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Abstract
Artificial intelligence (Al) has emerged as a transformative force in geography, significantly

reshaping spatial analysis, environmental management, urban planning, and socio-economic
research. The integration of Al technologies such as machine learning, remote sensing, and
geospatial analytics has enabled more accurate data-driven decision-making and predictive
modelling. However, the rapid expansion of Al applications in geographic contexts raises
pressing ethical concerns, including issues of bias, privacy, surveillance, transparency, and
accountability in algorithm design. This study critically examines the ethical implications of
applying Al-powered spatial technologies in society and the environment. It explores the
unintended consequences that arise when powerful technologies are deployed in fields like
climate modelling, disaster response, smart city governance, and geospatial law enforcement.
The study highlights how Al can inadvertently reinforce existing social inequalities and
perpetuate spatial injustices if not guided by ethical principles. Drawing on theoretical
frameworks and real-world case studies, the research evaluates existing ethical guidelines and
global Al policies, advocating for fairness-aware algorithms and regulatory safequards. It
underscores the importance of transparency, inclusivity, and accountability in the
development and deployment of geographic Al tools. Furthermore, the study calls for
interdisciplinary  collaboration between  geographers, policymakers, ethicists, and
technologists to co-create governance mechanisms that ensure the ethical use of Al The
conclusion outlines future research directions, emphasizing the need for context-specific

ethical frameworks suited to geographic applications. Responsible Al adoption in geography
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is vital not only to maximize its benefits but also to mitigate ethical risks, ultimately

promoting sustainable and equitable outcomes within the spatial sciences.

Keywords:  artificial intelligence, geography, ethical ai, spatial analysis, geospatial
ethics

Introduction
Artificial Intelligence (AI) has emerged as one of the most transformative

technological advancements of the 21st century, reshaping numerous disci-
plines—including geography. Broadly defined, Al refers to machines that
simulate human intelligence through pattern recognition, spatial reasoning,
decision-making, and automation (Goodchild & Li, 2021). Its rapid adoption
in geographical research has significantly enhanced capabilities in geospatial
analysis, remote sensing, climate modelling, urban planning, and disaster
management. The integration of Al-powered geospatial technologies has ac-
celerated data processing, thereby improving spatial predictions and optimiz-
ing land-use planning (Zhou et al., revised).

However, the growing convergence of Al and geography raises urgent
ethical concerns, particularly around data governance, algorithmic bias, and
privacy. Scholars have noted the risks of discriminatory outcomes, surveil-
lance, and lack of transparency in Al systems (Boyd & Crawford, 2020), rein-
forcing the need for ethical frameworks grounded in fairness, accountability,
and openness (Leszczynski, 2023). As a discipline, geography not only facili-
tates the understanding of spatial patterns but also examines the complex in-
teractions between people, environments, and socio-economic processes. The
field has long relied on empirical data collection, statistical modelling, and
qualitative methods, but recent advances in machine learning, deep learning,
and neural networks have introduced new avenues for processing vast da-
tasets (Miller & Goodchild, 2020).

For instance, Al is increasingly employed in climate change research, en-

hancing predictions of extreme weather events, environmental vulnerability,
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and land-use responses (Gorelick et al., 2022). Similarly, urban geographers
are applying Al in the development of smart cities, transportation systems,
and sustainability strategies (Batty, 2021). Yet, these benefits come with ethi-
cal trade-offs, particularly related to surveillance, privacy violations, and al-
gorithmic biases that disproportionately impact marginalized communities
(Kitchin, 2023). Addressing these concerns is vital to ensuring that Al tech-
nologies support equitable and responsible development rather than reinforc-
ing existing spatial injustices.

One of the most pressing ethical issues is algorithmic bias. AI models
trained on skewed datasets can produce spatial outputs that perpetuate ine-
quality and injustice (Obermeyer et al., 2019). Predictive policing algorithms,
for example, have been shown to disproportionately target specific racial and
socio-economic groups (Benjamin, 2019). Similarly, Al-driven land classifica-
tion tools may misrepresent rural or urban environments, leading to flawed
policymaking and inequitable resource distribution (Shelton et al., 2021). To
mitigate these risks, the adoption of fairness-aware algorithms and transpar-
ent data practices is crucial (Leszczynski, 2023).

Data privacy is another major concern. Geospatial research increasingly
relies on data gathered through satellites, drones, and social media platforms
(Cinnamon, 2020). While these sources offer rich insights, they also raise sig-
nificant privacy challenges, especially where data are collected without in-
formed consent or regulatory oversight (Zook et al., 2021). Many Al-based
surveillance applications operate without ethical safeguards, posing threats
to civil liberties and individual rights (Gonzalez et al., 2022). It is therefore
essential to develop robust regulatory frameworks—aligned with global
standards such as the General Data Protection Regulation (GDPR)—to guide
the ethical use of Al in geography (Taylor & Broeders, 2021).

To explore these complexities, this study is guided by three key research
questions: (1) How is Al reshaping the field of geography? (2) What ethical
issues emerge from the use of Al in geographic research and practice? (3)
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What role can ethical frameworks play in promoting responsible Al deploy-
ment in geography? Addressing these questions contributes to the broader
discourse on ethical Al and offers practical recommendations for mitigating
risks while maximizing the benefits of these technologies. While Al presents
remarkable opportunities to enhance spatial analysis, environmental moni-
toring, and urban development, it also introduces significant ethical chal-
lenges that must not be ignored. This study provides a comprehensive exam-
ination of the intersection between Al, geography, and ethics, highlighting
the need for principled approaches to ensure fairness, transparency, and ac-

countability.

Theoretical and Conceptual Framework
Artificial intelligence has become increasingly significant across a range of

disciplines, including geography, where it supports the analysis of spatial
data, modelling of geographical processes, and formulation of informed de-
cisions. The integration of Al into the geospatial sciences —often referred to
as GeoAlI—relies on tools such as machine learning, deep learning, and neural
networks to process and interpret complex geospatial datasets. GeoAl has no-
tably transformed spatial science by increasing the accuracy of map interpre-
tation and enhancing outcomes in land-use classification, urban planning,
disaster risk assessment, and climate modelling. For instance, remote sensing
applications using Al techniques have streamlined the extraction and inter-
pretation of data from aerial and satellite sources, offering valuable insights
for environmental monitoring and spatial development (Ghamisi et al., 2024).
However, this rapid technological advancement also raises critical ethical
questions, including algorithmic bias, misinterpretation of spatial patterns,
and concerns about technological determinism, all of which call for deeper
theoretical and critical engagement with Al's role in geography (Janowicz,
2023).

Central to the ethical use of Al in geography is the understanding that
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spatial analysis is never neutral. Rather, it is shaped by social, political, and
economic contexts that influence both the production and application of spa-
tial knowledge. The geographical concepts of space, place, and scale are es-
sential in this regard, as they reveal how cultural perception, historical lega-
cies, and institutional power structures shape the interpretation of geospatial
data. AI models trained on datasets that lack diversity or contextual nuance
may overlook locally embedded spatial patterns, leading to misinformed con-
clusions about land-use, environmental risks, or urban development (Kang et
al., 2023). As a result, the development of locally responsive and contextually
inclusive Al models is critical to avoiding spatial misrepresentation and en-
suring equitable outcomes in geographic applications.

Ethical reflection in the Al-geography interface is also shaped by the no-
tion of spatial justice and the critical insights offered by digital geography.
Spatial justice concerns the fair distribution of resources, infrastructure, and
technological benefits across different geographical spaces. Scholars have
pointed out that Al-driven urban planning and smart city innovations often
privilege data-rich, technologically advanced urban centres, while neglecting
under-resourced rural or marginalized communities (Kang et al., 2023). Sim-
ilarly, digital geography explores how algorithmic mapping technologies re-
define spatial experiences and social interactions. Surveillance systems pow-
ered by Al, increasingly used in public spaces, pose ethical challenges con-
cerning privacy, data ownership, and discriminatory spatial practices, often
affecting vulnerable populations disproportionately (Ghamisi et al., 2024).
These issues underscore the need for ethical Al frameworks that actively in-
corporate the principles of spatial justice and guard against the exacerbation
of existing spatial inequalities.

To understand the moral implications of Al in geography, ethical theories
provide valuable evaluative lenses. Utilitarianism, which assesses morality in

terms of net benefits, suggests that Al applications in geography should aim
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to maximize public good—such as accurate disaster predictions and im-
proved environmental governance —while minimizing harm, including bi-
ased data outcomes or exclusionary practices. Yet, critics warn that utilitarian
reasoning may be misapplied to justify invasive surveillance measures in the
name of public safety, sacrificing individual rights for collective gain (Gham-
isi et al., 2024). In contrast, deontological ethics prioritize duty and moral
principles over consequences, arguing that AI must adhere to transparent,
fair, and accountable standards regardless of potential benefits. Within geog-
raphy, this would require equal access to spatial technologies and the protec-
tion of individuals' location data, especially for those in data-poor or histori-
cally marginalized regions (Kang et al., 2023).

A third perspective, virtue ethics, centers on the moral character and in-
tentions of geographers and Al developers. It promotes ethical awareness in
the design and use of Al tools, encouraging professional responsibility in data
sourcing, algorithm design, and interpretation of spatial outputs. This ap-
proach aligns with the call for human-centered Al that reflects values such as
fairness, inclusivity, and sustainability in geographic research. Meanwhile,
postcolonial and feminist frameworks offer more radical critiques. Postcolo-
nial theorists highlight how Al and geospatial technologies often perpetuate
Western epistemologies and marginalize indigenous knowledge systems.
Many Al-powered mapping initiatives draw upon data frameworks shaped
by colonial legacies, leading to continued spatial exclusions and epistemic in-
justices (Janowicz, 2023). A decolonial Al framework would thus advocate for
the inclusion of diverse epistemologies and equal representation of histori-
cally excluded groups in geospatial datasets and models.

Feminist perspectives extend these arguments by addressing how Al can
reproduce gendered and intersectional inequalities within geographic analy-
sis. Al-based urban planning tools, for instance, may fail to account for
women’s unique mobility patterns or spatial needs, reinforcing the invisibil-

ity of gendered experience in public infrastructure. Feminist geographers call
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for participatory approaches that include diverse voices in the development
and governance of Al systems, ensuring that spatial decision-making does
not reinforce social hierarchies but contributes to more just and inclusive en-
vironments.

Taken together, these concepts and theoretical frameworks form a critical
foundation for evaluating the ethical dimensions of Al in geography. By
drawing on geographical principles such as spatial justice and scale, along-
side ethical perspectives including utilitarianism, deontology, virtue ethics,
postcolonialism, and feminism, this study aims to provide a robust under-
standing of how Al can be applied responsibly in the spatial sciences. Ad-
dressing the ethical challenges associated with Al will require ongoing inter-
disciplinary collaboration between geographers, computer scientists, ethi-
cists, and policymakers. Such efforts are essential to developing comprehen-
sive frameworks that ensure Al technologies in geography contribute to eq-

uitable, sustainable, and socially informed spatial outcomes.

Methodology
This study adopted a review-based methodological approach to examine the

ethical implications and applications of artificial intelligence (Al) in geogra-
phy. The research relied entirely on secondary data sourced from scholarly
articles, policy reports, institutional guidelines, and relevant conference pro-
ceedings published in reputable journals and by recognized international or-
ganizations.

A systematic literature review was conducted to identify and synthesize
existing knowledge on Al integration within geographical studies, with par-
ticular focus on spatial analysis, urban planning, environmental manage-
ment, and socio-economic applications. Databases such as Scopus, Web of

Science, and Google Scholar were extensively searched using key terms in-

i i

cluding “Al in geography,” “geospatial ethics,” “algorithmic bias,” and “eth-

ical AI governance.”
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Only recent publications were included to ensure the discussion reflects
contemporary developments and emerging trends. The selected literature
was critically examined to highlight key themes such as bias in AI models,
privacy concerns, digital divides, and policy considerations.

Findings from the reviewed studies were thematically organized and an-
alyzed to provide a coherent narrative on the ethical challenges and practical
benefits of Al in geography. This approach allowed for a comprehensive and

up-to-date synthesis of knowledge without the collection of primary data.

Results and Discussion

Application of Al in geography
Artificial intelligence has significantly reshaped the discipline of geography
by introducing advanced computational techniques that enhance spatial anal-
ysis, urban and environmental planning, and socio-economic research. Its in-
tegration into Geographic Information Systems (GIS) and remote sensing
technologies has enabled geographers to manage, interpret, and visualize
complex spatial data more effectively. However, while Al applications offer
substantial benefits, they also present ethical challenges that must be ad-

dressed to ensure fairness, transparency, and inclusivity.

Al in spatial analysis and mapping
Al has revolutionized spatial analysis and cartographic processes through the

use of machine learning algorithms and neural networks that can process
massive geospatial datasets with remarkable precision. The incorporation of
Al into GIS enables advanced land-use classification, environmental change
detection, and resource distribution modelling (Li & Wang, 2024). For in-
stance, Convolutional Neural Networks (CNNSs) are increasingly used to in-
terpret satellite imagery for purposes such as urban growth monitoring and

post-disaster damage assessment. These tools help geographers to detect sub-
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tle patterns in data that may otherwise remain unnoticed through conven-
tional methods.

Despite these advances, limitations persist. AI models often rely on his-
torical and externally sourced datasets that may not reflect local spatial par-
ticularities. As a result, there is the risk of producing generalized or biased
outputs that do not accommodate local contexts or specificities, particularly

in the Global South or under-represented regions.

Al in climate modelling and disaster forecasting
Al has become increasingly vital in climate modelling and disaster risk as-

sessment. By analyzing complex climatological variables and historical
weather data, Al systems can predict phenomena such as floods, droughts,
and hurricanes with greater lead time and accuracy (Ghamisi et al., 2024).
These forecasts support emergency preparedness and early warning systems,
potentially saving lives and reducing economic losses.

Nevertheless, these models are not without ethical concerns. Since many
rely heavily on past records, they may fail to accurately predict unprece-
dented or shifting climate patterns caused by global climate change. Further-
more, inaccuracies in predictions often disproportionately affect vulnerable
populations with limited adaptive capacity, leading to issues of environmen-
tal injustice (Bae & Xu, 2023). Thus, inclusive modelling that integrates local

knowledge systems is essential for improving Al accuracy and equity.

Al in urban and transportation planning
Smart city initiatives increasingly depend on Al to manage urban systems ef-

ficiently. In transportation, Al analyses real-time data to optimize traffic flow,
reduce congestion, and enhance public transport systems. Adaptive traffic
signal systems, for example, can adjust timings based on current vehicle den-
sities, thereby improving mobility and reducing emissions (Jang et al., 2023).
Similarly, Alis used in land-use planning, utilities management, and housing

forecasts to streamline urban development.
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However, the expansion of Al into urban governance raises ethical con-
cerns, particularly regarding surveillance and data governance. Al-powered
surveillance systems, often deployed in the name of safety or efficiency, may
infringe upon citizens’ privacy rights and lead to the over-policing of margin-
alized communities (Abedi & Rajabifard, 2024). Furthermore, algorithmic bi-
ases embedded in planning software can exacerbate existing spatial inequal-
ities if they favour data-rich urban centers at the expense of peripheral or un-

derserved areas.

Al in environmental management
Al applications in environmental management support conservation efforts

by enabling large-scale monitoring of ecosystems. Through the analysis of
satellite imagery and temporal datasets, machine learning models can track
changes in land cover, deforestation rates, and biodiversity loss (Ghamisi et
al., 2024). These insights guide policy responses, allowing for more targeted
interventions such as the protection of vulnerable habitats or early identifica-
tion of illegal logging.

Yet, Al-driven environmental strategies must be implemented with cau-
tion. Decisions solely based on algorithmic interpretations may overlook cul-
tural values, community land-use practices, and traditional ecological
knowledge. Such an approach can alienate local populations and hinder the
legitimacy and effectiveness of conservation efforts (Abedi & Rajabifard,
2024). Therefore, participatory approaches that blend Al with grassroots en-

vironmental governance are vital for achieving sustainable outcomes.

Al in socioeconomic geography
In socio-economic geography, Al facilitates the prediction of demographic

patterns, migration flows, and urbanisation trends. By synthesising data on
income, education, housing, and mobility, AI models support policymakers

in planning infrastructure and social services. For instance, Al can forecast
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population pressures in urban centres, thereby informing decisions on hous-
ing, healthcare, and education provision (Miller, 2023).

Despite these benefits, ethical issues abound. Data used in these models
may carry structural biases, especially when it underrepresents marginalised
groups or regions with poor data infrastructure. When flawed data informs
policy, the resulting decisions may perpetuate socio-economic inequalities
(Williams & Johnson, 2023). Hence, ethical Al in this context demands careful
attention to inclusivity, transparency, and contextual sensitivity.

Al has undoubtedly enhanced the methodological tools available to geog-
raphers, enabling more precise analysis, forecasting, and decision-making
across diverse subfields. From spatial mapping to environmental conserva-
tion and urban planning, the application of Al presents unprecedented op-
portunities. However, these innovations come with ethical responsibilities.
Issues of data privacy, algorithmic bias, equity, and inclusion must be ad-
dressed through robust ethical frameworks, participatory design processes,

and interdisciplinary collaboration.

Ethical Implications of Al in Geography
Artificial intelligence has significantly redefined the landscape of geographic

research and practice, with applications spanning spatial analysis, urban
planning, environmental monitoring, and socio-economic modelling. How-
ever, the integration of Al into geographical studies raises critical ethical con-
cerns that must be thoroughly examined. Among these are algorithmic bias,
threats to privacy, unequal access to Al technologies, and the environmental
cost of Al-driven processes. Addressing these issues is essential not only for
technical efficiency but for ensuring fairness, justice, and sustainability in ge-

ographical applications of Al

Bias and algorithmic discrimination in Al-driven geography
One of the most pressing ethical concerns in Al applications to geography is
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the prevalence of algorithmic bias. Al systems are typically trained on histor-
ical datasets that may inadvertently reflect and reproduce existing social and
spatial inequalities. For instance, AI models used in urban planning may pri-
oritize affluent neighbourhoods in resource allocation, thereby marginalizing
less privileged communities and exacerbating socio-spatial disparities (Gebru
et al., 2023; Obermeyer et al., 2023).

Similarly, predictive policing tools that incorporate geospatial data can
disproportionately target minority or vulnerable groups, raising questions
about spatial justice and equity (Benjamin, 2024). In the realm of environmen-
tal management, biased training data may lead to the misclassification of land
cover, ultimately undermining conservation efforts and leading to skewed
policy decisions (Huang & Kitchin, 2024). Overcoming such bias requires not
only technical solutions—such as fairness-aware algorithms and improved
datasets—but also inclusive approaches that actively involve local communi-

ties in the development and application of Al tools.

Data privacy and surveillance in geospatial Al
Al technologies used in urban monitoring and planning often rely on vast

quantities of data, some of which may be personal or sensitive. While Al can
enhance efficiency —such as in traffic regulation, pollution control, or public
safety —its deployment also brings risks related to mass surveillance and data
misuse (Taylor & Graham, 2024). Al systems are frequently criticized for their
opacity, making it difficult to trace how decisions are made or to whom ac-
countability should be directed in the event of misuse.

An ethical approach to geospatial AI must prioritize informed consent,
anonymization of personal data, and the development of clear regulatory
frameworks to guard against potential abuses. Citizens should be made
aware of how their data is collected, used, and stored, and should have a say

in the deployment of Al systems that affect their everyday environments.
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Digital Divide and Inequitable Access to AI Technologies
The digital divide—marked by disparities in access to technology and data

infrastructure —presents another ethical challenge in the application of Al in
geography. Wealthier urban regions and developed countries often enjoy the
benefits of advanced geospatial Al tools, while rural and underserved areas
struggle with limited access to the necessary technologies, data, and technical
expertise (Mahmud et al., 2024).

This inequity has direct implications for spatial justice. For example, Al
systems designed for climate adaptation or disaster risk reduction may rely
on high-resolution satellite imagery and robust computing resources —tools
that may be inaccessible to communities most vulnerable to environmental
hazards (Johnson & Wang, 2023). Bridging this divide requires investment in
digital infrastructure, open access to geospatial data, and inclusive capacity-
building initiatives to ensure that all populations can participate in and ben-

efit from Al-enabled geographic solutions.

Environmental sustainability and AI’s carbon footprint
While Al offers powerful tools for environmental management, it also con-

tributes to environmental degradation through its high energy consumption.
Training and deploying AI models for tasks such as climate modelling, land-
use classification, or urban simulation demands extensive computational
power, which in turn generates substantial carbon emissions (Strubell et al.,
2023).

Moreover, when Al is used to guide decisions about natural resource
management, there is a risk that it may promote extractive or exploitative
practices, especially if social and ecological contexts are ignored. For instance,
Al-driven agricultural recommendations could encourage large-scale land ac-
quisitions that displace indigenous populations and erode traditional farming
methods (Basu & Sengupta, 2024). Similarly, remote Al-based forest monitor-

ing might overlook the socio-economic factors driving deforestation, leading
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to poorly targeted conservation policies. Therefore, sustainable Al practices
in geography should promote energy-efficient computing, integrate tradi-
tional knowledge systems, and ensure that environmental decisions reflect

both ecological realities and human rights.

Ensuring ethical Al for geography: Policy and governance
To address the complex ethical concerns associated with Alin geography, ro-

bust governance structures are essential. Ethical policies must promote trans-
parency, accountability, and inclusivity in all stages of geospatial AI design
and deployment (Floridi & Cowls, 2024). Collaboration between govern-
ments, academic institutions, civil society, and private technology developers
is key to establishing regulatory frameworks that uphold data sovereignty,
human rights, and spatial equity.

Furthermore, ethical Al governance should draw on interdisciplinary ex-
pertise, integrating perspectives from geography, philosophy, computer sci-
ence, law, and environmental studies. Participatory approaches that involve
policymakers, marginalized communities, and indigenous peoples in the
governance of geospatial Al are vital for ensuring legitimacy and fairness
(Bryson et al., 2023). Embedding ethical literacy and critical thinking within
geography education and professional training programmes will also help
prepare practitioners to navigate the challenges posed by Al and to use these
technologies in socially responsible ways.

The ethical implications of Al in geography extend well beyond technical
performance; they touch on fundamental issues of justice, privacy, equity,
and sustainability. As Al becomes increasingly embedded in spatial analysis
and decision-making, geographers must engage proactively with its ethical
dimensions. This means challenging algorithmic bias, safeguarding data
rights, narrowing the digital divide, and reducing the environmental costs of

Al applications.
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Al, Geography, and Ethics in Practice
The convergence of artificial intelligence (Al) and geography represents both

a technological revolution and an ethical crossroads. In practice, Al-driven
geospatial technologies now underpin a vast range of activities —from envi-
ronmental monitoring and urban development to disaster response and pub-
lic safety. While these applications promise remarkable gains in sustainabil-
ity, efficiency, and resilience, they also bring to the fore critical ethical dilem-
mas related to bias, privacy, accountability, and the transparency of decision-
making processes. The real-world use of Al in geography demonstrates not
only the transformative power of these technologies but also the urgent need
to interrogate their social implications.

One of the most prominent domains where Al has enhanced geographic
studies is climate change modelling. Through machine learning algorithms
capable of processing large and complex datasets, Al has significantly im-
proved the precision and timeliness of climate forecasts. These models sup-
port early interventions and guide adaptive policy formulation to reduce vul-
nerability to environmental risks (Rolnick et al., 2023). However, ethical con-
cerns arise regarding the source and representativeness of training data, as
many models disproportionately rely on datasets from the Global North,
marginalizing the specific climate vulnerabilities of the Global South (Gupta
et al.,, 2024). In addition, the opaque nature of many Al systems, often de-
scribed as "black boxes", poses challenges for accountability and interpreta-
bility (Rahimi et al., 2023). To address these challenges, AI models used in
climate studies should be developed with transparent methodologies, inclu-
sive datasets, and interdisciplinary collaboration between Al researchers, ge-
ographers, and climate scientists.

Equally significant is the application of Al in smart city development, par-
ticularly through Geographic Information Systems (GIS) that optimize trans-
portation, energy usage, urban planning, and public services. These tools
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have the potential to improve the livability and sustainability of cities by en-
abling real-time responsiveness and data-informed governance (Batty, 2023).
Nevertheless, ethical concerns arise around data privacy and surveillance.
Technologies such as facial recognition and geospatial tracking, frequently
employed in smart city systems, can lead to intrusive monitoring and the ero-
sion of civil liberties (Kitchin, 2024). There is also evidence that such systems
may disproportionately target disadvantaged communities, thereby reinforc-
ing existing urban inequalities rather than alleviating them (Leszczynski,
2024). Ethical urban Al requires clear data governance frameworks, transpar-
ent algorithms, and active citizen engagement to ensure that the benefits of
smart city technologies are shared equitably.

In the realm of disaster management, Al has proven to be a powerful as-
set. Al-driven satellite imagery and geospatial analysis now support early
warning systems, damage assessments, and the coordination of emergency
responses. These innovations allow for more timely evacuations, efficient re-
source allocation, and better-informed decision-making in the face of natural
disasters (Bello et al., 2023). However, the ethical complexities increase in sit-
uations where Al systems are expected to make or influence life-and-death
decisions. Algorithms used to prioritize assistance may inadvertently exclude
marginalized groups due to biases in the data or failure to account for local
social dynamics (Turoff et al., 2023). Moreover, systems that operate inde-
pendently of human oversight risk overlooking contextual knowledge essen-
tial for equitable disaster responses (van Westen et al., 2024). An ethically
sound approach to Al in disaster contexts must favour Al-assisted rather than
fully automated decision-making, and must integrate local expertise and
adaptive frameworks that reflect community realities.

Another contentious field of Al application in geography is law enforce-
ment, particularly through predictive policing. By analyzing historical crime
data, Al tools can identify high-risk areas and guide the deployment of police
resources (Brayne, 2023). Although such systems are designed to improve
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public safety, numerous studies highlight their inherent biases, particularly
racial and socio-economic, that result from imbalanced data inputs (Benjamin,
2023). These technologies have often been shown to over-police certain neigh-
bourhoods, especially those inhabited by ethnic minorities, reinforcing struc-
tural inequalities and undermining civil rights (Eubanks, 2024). Additionally,
pre-emptive risk assessment algorithms can unjustly expose individuals to
heightened scrutiny without due process (Lum & Isaac, 2023). Ethically re-
sponsible use of Al in policing demands rigorous auditing, transparent eval-
uation criteria, and continuous oversight to prevent discrimination and pro-
tect fundamental human freedoms.

The integration of Al into geographical practice undoubtedly holds trans-
formative potential for improving environmental management, spatial anal-
ysis, and social development. Yet these advances must be approached with a
heightened ethical awareness. Across the areas of climate modelling, smart
city governance, disaster response, and predictive policing, the ethical ten-
sions underscore the need for comprehensive regulation and inclusive Al
governance. Ethical deployment of Al in geography entails a steadfast com-
mitment to fairness, transparency, and accountability, alongside active
measures to identify and mitigate bias.

As the geographic community continues to embrace Al innovations, it
must remain vigilant to the unintended consequences that may arise from
their use. By placing ethics at the centre of Al design and application, geogra-
phers and policymakers can help ensure that these technologies contribute
not only to scientific advancement but also to the promotion of justice, equal-

ity, and human dignity.
Policy and Regulatory Considerations

The integration of artificial intelligence into geography, particularly through

geospatial technologies, necessitates the urgent development of comprehen-
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sive policy and regulatory frameworks to govern its ethical use. The trans-
formative power of Al in spatial science—evident in urban planning, envi-
ronmental modelling, disaster risk management, and socio-economic analy-
sis—has outpaced existing regulatory mechanisms. This regulatory gap has
led to uncoordinated and, in some cases, ethically questionable deployments
of Al across various geographical applications. Without proper oversight, Al
can contribute to the exacerbation of structural inequalities, privacy viola-
tions, environmental risks, and opaque decision-making. Therefore, strong,
adaptive, and context-sensitive policy responses are imperative to ensure Al
in geography is used ethically and responsibly.

The need for ethical Al governance has been recognized at multiple inter-
national levels. The European Union’s Artificial Intelligence Act, for instance,
employs a risk-based regulatory model that imposes stricter requirements on
high-risk applications, including those used in geospatial surveillance, critical
infrastructure, and public service delivery (European Commission, 2023).
These applications often fall within the domain of geography and urban gov-
ernance. At the global scale, UNESCO (2024) has advocated for an ethical Al
framework rooted in human rights, data privacy, and democratic oversight.
Similarly, the OECD Principles on Al emphasize the need for transparency,
accountability, robustness, and fairness, all of which are vital to the ethical
deployment of Al in geographic contexts (OECD, 2024). Yet, despite these
promising frameworks, many countries—particularly those in the Global
South —continue to lack the institutional capacity and legislative maturity re-
quired to implement such guidelines effectively, thus widening global Al
governance disparities.

One of the most challenging policy issues is finding a balance between
fostering innovation and ensuring ethical responsibility. Geographic technol-
ogies, such as remote sensing and GIS, have become more powerful with Al

integration, enabling unprecedented access to and control over spatial data.
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However, this also raises critical concerns regarding data sovereignty, partic-
ularly in regions where digital infrastructures are owned or managed by for-
eign entities (Taylor & Graham, 2024). In many cases, both state and private
actors collect vast amounts of geospatial data with minimal oversight or in-
formed consent from affected populations. The use of such data in Al-driven
urban surveillance or predictive modelling —especially within smart city pro-
jects—often operates in a legal vacuum, exposing communities to privacy in-
fringements and potential rights violations (Leszczynski, 2024). Policymakers
must, therefore, prioritize the codification of data governance policies that
clearly articulate conditions for data use, ownership, informed consent, and
recourse in cases of misuse. Regulation must also impose mandatory algorith-
mic transparency requirements, ensuring that Al systems used in public-fac-
ing geographic applications can be explained, contested, and held accounta-
ble.

Ethical frameworks have been developed by various professional bodies
to guide responsible Al usage, yet their practical enforcement remains une-
ven. The IEEE Global Initiative on the Ethics of Autonomous and Intelligent
Systems advocates for human-centric Al principles, which stress the need for
fairness, explainability, sustainability, and human agency in Al design and
implementation (IEEE, 2023). Likewise, the UK Geospatial Commission has
issued ethical guidelines aimed at promoting public trust in Al through data
transparency, mitigation of algorithmic bias, and the equitable distribution of
Al benefits (Geospatial Commission, 2023). These frameworks are commend-
able, but their effectiveness is contingent upon rigorous implementation, reg-
ular evaluation, and adaptation to new ethical dilemmas as they emerge. The
complexity and scale of Al applications in geography demand more than soft
recommendations—they require legally binding standards and a system of
institutional enforcement mechanisms that transcend national borders.

Policy recommendations for ethical Al governance in geography must be
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grounded in multidisciplinary, inclusivity, and accountability. Firstly, gov-
ernments should enact sector-specific regulations for Al in geospatial appli-
cations. Such policies should include enforceable standards on data privacy,
algorithmic transparency, and anti-discrimination provisions, tailored to the
unique risks of Al in spatial contexts. Secondly, interdisciplinary collabora-
tion must be institutionalized. Policymakers, Al developers, geographers, so-
cial scientists, ethicists, and civil society organizations should work collec-
tively to design, monitor, and refine Al policies. This cross-sectoral engage-
ment ensures that AI governance reflects diverse epistemologies and societal
needs rather than purely technical or commercial interests. Moreover, the in-
clusion of human rights and environmental perspectives will support the de-
velopment of just and sustainable Al tools.

Thirdly, capacity-building initiatives are vital. Training geographers,
planners, and environmental scientists in Al ethics should be prioritized, and
Al ethics should be embedded within geography curricula at both undergrad-
uate and postgraduate levels. Developing ethical literacy among practitioners
will equip them to navigate the complex moral landscape of Al use in spatial
decision-making. Fourthly, public engagement and participatory governance
should form an integral part of Al policy design. Marginalized communities,
often most affected by the negative externalities of Al deployment, should
have avenues to voice concerns, shape policies, and hold decision-makers ac-
countable. Participatory mechanisms could include community consulta-
tions, open data forums, and Al ethics advisory councils.

Finally, because geospatial Al systems often have transnational applica-
tions and consequences, international cooperation is essential. Global Al gov-
ernance regimes should be strengthened through joint efforts among states,
international organizations, and technology corporations to establish com-
mon ethical standards. Instruments such as treaties, intergovernmental pan-
els, and international Al ethics bodies can help harmonize regulations and
ensure consistent protections across different geographies (Bryson et al.,
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2023). Such international frameworks would be especially critical in address-
ing data colonialism and digital inequities that disproportionately affect less
developed nations.

In conclusion, the ethical and policy dimensions of Al in geography are
too critical to be left unregulated. While AI offers immense potential for im-
proving spatial understanding and human development, it must be har-
nessed within a well-articulated ethical and legal framework. The future of
geography lies in intelligent systems that are not only efficient but also just,
inclusive, and transparent. Proactive policy interventions, interdisciplinary
engagement, and global cooperation are essential in building a regulatory ar-
chitecture that safeguards fundamental rights while promoting responsible
innovation. As Al continues to reshape the terrain of geography, the disci-
pline must ensure that its technological strides are anchored in robust ethical

principles and democratic values.

Conclusion
Artificial intelligence (AI) has instigated a transformative shift in the disci-

pline of geography, particularly in areas such as spatial analysis, environmen-
tal management, and urban planning. Through the facilitation of data collec-
tion, processing, and predictive modelling, Al has significantly enhanced de-
cision-making processes in geographic research and applications. Neverthe-
less, these advancements have simultaneously given rise to a range of ethical
concerns, including algorithmic bias, infringements on privacy, and a lack of
transparency in Al-driven systems. These challenges underscore the urgent
need for robust ethical frameworks that prioritize fairness, accountability,
and the responsible deployment of Al within geographic contexts. Recent de-
velopments have increasingly emphasized the adoption of explainable Al,
participatory design approaches, and fairness-aware algorithms as viable
strategies to mitigate biases inherent in geospatial applications. Collaborative

engagement among policymakers, researchers, and industry stakeholders
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will be essential in formulating ethical guidelines that align with broader so-
cietal values and priorities.

Fundamentally, ethical considerations in the use of Al within geography
must promote transparency and inclusivity, ensuring that Al-generated out-
comes do not perpetuate or exacerbate existing socio-economic inequalities.
Future research should focus on the systematic integration of ethical princi-
ples into Al models, with particular attention given to open data practices,
the reduction of algorithmic bias, and the establishment of governance struc-
tures that facilitate responsible innovation. As Al technologies continue to
evolve, their ethical application within geographic practice will be critical in
striking an appropriate balance between technological advancement, social

responsibility, and long-term sustainability.

REFERENCES

Abedi, F. & Rajabifard, A. (2024). Ethics, privacy and the perils of 'deepfake geography'.
Pursuit. https://pursuit.unimelb.edu.au/articles/ethics-privacy-and-the-perils-of-deep-
fake-geography

Bae, J. & Xu, J. (2023). Towards responsible urban geospatial AI: Insights from the White
House blueprint for an Al bill of rights. Urban Informatics, 2(1), 1-15.
https://doi.org/10.1007/s41651-024-00184-2

Basu, P. & Sengupta, R. (2024). Al and environmental ethics: Rethinking sustainability in
land-use policies. Environmental Ethics Journal, 46(2), 187-205.
https://doi.org/10.1080/01654246.2024.1189345

Batty, M. (2023). The new science of cities: A, big data, and urban modeling. MIT Press.

Bello, A., De Albuquerque, J. P. & Zeil, P. (2023). AI for disaster risk reduction: Ethical
challenges and future directions. International Journal of Disaster Risk Science, 14(1),
22-39. https://doi.org/10.1007/s13753-023-00452-9

Benjamin, R. (2024). Race after technology: Abolitionist tools for the new Jim Code. Polity
Press.

226



LASU Journal of Environmental Sciences Vol 1, No. 2, December 2025
(https://lasujournals.ng/index.php/lasujes)

Al, Geography and Ethics: Exploring the Intersections and Implications—Ogunkolu, A. Bolade /
Ajibade, Lanre T. & Ameh, Martins S. https://doi.org/10.5281/zenodo.17846256

Boyd, D. & Crawford, K. (2020). Critical questions for big data: Provocations for a cul-
tural, technological, and scholarly phenomenon. Information, Communication & So-
ciety, 15(5), 662-679.

Brayne, S. (2023). Predict and surveil: AI-driven law enforcement and its ethical implica-
tions. Social Problems, 70(2), 125-142. https://doi.org/10.1093/socpro/spac002

Bryson, J., Winfield, A. & Cave, S. (2023). Ethics of Al Building responsible geographic
intelligence. AI & Society, 38(4), 723-740. https://doi.org/10.1007/s00146-023-01459-7

Chen, Y. & Goodchild, M. F. (2024). Geospatial artificial intelligence (GeoAl): Current
trends and future challenges. International Journal of Digital Earth, 17(1), 24-45.
https://doi.org/10.1080/17538947.2024.2145029

Cinnamon, J. (2020). Data justice in the age of big data: The geopolitics of data ethics. An-
nals of the American Association of Geographers, 110(2), 337-347.

Eubanks, V. (2024). Automating inequality: Al big data, and the future of social justice. St.
Martin’s Press.

European Commission. (2023). The Al Act: Proposal for a regulation laying down harmo-
nised rules on artificial intelligence. https://digital-strategy.ec.europa.eu/en/poli-
cies/european-approach-artificial-intelligence

Floridi, L. & Cowls, J. (2024). Ethical AI governance in spatial sciences: Challenges and op-
portunities. Journal of AI Policy and Ethics, 11(1), 67-85.
https://doi.org/10.1016/j.jaip.2024.02.003

Gebru, T., Buolamwini, J. & Crawford, K. (2023). Algorithmic bias in geospatial Al: Ad-
dressing racial and social inequalities. Computers, Environment and Urban Systems,
92, 101832. https://doi.org/10.1016/j.compenvurbsys.2023.101832

Geospatial Commission. (2023). Ethical guidelines for Al in geospatial data analysis. UK
Government. https://www.gov.uk/government/publications/geospatial-ai-ethics

Ghamisi, P., Yu, W., Marinoni, A., Gevaert, C. M., Persello, C., Selvakumaran, S., Girotto,
M., Horton, B. P, Rufin, P., Hostert, P., Pacifici, F. & Atkinson, P. M. (2024). Respon-
sible AI for Earth observation. arXiv preprint arXiv:2405.20868.
https://arxiv.org/abs/2405.20868

Gonzalez, F., Zook, M. & Dodge, M. (2022). Al and geoprivacy: Emerging challenges in
surveillance geographies. Geoforum, 127, 43-56.

227



LASU Journal of Environmental Sciences Vol 1, No. 2, December 2025
(https://lasujournals.ng/index.php/lasujes)

Al, Geography and Ethics: Exploring the Intersections and Implications—Ogunkolu, A. Bolade /
Ajibade, Lanre T. & Ameh, Martins S. https://doi.org/10.5281/zenodo.17846256

Goodchild, M. F. & Li, W. (2021). Artificial intelligence in geographic research: The next
frontier? International Journal of Geographical Information Science, 35(4), 678-700.

Gorelick, N., Hancher, M., Dixon, M., Ilyushchenko, S., Thau, D. & Moore, R. (2022). Re-
mote sensing and Al Leveraging Google Earth Engine for environmental applications.
Remote Sensing of Environment, 267, 112743.

Gupta, H., Kumar, R. & Singh, P. (2024). Al in climate change modeling: Opportunities
and ethical concerns. Climate Policy, 24(1), 88-105.
https://doi.org/10.1080/14693062.2024.1178203

Huang, W. & Kitchin, R. (2024). Al big data, and ethical geographies: Navigating the
risks. Transactions in GIS, 28(1), 45-67. https://doi.org/10.1111/tgis.12976

IEEE. (2023). Ethics of autonomous and intelligent systems: Guidelines and principles.
IEEE Standards Association. https://standards.ieee.org/initiatives/ethics-in-ai/

Jang, S., Kang, Y. & Zhang, Q. (2023). The ethical dilemmas of Al in urban planning. Jour-
nal of the American Planning Association, 89(3), 295-309.
https://doi.org/10.1080/01944363.2024.2355305

Johnson, L. & Wang, T. (2023). Al and disaster resilience: Bridging the digital divide in cli-
mate adaptation. International Journal of Disaster Risk Reduction, 94, 103752.
https://doi.org/10.1016/j.ijdrr.2023.103752

Kang, Y., Zhang, Q. & Roth, R. (2023). The ethics of Al-generated maps: A study of
DALL-E 2 and implications for cartography. arXiv preprint arXiv:2304.10743.
https://arxiv.org/abs/2304.10743

Kitchin, R. (2024). Smart cities, AL, and ethical governance: A critical analysis. Urban
Studies, 61(3), 456-472. https://doi.org/10.1177/00420980231234567

Leszczynski, A. (2024). The ethics of geospatial Al: Data sovereignty and privacy in digital
geographies. Progress in Human Geography, 48(2), 220-238.
https://doi.org/10.1177/03091325231198257

Li, S. & Wang, C. (2024). Crossing boundaries: The ethics of AT and geographic infor-
mation technologies. ISPRS International Journal of Geo-Information, 13(3), 87.
https://doi.org/10.3390/ijgi13030087

Lum, K. & Isaac, W. (2023). AI and predictive policing: The ethics of algorithmic law en-
forcement. Big Data & Society, 10(1), 112-128.
https://doi.org/10.1177/20539517231123456

228



LASU Journal of Environmental Sciences Vol 1, No. 2, December 2025
(https://lasujournals.ng/index.php/lasujes)

Al, Geography and Ethics: Exploring the Intersections and Implications—Ogunkolu, A. Bolade /
Ajibade, Lanre T. & Ameh, Martins S. https://doi.org/10.5281/zenodo.17846256

Mahmud, K., Rahman, M. & Alam, S. (2024). AI and the digital divide: Challenges for eq-
uitable geospatial intelligence. Geographical Review, 114(1), 33-50.
https://doi.org/10.1080/00167428.2024.1190063

Miller, H. J. (2023). Artificial intelligence and human geography: Opportunities, chal-
lenges, and implications. In Advances in geographical and environmental sciences (pp.
45-62). Springer. https://doi.org/10.1007/978-3-030-93235-9_3

Obermeyer, Z., Powers, B., Vogeli, C. & Mullainathan, S. (2019). Dissecting racial bias in
an algorithm used to manage the health of populations. Science, 366(6464), 447-453.

OECD. (2024). Al principles: Guidelines for trustworthy Al https://www.oecd.org/going-
digital/ai/principles/
Rahimi, A., Liang, P. & Voss, J. (2023). The black box problem in AI-driven climate pro-

jections: Ethical and technical challenges. Environmental Research Letters, 18(4),
045002. https://doi.org/lO.1088/1748-9326/acd201

Shelton, T., Poorthuis, A. & Zook, M. (2021). Social media and the spatial turn: Big data
and the geographies of user-generated content. GeoHumanities, 7(2), 277-295.

Smith, M. J. & Jones, B. (2024). The ethical concerns of artificial intelligence in urban
planning. Journal of Urban Technology, 31(2), 123-139.
https://doi.org/10.1080/10630732.2024.1761234

Taylor, L. & Broeders, D. (2021). In the name of development: Power, profit, and the data-
fication of the Global South. Geoforum, 118, 45-56.

Taylor, L. & Graham, M. (2024). Al big data, and ethical geographies: Navigating risks
and regulatory frameworks. Transactions in GIS, 28(1), 45-67.
https://doi.org/10.1111/tgis. 12976

Turoff, M., Hiltz, S. R. & White, C. (2023). Al for emergency management: Balancing effi-
ciency and ethics. Journal of Emergency Management, 21(3), 176-192.
https://doi.org/10.5055/jem.2023.0589

UNESCO. (2024). Recommendation on the ethics of artificial intelligence. United Nations
Educational, Scientific and Cultural Organization. https://unesdoc.unesco.org/ai-eth-
ics

van Westen, C. J., Sterlacchini, S. & Pellicani, R. (2024). AI-driven landslide hazard assess-

ment: Ethical concerns in data biases and decision-making. Natural Hazards, 107(2),
543-560. https://doi.org/10.1007/s11069-024-06542-3

229



LASU Journal of Environmental Sciences Vol 1, No. 2, December 2025
(https://lasujournals.ng/index.php/lasujes)

Al, Geography and Ethics: Exploring the Intersections and Implications—Ogunkolu, A. Bolade /
Ajibade, Lanre T. & Ameh, Martins S. https://doi.org/10.5281/zenodo.17846256

Williams, R. & Johnson, M. (2023). The current state of GeoAl: Ethical considerations and
future directions. Ethical GEO. https://ethicalgeo.org/the-current-state-of-geoai/

Zhang, Q., Kang, Y. & Roth, R. (2023). The ethics of AlI-generated maps: DALL-E 2 and
AT's implications for cartography. In GIScience 2023 Conference Proceedings.
https://doi.org/10.4230/LIPIcs.GIScience.2023.93

Zhou, Y., Li, S. & Tang, J. (2023). Al-driven geographic studies: Opportunities, challenges,
and ethical considerations. Computers, Environment and Urban Systems, 94, 101794.

Zook, M., Dodge, M. & Aoyama, Y. (2021). The geographies of big data: Digital transfor-
mation and place-based ethics. Annals of the American Association of Geographers,
111(1), 30-52.

Zuboft, S. (2023). The age of surveillance capitalism: The fight for a human future at the
new frontier of power. PublicAffairs.

230



