of real-world policy outcomes.

Overall, the primary contribution of this scoping
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review lies in identifying gaps, boundary conditions,
and emerging themes in the current policy
discourse. Future research should expand policy-
oriented and interdisciplinary inquiries to support
the development of more coherent, ethically
grounded, and evidence-informed governance
frameworks for Al-based air pollution management.

Limitations

This study had several limitations. First, the
review identified a limited number of policy-
oriented documents addressing the use of Al in air
pollution management. This scarcity should not be
interpreted as a lack of relevance but rather as
evidence of a critical research and policy gap in this
rapidly evolving field. Although numerous technical
and modeling studies exist, policy, regulatory, and
governance-focused analyses remain scarce. As this
review intentionally focused on policy-relevant
sources, the available evidence base was narrow and
did not represent the full technical potential of Al
applications. Second, most of the included
documents were strategic or conceptual in nature,
with limited empirical evidence on policy
implementation, regulatory maturity, or measurable
outcomes. Finally, the geographic representation
was uneven, with a concentration of sources from
high-income and technologically advanced regions,
potentially limiting the transferability of the findings
to low- and middle-income contexts.
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