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 This study presents a comprehensive bibliometric analysis of the application 
of artificial intelligence in geospatial research and geographic intelligence. 
Using the Scopus database and visualization tools such as VOSviewer and 
Microsoft Excel, this study systematically maps the scientific literature 
across the five analytical dimensions: publication trends, citation structure, 

co-citation patterns, bibliographic merging, and keyword co-occurrence. The 
findings indicate a significant increase in global research interest, especially 
after 2020, with major contributions from the United States, China, and the 
United Kingdom. The results also reveal thematic clusters ranging from 
remote sensing and disaster response to smart city planning and spatial 
prediction. Through science mapping and performance analysis, the study 
highlights the intellectual structure and conceptual evolution of the field. 
The study contributes to academic understanding by identifying research 

gaps, emerging themes, and collaboration patterns, which can guide future 
interdisciplinary research in the artificial intelligence and geospatial domain. 
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1. INTRODUCTION 

Over the past two decades, artificial intelligence has experienced tremendous development by 
changing the way humans interact with technology [1]. Artificial intelligence has surpassed theoretical limits 

in the fields of computer science and engineering so that it has been widely used in everyday life, such as 

systems that provide recommendations and decision making through large databases [2]. The advancement of 

artificial intelligence does not only have an impact on the economic, social or industrial sectors but the 

impact of artificial intelligence is also developing in the field of geography [3]. The integration of artificial 

intelligence with spatial data has resulted in new approaches in processing, analyzing, and interpreting more 

complex and dynamic geospatial information [4]. Recent advances in artificial intelligence have accelerated 

the development of geospatial artificial intelligence (GeoAI), defined as spatially explicit artificial 

intelligence techniques that integrate geographic knowledge, spatial relationships, and learning algorithms to 

enhance geospatial analysis and decision making [5]. This development is the basis and strengthens the role 

of digital geography in various aspects of substance such as regional spatial planning, disaster mitigation, 
land use change to artificial intelligence-based geography learning [6]. This is realized in various artificial 

intelligence research results in the development of geospatial technology by providing hope and a better 

future for the development of geospatial technology [7].  

https://creativecommons.org/licenses/by-sa/4.0/
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The development of artificial intelligence in geospatial technology has been integrated and used in 

various lives. According to Wang et al. [8], artificial intelligence is used to improve the classification of 

satellite images in terms of land cover mapping. The use of technology integration such as convolutional 

neural network (CNN) has been shown to provide accuracy resulting in differences between land types 

compared to conventional mapping methods. These findings provide opportunities for new efficiencies in 

environmental monitoring and regional planning. In line with that, Nagaiah et al. [9] suggest that artificial 
intelligence has an important role in the development of real-time spatial data-based natural disaster early 

warning systems. With faster results and accuracy ranging from 87% to 93.5%, it provides very important 

geospatial anomaly detection results. Artificial intelligence is able to enrich spatial analysis in geographic 

information systems through the automation of the given analysis and proper assessment of spatial data and 

the resulting machine learning algorithms are able to produce identification of spatial patterns that were 

previously difficult to find by traditional spatial statistical approaches [10]. 

In the context of policy and regional planning, artificial intelligence in spatial modeling can 

accelerate spatial simulation based on accurate analytical data. This contributes to evidence-based decision 

making, especially in the context of sustainable urban planning and resource management [11]. In the context 

of land use prediction, artificial intelligence provides guidance on recommendations and interpretation of 

results that can provide accurate modeling and predictions based on local government policies [12]. Recent 

studies have demonstrated the effectiveness of artificial intelligence-based geospatial models in supporting 
spatial decision making for disaster mitigation, particularly in optimizing the site selection of earthquake 

emergency shelters [13]. The importance of artificial intelligence in managing large-scale geospatial data that 

cannot be handled efficiently by manual approaches so that artificial intelligence algorithms need to be 

reconstructed by humans to produce feature extraction from remote sensing data in large-scale projects [14]. 

However, despite these significant contributions, there is still a gap in the mapping of scientific knowledge 

about artificial intelligence in the geospatial field, which has developed into geographic intelligence [3]. 

Many researchers are conducting research related to artificial intelligence by integrating geospatial 

technology, but it is difficult to understand the direction of development and research collaboration in this 

field as a whole if it is not analyzed more deeply. 

Bibliometric analysis as a quantitative approach and visualizing the study of scientific literature is 

able to provide a comprehensive mapping of knowledge structures, global research trends, global topics, 
keywords, authors, and relationships between publications in a particular field [15]. This approach has been 

used in various disciplines to identify the intellectual map and future direction of research [16]. Some 

previous studies have used bibliometric approaches in the field of artificial intelligence in general. However, 

there are not many bibliometric studies that specifically highlight the application of artificial intelligence in 

the field of geospatial and geographic intelligence, especially with data visualization approaches such as  

co-citation, bibliographic coupling, and keyword analysis. The few bibliometric studies that address the role 

of artificial intelligence in remote sensing have limited coverage in the remote sensing domain [17], [18]. 

This suggests the need for a broader, cross-disciplinary study that integrates the fields of geographic 

information systems, remote sensing, spatial planning, and geographic intelligence in greater depth. 

This research is relevant to provide a more comprehensive and strategic overview of scientific 

developments at the intersection of artificial intelligence and geospatial. This analysis will cover important 
elements in the academic knowledge ecosystem such as publication trends, geographical distribution of 

research, key sources, author collaboration networks, and thematic findings through the unit of analysis 

conducted in this bibliometric approach research [19]. Therefore, this study was designed to answer the 

research question:  

RQ 1: what are the trends in scientific publications related to the application of artificial intelligence in 

geospatial and geographic intelligence over time?  

RQ 2: who are the most contributing authors, institutions and countries in this field?  

RQ 3: what are the dominant research themes emerging, and how do they relate to each other? 

RQ 4: what is the structure of citation and collaboration networks within this scientific community? 

Understanding these knowledge patterns will help researchers, academics and policy makers 

understand the scientific landscape and identify potential collaborations and future research directions in 

artificial intelligence and geospatial integration. This is important in addressing global challenges such as 
climate change, urbanization, and disaster management. Overall, the aim of this study is to map and analyze 

scientific publications on artificial intelligence applications in geospatial and geographic intelligence 

bibliometrically. This research not only provides an overview of how this topic has evolved, but also points 

out new gaps and opportunities for future exploration. So that it can be utilized by researchers, government, 

educators, and the public in understanding the integration of artificial intelligence in geospatial and 

geographic intelligence comprehensively. 
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2. METHOD 

2.1.  Study framework 

This research was designed as a quantitative descriptive bibliometric study, with the aim of mapping 

the development of scientific literature on the application of artificial intelligence in the context of geospatial 

and geographic intelligence. The bibliometric approach allows researchers to identify intellectual structures, 

topic trends, and scientific collaborations within a field based on publication metadata made available by 

academic databases [15]. Bibliometric approaches have also been increasingly applied in geography-related 
domains to map research trends and intellectual structures, demonstrating their relevance for analyzing 

interdisciplinary fields that integrate technology and spatial sciences [20]. Bibliometric studies are important 

in this context because the field of artificial intelligence in geospatial shows rapid growth but has not been 

fully documented in the form of systematic scientific mapping. Therefore, this approach is used not only to 

determine the level of scientific productivity, but also to evaluate the impact and interconnectedness of 

researchers, institutions, and thematic keywords used in publications [21]. The analytical framework in this 

study is based on two main pillars, namely performance analysis and science mapping. Performance analysis 

aims to measure scientific contributions through the number of publications, citations, and productivity levels 

of various entities such as authors, journals, countries, and institutions [22]. Meanwhile, science mapping 

serves to illustrate conceptual and structural relationships through the analysis of co-citation, bibliographic 

coupling, and keyword co-occurrence [23]. 

This study also refers to the bibliometric approach developed by [15], in compiling the stages of 
bibliometric analysis, starting from the formulation of research questions, data retrieval, article screening, 

bibliometric analysis, to interpretation of visualization results. This approach is believed to be able to 

produce an accurate and comprehensive picture of the dynamics of knowledge development in the field under 

study. The researcher designed this study by focusing on scientific articles that explicitly discuss application 

of artificial intelligence in geographic information systems, remote sensing, spatial analysis, and other fields 

related to digital geography. The literature search was conducted on the Scopus database as one of the most 

extensive and highly reputable bibliographic databases in the international scientific literature [24]. The 

entire research process was carried out systematically to ensure the validity of the data. Starting from the 

formulation of relevant keywords, applying Boolean formulas in the search, to filtering data based on 

document type, publication language, and content relevance [25].  

This stage uses preferred reporting items for systematic reviews and meta-analyses extension for 
scoping reviews (PRISMA-ScR) to assist researchers in representing the existing literature [26]. The results 

of the initial search were then filtered to obtain a dataset that truly reflected the research theme being studied. 

By using a bibliometric approach, this research is not only retrospective, but also prospective. That is, in 

addition to capturing developments that have occurred, this study also aims to identify future research 

directions through patterns of topic linkages and scientific collaboration [19]. This makes a strategic 

contribution to strengthening the multidisciplinary research agenda between computer science, geography 

and spatial planning. Overall, the framework of this study provides a solid methodological foundation for 

understanding how artificial intelligence has been and will continue to be used in the geospatial field. 

Through this approach, this research is expected to bridge the knowledge gap and strengthen the integration 

between smart technology and earth science in supporting spatial data-based decision-making. 

 

2.2.  Data retrieval strategy 

Bibliographic data searches in this study were conducted using the Scopus database because it has a 

broad, trusted, and internationally indexed coverage of scientific literature, especially in the fields of 

technology, geography, and computer science. Besides, Scopus indexed articles are highly reputable 

academic scientific publications [24]. The search process was carried out using a combination of the main 

keywords with the following Boolean query string in the Scopus database: TITLE-ABS-KEY ("geoAI" OR 

"Geospatial intelligence" OR "geography intelligence"). 

 

2.3.  Eligibility criteria 

The literature selection phase was executed methodically to guarantee that only pertinent and  

high-quality papers were examined in this study. The selection was done after an initial search process in the 

Scopus database using a Boolean formula that produced a number of raw documents based on predetermined 
keyword combinations [27]. Inclusion and exclusion criteria were used to clarify the study boundaries and 

maintain data validity [28]. The inclusion criteria included documents that directly addressed artificial 

intelligence, geospatial and geographic intelligence with publications in reputable journals and  

peer-reviewed. Meanwhile, documents that were not directly related to Boolean formulas were excluded. The 

criteria are organized and presented in more detail at Table 1 to provide a clear overview of the literature 

selection process. The selection was conducted after an initial search in the Scopus database using a Boolean 



Int J Artif Intell  ISSN: 2252-8938  

 

A bibliometric analysis of artificial intelligence applications in geospatial and … (Chatarina Muryani) 

3039 

formula that produced a set of raw documents based on predetermined keyword combinations [29]. Inclusion 

and exclusion criteria were subsequently applied to define the study boundaries and ensure data validity [30]. 
 

 

Table 1. Inclusion and exclusion criteria literature 
Aspects Inclusion Exclusion 

Year of publication 2010 - to 2025 (current) Prior to 2010 

Language of publication Documents in English Documents not in English 

Type of document Only scientific articles, conference 

papers, and review papers 

Does not include editorials, notes, book chapters, 

or thesis/dissertations. 

Subject area Social sciences, earth and planetary 

science, environmental science, 

computer science, engineering 

Other than sciences, earth and planetary science, 

environmental science, computer science, 

engineering 

Access to metadata Documents have titles, abstracts, and 

keywords available 

Documents do not have titles, abstracts, and 

keywords available 

Topic Artificial intelligence, geospatial and 

geographic intelligence 

Other than artificial intelligence, geospatial and 

geographic intelligence 

 

 

2.4.  Analytical procedures 

This study developed a systematic analysis model to support bibliometric studies related to the 

application of artificial intelligence in the field of geospatial and geographic intelligence. This model consists 

of five main stages that are logically and methodologically interrelated, namely the formulation of the study 

framework, data search strategy, document screening process, bibliometric analysis, and visualization and 

interpretation of results [31]. Each stage is organized sequentially to ensure accuracy and transparency 

throughout the analysis process [32].  

The first stage began with the formulation of the study framework, which became the conceptual 

basis for determining the scope of the research. In this case, the focus was on the scientific literature that 
addresses the integration of artificial intelligence in geographic information systems, remote sensing, and 

artificial intelligence-based spatial analysis. This framework also helped in formulating research questions 

and developing an effective search strategy. Furthermore, in the second stage, a data search strategy was 

implemented through the utilization of the Scopus database, with the use of specific keywords and Boolean 

formulations to obtain relevant and high-quality data. After the data was collected, the third stage was 

conducted using the PRISMA-ScR approach as a tool to systematically filter and select documents. The 

procedure includes four main steps: identification, screening, eligibility check, and final inclusion [15]. A 

PRISMA-ScR diagram was prepared to transparently document the flow of article selection, which is 

presented in Figure 1 [33].  
 

 

 
 

Figure 1. PRISMA-ScR [26] 
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In the fourth stage, the process of performance analysis and scientific mapping using a bibliometric 

approach was carried out. This analysis includes several main techniques, including citation analysis,  

co-citation analysis, bibliographic coupling, and co-occurrence analysis [34]. The final stage in this model is 

visualization and interpretation of the results. All bibliometric analysis results are visualized in the form of 

scientific networks using VOSviewer and Microsoft Excel software. This visualization includes author 

collaboration networks, keyword clustering, and citation relationships between documents, which are then 

interpreted to illustrate intellectual structures, research trends, and opportunities for future scientific 
collaboration [35]. By integrating these five stages presented in Figure 2, the analysis model built in this 

study is expected to provide a complete picture of the dynamics of knowledge and the direction of 

development of the field of artificial intelligence in the geospatial domain systematically and objectively. 

 

 

 
 

Figure 2. Analytical procedures 

 

 

3. RESULTS AND DISCUSSION 

3.1.  Mapping research output and trends 

The growth in the number of publications that discuss the application of artificial intelligence in 
geospatial and geographic intelligence has increased significantly in the last two decades. As shown in  

Figure 3, from 2010 to 2020, the development of publications was still relatively fluctuating and relatively 

limited. However, this trend changed drastically after 2020, where a surge in the number of publications 

began to be seen consistently. This increase indicates the increasing attention of the scientific community to 

the integration of artificial intelligence and geospatial technology as one of the strategic topics in 

multidisciplinary research. One of the main reasons for this increasing publication trend is the development 

of deep learning technology and the widespread availability of high-resolution spatial data [36]. The 

combination of advances in artificial intelligence algorithms and geospatial big data opens up new 

opportunities in spatial modeling, area mapping, and automatic detection of environmental changes [37]. The 

COVID-19 pandemic is also one of the triggering factors, where the need for remote monitoring technology 

is very important [38]. Artificial intelligence was used to model the spatial distribution of the pandemic and 
optimize resource allocation. This situation strengthens the position of GeoAI as a solution to the global 

crisis and expands its application to the fields of health, logistics, and adaptive urban planning so that many 

artificial intelligence applications emerge during the COVID-19 pandemic [39].  

Figure 4 illustrates the main publication channels in this topic, with dominance by journals from the 

fields of computer science, geoinformatics, and environmental science. Some of the top journals that 



Int J Artif Intell  ISSN: 2252-8938  

 

A bibliometric analysis of artificial intelligence applications in geospatial and … (Chatarina Muryani) 

3041 

consistently publish related articles include Remote Sensing, ISPRS International Journal of Geo-Information, 

Sensors, and IEEE Access. This indicates that the topic is widely accepted across various scientific 

disciplines. The multidisciplinary character of the publications is evident, where a single topic can be found 

in journals oriented towards technical algorithms, spatial data processing, or location-based decision making. 

This emphasizes that artificial intelligence-geospatial studies do not stand in a particular scientific silo, but at 

the intersection of engineering, earth sciences, and policy. In addition to scientific journals, many 
publications come from conference proceedings such as International Geoscience and Remote Sensing 

Symposium (IGARSS) and ACM Special Interest Group on Spatial Information (ACM SIGSPATIAL). This 

shows that the development of artificial intelligence-geospatial technology is fast-paced and widely discussed 

in annual scientific forums, which enables dynamic knowledge exchange. These early publication trends 

reflect the emergence of GeoAI as an interdisciplinary research area, with initial applications extending 

beyond traditional geospatial analysis into domains such as environmental and health-related studies, as 

highlighted in earlier conceptual discussions of GeoAI [40]. The frequency of publications in open-access 

journals is also increasing. This benefits the global research community as it expands access to references 

and accelerates technology transfer.  

 

 

 
 

Figure 3. Document by years 

 

 

 
 

Figure 4. Document by sources 

 

 
Figure 5 displays the authors who have the highest number of publications on this topic. Although 

the concentration of authors is not very high, there are several names that appear consistently in the literature, 

indicating that they are core contributors in the development of this science. Their presence is important for 

understanding the network of collaboration and the direction of the research being developed. This analysis 
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also shows that many authors are active in collaborative research groups, both nationally and internationally. 

This means that the topic is not only developing at the individual level, but is also supported by large-scale 

research consortia and multi-institutional projects. It is important to note that there are also contributions 

from early career researchers or institutions in developing countries, albeit on a limited scale. This is a 

positive sign that access to artificial intelligence technologies and spatial data is becoming more equitable, 

although their role in global publications still needs to be strengthened. The identification of these influential 

authors can help new researchers choose the direction of collaboration, develop publication strategies, and 
understand the dominant research trends in a particular subdomain. In addition, this information can also be 

used by educational institutions to strengthen cross-border research cooperation. 

 

 

 
 

Figure 5. Document by authors 

 

 

Figure 6 shows that the largest publication contributions come from countries such as the United 

States, China, Germany, United Kingdom, Singapore, and Australia. These countries have well-established 

research ecosystems, advanced computing facilities and research policies that support the integration of 

spatial technologies and data. This reflects the global dominance in knowledge production by developed 

countries with high capacity in artificial intelligence and geospatial research. The United States is the most 
productive country in terms of publications, in line with the role of government agencies, private sector, and 

top universities active in spatial-based artificial intelligence research. China follows as an aggressive 

emerging research force in developing artificial intelligence applications for regional planning, disaster 

mitigation, and environmental management. Collaboration between national research institutes and the 

industrial sector strengthens both countries' position on the global stage. European countries such as the 

United Kingdom and Germany are also making significant contributions, particularly on the topics of urban 

sustainability, smart cities, and the use of artificial intelligence for spatial governance. Many of their projects 

are open access, which has a broad impact on the global scientific community.  

 

 

 
 

Figure 6. Document by territory 
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On the other hand, developing countries still show relatively small contributions despite their high 

demand for spatially intelligent technologies. Low access to research infrastructure and funding are the main 

obstacles limiting their scientific productivity. However, the potential for growth remains open, especially 

with more international collaborations and open funding programs. This geo-mapping shows that artificial 

intelligence in geospatial is not only a scientific trend, but also an indicator of inequality in access and 

research capacity between countries. An inclusive global strategy is needed so that this growing body of 
knowledge can be harnessed equitably, including by countries with high vulnerability to spatial issues such as 

disasters, climate change, and rapid urbanization. 

As shown in Figure 7, the majority of documents analyzed in this study are scientific journal 

articles, followed by conference proceedings and review papers. This composition suggests that the 

development of artificial intelligence-geospatial topics has entered the realm of formal scientific  

discourse and undergone a consistent publication cycle. The significant presence of conference articles 

reflects that many innovations in this field are first introduced through scientific forums before being fully 

published in journals. This is common in technology fields that are dynamic and adaptive to the 

development of algorithmic and hardware trends. Meanwhile, the limited number of review articles 

indicates that conceptual studies and theory synthesis in this field still need to be strengthened. 

Bibliometric studies such as this one contribute to filling this gap by providing an intellectual map that can 

be used to develop theoretical frameworks and long-term research agendas. Overall, the variety of 
documents across formats and channels suggests that this topic has reached a certain level of maturity, but 

also holds great opportunities for further development, particularly in the form of critical literature reviews 

and collaborative publications across sectors. Figure 7 presents the distribution of publications by 

document type retrieved from the Scopus database. Journal articles represent the largest proportion of the 

dataset, followed by conference papers and review articles, indicating that peer-reviewed journal 

publications remain the primary channel for disseminating artificial intelligence research in geospatial and 

geographic intelligence. 

 

 

 
 

Figure 7. Document by type 

 

 

3.2.  Citation landscape analysis 

Citation analysis is a quantitative approach in bibliometric studies used to assess the impact and 
scholarly influence of a publication or author in the academic community [15]. High citation indicates that 

the work is often referenced by other researchers and is considered to have a significant contribution to the 

development of knowledge in a particular field [41]. In the context of this research, citation analysis was 

conducted to identify leading authors in the study of artificial intelligence and its application in the field of 

geospatial and geographic intelligence. The visualization shown in Figure 8 shows the distribution of authors 

based on the number of citations they received in the documents analyzed. Authors with larger dot sizes in 

the visualization show higher citation rates, which indirectly indicates greater scholarly influence. Some 

authors also form clusters that show thematic affiliation or methodological relatedness. These results show 

findings that contain authors researching the use of artificial intelligence in high-resolution satellite image 

processing, and then evolve into findings of authors focusing on the integration of artificial intelligence and 

geographic information systems in the context of smart cities and spatial planning. 



                ISSN: 2252-8938 

Int J Artif Intell, Vol. 15, No. 4, August 2026: 3036-3052 

3044 

Artificial intelligence findings have opened up significant opportunities in the processing of  

high-resolution satellite imagery for various applications. Li et al. [42] shows the advancement of artificial 

intelligence and deep learning in Arctic sea ice monitoring, while Rezvani et al. [43] demonstrate the use of 

machine learning for flood prone point detection. Liu and Song [44] shows how GeoAI integrates computer 

vision with socioenvironmental patterns for property development mapping, meanwhile, Kang et al. [45] 

presents a comprehensive review of artificial intelligence methods and applications in the cartography.  

Zhang et al. [46] introduced MapGPT, a framework that integrates large language models with cartographic 
tools, and Akinboyewa et al. [47] developed an automated flood water depth estimation method for rapid 

flood mapping. The authors began to develop artificial intelligence research by integrating geographic 

information systems as regional planning, population, and urbanization. The integration of artificial 

intelligence with geographic information systems has brought significant advances in regional planning and 

smart city development. Wang et al. [8] developed a position-aware graph-CNN fusion network that 

integrates geospatial information with graph attention network for multiclass change detection, providing an 

advanced approach to monitor land use change and urbanization.  

On the environmental aspect, Termeh et al. [48] applied an explainable GeoAI approach to assess 

noise pollution-prone areas, providing valuable insights for regional planning that considers the health and 

comfort of residents. Although such developments are promising, Marasinghe et al. [49] emphasized the 

importance of a responsible approach in the application of urban GeoAI, taking into account the ethical 

and social implications of this technology in an urban context. Their study of white and gray literature 
highlights the need for a strong ethical framework in the application of GeoAI for urban planning. 

Complementing this, Mansourihanis et al. [50] demonstrated the integration of geospatial intelligence with 

spatio-temporal modeling to monitor tourism-related carbon emissions in the United States, demonstrating 

the potential of artificial intelligence and geographic information systems in supporting environmental 

sustainability and managing the impacts of urbanization. Overall, the integration of artificial intelligence 

with geographic information systems opens up new opportunities for analyzing population patterns, 

managing urbanization, optimizing regional planning, and realizing the vision of a more inclusive, 

efficient, and sustainable smart city, although it still requires comprehensive ethical and social 

considerations in its implementation. 

What is interesting about this finding is that there are researchers with a small number of 

publications, but a high citation rate. This suggests that the quality and relevance of research to scientific and 
practical needs have a huge influence. Articles that address actual challenges in spatial disaster mitigation, 

urban planning, or artificial intelligence-based resource management tend to receive more attention and 

citations. Some of the authors at the center of the cluster act as knowledge hubs, connecting researchers 

between different subfields. They often bridge technical research with policy applications or spatial 

operations. Their role is crucial in broadening the scope of research impact and promoting multidisciplinary 

integration within the scientific community. Overall, the results of this citation landscape analysis provide 

important insights into the key actors in the field of artificial intelligence for geospatial. This mapping not 

only helps in identifying thought leaders, but also provides strategic directions for new researchers to situate 

their contributions within the larger scholarly ecosystem. The findings confirm that citations are not just a 

number, but a representation of the strength of ideas, relevance of methodology, and ability to meet the 

challenges of the times. 
 

 

 
 

Figure 8. Citation analysis by author 
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3.3.  Intellectual structure through co-citation analysis 

Co-citation analysis is one of the techniques in bibliometric studies used to map the intellectual 

structure of a field of science based on the frequency of two authors or documents being cited simultaneously 

by other articles [51]. The more often two authors or scholarly works are cited together, the more likely it is 

that the two works have thematic or methodological affinities [34]. In the context of this research, co-citation 

analysis was conducted to understand how the scientific map is formed and grouped in the development of 
artificial intelligence research in the field of geospatial and geographic intelligence. Figure 9 presents the 

visualization of the co-citation network between authors. Each node in the graph represents one frequently 

cited author, while the connecting lines show the frequency of co-citation. The thickness of the line indicates 

the strength of the co-citation relationship between the authors. This visualization shows the formation of 

intellectual clusters, which are groups of authors that are closely connected through co-citation, reflecting the 

existence of a scientific community that has a common research focus. Table 2 shows the interpretation of the 

clusters formed.  

 

 

 
 

Figure 9. Co-citation analysis by author 

 

 

Table 2. Interpretation of co-citation analysis clusters displayed 
Cluster Color Label 

1 Red Chen H; Chen J; Chen W; Chen X; Chen Y; Chen Z; Huang X; Lee S; Li H; Li J; Li Q; Li S; 

Li X; Li Y; Li Z; Liu H; Liu J; Liu X; Liu Y; Pradhan B; Song y; Wang C; Wang h; Wang J; 

Wang L; Wang S; Wang X; Wang Y; Wang Z; Yang Y; Zhang C; Zhang H; Zhang J; Zhang 

L; Zhang W; Zhang X; Zhang Y; Zhang Z; Zhou Y; and Zhu Y 

2 Green Bengio Y; Bhaduri B; Cai L; Ermon; Gao S; Hu Y; Huang W; Janowicz K; Lao n; Liu Z; Mai 

G; Mckenzie G; Wu J; Yan B; Yigitcanlar T; and Zhu R 

3 Blue Biljecki F; Huang Z; Kang Y; Li M; Liu P; Ratti C; Zhang F; Zhao T; and Zhu D 

4 Yellow Goodchild M F; He k; Hsu C; and Li W 

 

 

Cluster 1, for example, consists of authors who focus on development of deep learning algorithms in 

satellite image classification and remote sensing. This cluster is generally rooted in the fields of computer 

vision and machine learning, with strong methodological contributions. Cluster 2 includes authors who focus 

more on the application of artificial intelligence in area management, early warning systems, and spatial 
disaster risk mapping. Meanwhile, cluster 3 leads to researchers developing integrative approaches  

between artificial intelligence and smart city planning, including the use of geoinformation to support spatial 

decision-making. Cluster 4 emphasizes more on theoretical and conceptual aspects, including debates on 

ethics and sustainability in the use of artificial intelligence for spatial data. The existence of these clusters 

demonstrates the complexity of the field and the many approaches used by the global scientific community. 

The findings show that the intellectual structure of the field is multidimensional. Although the focus of 

studies varies, most authors remain connected through intersection of artificial intelligence and spatial data. 

For example, authors from the technical cluster and the applications cluster have indirect connections through 
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citations to the same frameworks, such as CNNs or decision trees in spatial decision-making [8], [9]. The 

corresponding authors have work relevant to more than one research theme, and are often the connecting 

point between researchers who focus on technical aspects and researchers who focus on policy implementation.  

This role is important in promoting interdisciplinary integration and strengthening scholarly 

cohesion in this emerging field. The fact that most clusters involve authors from different countries suggests 

that the intellectual structure in this topic is global and collaborative. Thus, co-citation analysis also helps in 

mapping conceptual collaborations that transcend geographical boundaries. In addition, co-citation analysis 
also provides a basis for designing theoretical frameworks in future research. Researchers can use 

information from these clusters to trace strong theoretical foundations and understand the key literature used 

by the scientific community in building their arguments. Co-citation not only serves as a mapping, but also as 

a literature guide in further research. Overall, the intellectual structure mapped through the co-citation 

analysis provides a comprehensive picture of the theoretical development, the relationship between ideas, as 

well as the centers of gravity of scholarship in this field. The results of this analysis show that the topic of 

artificial intelligence in geospatial is a very rich field in terms of concepts and approaches, and is open to 

further development through cross-disciplinary synthesis and integration of new approaches. To facilitate the 

interpretation of the co-citation network presented in Figure 9, the major clusters formed in the co-citation 

analysis are summarized and explained in Table 2. This table describes the thematic orientation of each 

cluster based on frequently co-cited authors, highlighting the intellectual structure underlying artificial 

intelligence applications in geospatial and geographic intelligence research. 
 

3.4.  Thematic evolution through bibliographic coupling 

Bibliographic coupling analysis is a method in bibliometrics used to identify relationships between 

documents based on the similarity of the references they use [52]. Two documents are considered 

bibliographically linked if they cite the same source, indicating thematic affinity or similar methodological 

approaches [34]. In the context of this study, bibliographic coupling analysis was conducted to understand 

how research themes in artificial intelligence and geospatial fields evolve and form patterns of 

interrelationships between countries. Figure 10 presents a visualization of bibliographic coupling by country 

entity, showing the relationship between scientific literature from each geographic region. The size of the dot 

represents the number of documents produced by that country, while the connecting line indicates the 

strength of the bibliographic coupling. Countries that have a strong relationship indicate that they develop 
research with similar reference bases, which can be assumed to have a similar thematic focus. Table 3 shows 

the interpretation of the clusters formed through this analysis. The first cluster, for example, consists of 

countries such as the United States, Argentina, and Canada that focus on utilizing artificial intelligence in 

smart city planning and risk mitigation due to climate change. This cluster is characterized by a strong 

applicative and policy-oriented approach. Meanwhile, the second cluster involves countries such as Brazil, 

South Korea, and Germany that emphasize technical development, such as algorithm optimization and 

automation of satellite image classification. The third cluster consists of countries such as Malaysia, Saudi 

Arabia, and Poland. They tend to focus their research on environmental management, forest cover, and 

spatially-based disaster mitigation. The findings show that bibliographic coupling does not only reflect 

bibliographic relationships, but also the geographical context, national policies and research priorities of each 

country. Countries with rapid urbanization challenges tend to focus on smart city research, while countries 
with high disaster risk tend to develop artificial intelligence for spatial monitoring and mitigation through the 

integration of geographic information systems. 

Bibliographic coupling also helps identify countries at the center of clusters, serving as a driver in 

directing regional and global research directions. Artificial intelligence research is best integrated with 

geographic information systems for regional planning in some countries [49]. The development of artificial 

intelligence with the integration of geographic information systems developed and utilized for disaster 

mitigation and mapping of areas with high disaster vulnerability [50]. Differences in the strength of 

connections between countries are also an indicator of the level of focus and thematic clarity of a national 

literature. Countries with well-directed national research strategies and funding support tend to produce 

documents that are strongly interconnected bibliographically. In contrast, countries with dispersed or less 

consolidated research systems tend to have weak connections in the coupling network. 

The overall results of this bibliographic coupling analysis emphasize the importance of a global 
perspective in mapping the evolution of research themes. The connections between documents across 

countries reflect how spatial challenges are universal, but approaches and solutions are strongly influenced by 

local contexts. By understanding the coupling structure, researchers can identify new collaboration avenues, 

expand their reference range, and build a more contextually and globally relevant research framework. To 

support the interpretation of the bibliographic coupling network shown in Figure 10, the major country-based 

clusters identified in the analysis are summarized in Table 3. This table explains the thematic orientation of 
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each cluster based on shared reference patterns, providing insight into how national research priorities and 

methodological similarities shape the development of artificial intelligence applications in geospatial and 

geographic intelligence. 

 

 

 
 

Figure 10. Bibliographic coupling by country 

 

 

Table 3. Interpretation of bibliographic coupling analysis clusters displayed 
Cluster Color Label 

1 Red Argentina, Canada, India, Ireland, Switzerland, and United States 

2 Green Austria, Brazil, Denmark, Egypt, Germany, and Netherlands 

3 Blue Italy, Poland, Saudia Arabia, South Korea, Spain, and United Kingdom 

4 Yellow Australia, Hong Kong, Malaysia, and Sweden 

 
 

3.5.  Conceptual framework from keywords co-occurrence 

Keyword co-occurrence analysis is a bibliometric technique used to identify key concepts in a 

field of science through the frequency of co-occurrence of keywords in scientific documents [53]. The 

more often two or more keywords appear together in a document, the stronger the thematic relationship 

between the terms [35]. In the context of this research, co-occurrence analysis was used to map the 

conceptual framework developed in the literature on artificial intelligence in geospatial and geographic 

intelligence. Figure 11 presents a visualization of the keyword network map that forms several major 

clusters. These clusters are represented in different colors, each signifying a cluster of related themes. 

Table 4 summarizes the interpretation of each cluster based on the dominant keywords. The existence of 

these clusters reflects the direction of concept development and the approach used by the scientific 
community in studying this topic. 

The first cluster consists of keywords such as ChatGPT, climate change, disaster response, GeoAI, 

geospatial, information retrieval, large language models, and social media. This cluster reflects the thematic 

focus on the utilization of remote sensing technology for area classification and spatial mapping with  

CNN-based approaches or advanced classification algorithms based on spatial data [8]. This cluster provides 

the foundation for various artificial intelligence applications in environmental ecosystems, especially for 

disaster, land monitoring, deforestation, and land cover conversion.  

The second cluster features terms such as explainable AI, explainable artificial intelligence, GeoAI, 

graph neural networks, location encoding, spatial prediction, spatial representation learning, and urban 

analytics. This shows the focus on the use of artificial intelligence for large-scale spatial analysis in the 

context of smart city planning. It shows a focus on the use of artificial intelligence for large-scale spatial 

analysis in the context of smart city planning and spatial data-driven territory management. This cluster 
indicates a shift from manual approaches to more automated systems, based on the integration of spatial data 

with smart technologies.  
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The third cluster emphasizes the relationship between data fusion, geospatial analysis, geospatial 

intelligence, machine learning, random forest, spatial data, and urban planning. This cluster represents the 

application of artificial intelligence in spatial data integration, with a focus on spatial modeling for early 

detection, vulnerability mapping, and location-based decision-making. It is particularly relevant in the 

context of climate change adaptation and disaster management capacity building.  

The fourth cluster includes keywords such as smart city, spatial decision, IoT, and urban monitoring. 

This theme emphasizes the integration of artificial intelligence with digital infrastructure and geographic 
information systems to support decision-making in cities based on real-time data. This cluster shows how 

artificial intelligence is positioned as a key driver in realizing efficient city governance that is responsive to 

spatial dynamics.  

 

 

 
 

Figure 11. Co-occurrence analysis by keywords 

 

 

Table 4. Interpretation of co-occurrence analysis clusters displayed 
Cluster Color Label 

1 Red ChatGPT, climate change, disaster response, GeoAI, geospatial, information retrieval, large language 

models, and social media 

2 Green Explainable AI, explainable artificial intelligence, GeoAI, graph neural networks, location encoding, 

spatial prediction, spatial representation learning, and urban analytics 

3 Blue Data fusion, geospatial analysis, geospatial intelligence, machine learning, random forest, spatial data, 

and urban planning 

4 Yellow Artificial intelligence, cartography, ethics, GeoAI, responsible artificial intelligence, smart city, and 

spatial heterogeneity 

5 Purple Deep learning, foundation models, semantic segmentation, transformer, and U-Net 

 

 

The occurrence of several cross-cluster keywords such as machine learning, deep learning, and 

artificial intelligence shows that artificial intelligence methods are transdisciplinary and widely applied in 

various spatial contexts. This strengthens artificial intelligence's position as a general approach that is flexible 

and adaptive to various spatial challenges. The analysis also shows a trend of shifting keywords from 

technical to applied terms. Whereas initially the focus was more on methods such as support vector machine 

or artificial neural network, terms such as urban resilience, geospatial intelligence, or spatial planning are 

now used. This shows that the scientific community is increasingly placing artificial intelligence as a tool to 

address real-world problems in geography. 
In addition, the density of keywords in some clusters indicates popularity and high frequency in the 

literature, indicating great focus and attention from the academic community. However, keywords with low 

density but still appearing, such as explainable AI or graph neural networks, may be an indicator of new 
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themes that are emerging or have the potential to be further developed. Overall, the results of this  

co-occurrence analysis provide an overview of the conceptual landscape that makes up the artificial 

intelligence-geospatial field. This keyword map can be used as a basis for designing theoretical frameworks, 

identifying mature research areas that are still open for exploration, and understanding the dynamics of 

scientific discourse within the global research community. By understanding how keywords are 

interconnected and form thematic clusters, researchers can map the position of their research within the 
broader knowledge ecosystem, while designing relevant and impactful scientific contributions. This analysis 

is an important capstone in understanding the direction of topic development and formulating conceptual and 

strategic implications of the overall bibliometric findings. To clarify the thematic structure derived from the 

keyword co-occurrence network shown in Figure 11, the main conceptual clusters and their dominant 

keywords are summarized in Table 4. This table provides a concise interpretation of each cluster, 

highlighting the core research themes and conceptual directions that characterize artificial intelligence 

applications in geospatial and geographic intelligence. 

 

 

4. CONCLUSION 

This study provides a comprehensive bibliometric overview of artificial intelligence applications in 

geospatial and geographic intelligence using Scopus data and science mapping techniques. The results reveal 

a rapid growth in publications after 2020, dominated by contributions from countries with strong research 

infrastructures such as the United States, China, and United Kingdom. Core intellectual clusters are formed 

around remote sensing, spatial prediction, smart cities, disaster management, and responsible GeoAI. 

Citation, co-citation, bibliographic coupling, and keyword co-occurrence analyses collectively illustrate the 

intellectual structure, thematic evolution, and collaboration patterns within the field. Despite these 

contributions, this study is limited by the use of single bibliographic database and reliance on metadata-based 

analysis. Future research may expand the dataset by incorporating additional databases and applying  

content-based or longitudinal analyses to capture deeper thematic evolution and methodological advances in 

artificial intelligence-driven geospatial research. 
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