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Abstract: Foreign direct investment (FDI) by transnational companies (TNCs) is the primary indi-
cator of urban globalization. The initial publication on the topic of remote sensing and geographic
information system-based urban globalization research was published in 1981. However, the number
of publications on this topic remains relatively limited. Despite some advances in the field in recent
decades, there is currently no comprehensive review of related research, and it is not clear how the
different perspectives and views have been developed. Furthermore, previous literature reviews on
the utilization of remote sensing and GIS technology in urban development have predominantly
employed quantitative methodologies, which has resulted in a paucity of qualitative analysis. In
order to address these shortcomings, this paper employs a mixed-methods approach, integrating
quantitative and qualitative analyses. This entails the utilization of a combination of the scientometric
method and a qualitative literature review method. The findings are as follows: (1) The number
of publications is still relatively limited, and research in this area is still in its infancy. (2) Some
of the articles are evidently interdisciplinary in nature. (3) Progress has been made in terms of
geographic visualization of FDI, macro-environmental research at different scales, global value chains,
the micro-geography of TNCs, and globalization of the geo-information industry. (4) The spatial and
temporal development pattern, location, and accessibility of FDI have constituted a significant area
of research interest in the past. Similarly, the relationships between FDI and regional development,
urban growth, land use, and environmental change have emerged as prominent research directions.
China’s Belt and Road Initiative is an emerging popular topic. (5) In recent years, there has been a
notable increase in the number of papers employing multi-source data and multi-method approaches.
(6) The extent of research collaborations between countries is relatively limited, with the majority of
such collaborations occurring within the past five years. Finally, based on these research findings,
this paper suggests future research directions.

Keywords: remote sensing; geographical information systems; foreign direct investment; transnational
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1. Introduction

The impact of globalization on urban and economic development is becoming in-
creasingly pronounced. A substantial body of research has been conducted on the impact
of globalization on cities, with particular focus on the concepts of the global city, the
world city, and global city-region studies [1-3]. Foreign direct investment (FDI) from
transnational corporations (TNCs) represents the most significant manifestation of urban
globalization [4,5]. It is therefore evident that FDI and TNCs represent important research
topics in the context of contemporary globalization. In this paper, foreign direct invest-
ment refers to cross-border investment from a company in its home country to another
country [4,5]. This encompasses two distinct connotations: a company in its home country
purchases a controlling interest in another company in the host country, or establishes a
subsidiary or branch in the host country. FDI represents the most significant manifestation
of urban globalization. Urban globalization is mainly driven by FDI and TNCs. Since the
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21st century, scholars have engaged in a thorough examination of the process by which
TNCs reshape the global production landscape and their locally generated interactions
from a relational perspective [5,6]. The process of globalization, as evidenced by FDI and
TNCs, has significantly altered the use and development of urban land.

Since the inaugural launch of a land remote sensing satellite in the early 1970s, the
wider global diffusion of remote sensing expertise and the increasing global transparency
of remote sensing knowledge have led to exponential growth in the application of satellite
imagery data in scientific institutions, government agencies, non-governmental organiza-
tions (NGOs), private companies, and public sectors [7]. Remote sensing has witnessed a
remarkable pace of technological advancement, accompanied by a notable trend of multi-
national collaboration in satellite launch. According to the satellite database of the Union
of Concerned Scientists (UCS)l, there were 7560 satellites in orbit as of 1 May 2023. The
main purposes of satellite launches are communication, Earth observation, and technology
development, accounting for 73.07%, 16.65%, and 4.95% of all launches, respectively. Other
purposes include navigation/global positioning, space science, technology demonstration,
Earth science, surveillance, space observation, meteorological, Earth/space observation,
mission extension technology, educational aims, and platform and satellite positioning.
Regarding the country of the operator or owner, 75 countries and regions in the world have
their own satellites. It is noteworthy that the earliest involvement of a TNC in a satellite
launch was in 1992 for the purpose of conducting space science research. As of 1 May 2023,
105 satellites have been launched with multinational cooperation, representing 1.39% of
the total. The global reach of satellite information technologies acts as a primary catalyst
for facilitating the flow of data and information across national boundaries [7].

As previously stated in the paper “Remote Sensing in Development”, published in
Nature in 1981, remote sensing is a valuable resource in itself [8]. This powerful resource,
which can be utilized as a new source of analytical data and a new medium for multina-
tional organizations and academic researchers to access satellite imagery, has the potential
to draw more attention to international issues [7]. In scientific research, remote sensing tech-
nology is employed in numerous disciplines, including geography, ecology, environmental
science, and others. In other words, globalization has contributed to the advancement
and improvement of remote sensing technology, which in turn has further contributed to
globalization. Remote sensing technology and geographic information systems (GIS) have
been widely applied as analytical tools for the investigation of urban globalization, particu-
larly in the context of spatial analysis and map visualization. Nevertheless, research on
the impact of remote sensing technology and GIS on urban globalization, particularly with
regard to FDI and TNCs, is still in its early stages. Only a limited number of publications
have addressed this topic, and no review paper has yet been published.

A literature review is a fundamental research method employed to identify pertinent
topics or issues for investigation [9,10]. It serves as the foundation for academic research
activities, providing a basis for new research that is anchored in existing knowledge and
linked to previous findings [10]. This method entails the identification and retrieval of
pertinent literature, the analysis of these sources, and the synthesis of the information
in order to develop new insights into the topic [9]. The rationale behind the choice of a
literature review should be clearly articulated by the author. This could be achieved by
discussing the importance of the topic under investigation, explaining the context that
necessitates further exploration, detailing the author’s interest in a specific phenomenon,
highlighting emerging trends and shifts in the field, or showcasing recent research develop-
ments across various fields [9]. Moreover, a lack of recent literature reviews on a dynamic
topic can justify the need for a review [11]. The combination of findings and perspectives
from a number of empirical studies makes the literature review a powerful and increasingly
relevant research method [9].

In this study, first of all, FDI represents the most significant manifestation of urban
globalization. The latter is an important topic that has attracted the attention of a large
number of scholars. Geography is one of the main disciplines in studies with a particular
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focus on FDI and TNCs. Secondly, the geo-information industry has undergone a high
degree of internationalization, with the emergence of multinational corporations with
significant global impact, such as Maxar Technologies, Airbus Defence and Space, and
others. Thirdly, approximately five decades after the launch of the first land remote
sensing satellite, satellite information technology has emerged as a significant catalyst for
transnational information flow and transnational scientific cooperation. This is evidenced
by the global dissemination of GIS technology and the increased transparency of satellite
remote sensing data. In light of these developments, some progress has been made in the
studies on remote sensing technology and GIS in relation to FDI and TNCs. This scientific
field has received attention from scholars, yet no comprehensive review of related research
has yet been undertaken. The disparate perspectives and views that have been developed
remain unclear. A comprehensive and rigorous literature review forms the foundation and
inspiration for substantial and impactful research, aiming to expand knowledge on the
topic beyond what is presented in the original literature [11-13]. Hence, the objective of
this paper is to provide a comprehensive overview of the research on the application of
remote sensing and GIS to FDIL.

The most challenging aspect of conducting literature reviews is not merely searching
for and summarizing past research; it involves developing theoretical directions for future
studies [12]. Previous literature reviews on the application of remote sensing and GIS tech-
nologies in urban development have been predominantly quantitative, often employing
scientometric analytic software. This is exemplified by reviews of GIS-based urban model-
ing, as evidenced by the work of Sui (1998) [14]. However, these reviews frequently fail to
acknowledge the contributions of studies based on qualitative methods. The overreliance
on quantitative data and apparent technical sophistication can mislead researchers into
assuming that they possess a comprehensive understanding of a subject, while overlooking
the fact that not all aspects of a phenomenon can be quantified [15]. For many years,
traditional qualitative methods have been extensively used in social science to synthesize
the literature [10,13,15]. The continued relevance of qualitative analysis techniques for
literature reviews is justified by their continued utility in identifying existing patterns
and gaps in research [15]. Narrative literature reviews do not rely on quantitative data to
support statistical analysis; instead, they creatively synthesize research findings to focus
on core issues rather than merely reporting previous findings [15]. The use of multiple
approaches can facilitate a more comprehensive understanding.

In light of the aforementioned considerations, this paper presents a review that em-
ploys a combination of quantitative and qualitative analysis, representing a novel review
approach to the subject matter. The method combines the scientometric approach with the
traditional literature research method to conduct a systematic review of previous literature.
Furthermore, this paper represents the inaugural review of research on the application of
remote sensing and GIS to FDI. The objective of this study is twofold: firstly, to provide
a comprehensive analysis of existing research trends and, secondly, to suggest potential
avenues for future research.

The remainder of this paper is organized as follows. Section 2 outlines the research
methods and literature sources employed in this study, as well as the data screening and
processing procedures. Section 3 demonstrates the subject categories, subject evolution
process, and publication trends. Section 4 presents a systematic review of the literature,
employing both quantitative and qualitative analysis. Section 5 comprises the conclusions
and suggests directions for future research.

2. Research Methods and Data
2.1. Research Methods

This paper presents a review of previous studies, combining quantitative and qualita-
tive analysis. The bibliometric method is primarily employed as a quantitative analysis tool,
with the objective of elucidating scientific knowledge. The utilization of the scientometric
analytical software CiteSpace’ enables the exploration of specialty dynamics through the
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mapping of scientific knowledge within a given field over a specified temporal period.
This is achieved through the identification of the nature of research frontiers, the detection
of emerging trends and transient patterns in scientific literature, and the visualization of
these trends and patterns [16,17]. Table 1 delineates the steps involved in the quantitative
analysis conducted with the CiteSpace software (Version 6.3.1).

Table 1. The procedure steps of quantitative analysis by CiteSpace.

Step Description Details
1 Topic identification Identify a knowledge domain using the broadest possible terms
2 Data collection Collect data of commonly used sources of scientific literature
3 Terms extract Extract research front terms
4 Time slicing Build time series models over time
5 Outcome layout Analyze domains and generate visualizations

Source: summary from [16,17].

Qualitative analysis techniques, as methods for a literature review, are employed
primarily in sociological research to synthesize and analyze relevant literature [10,13]. A
literature review is a qualitative methodology for conducting research, which involves
the systematic analysis, description, and critique of relevant research findings from books,
journal articles, dissertations, and other related sources, so as to link research to the existing
knowledge and establish the building block of academic research activities, thereby laying
the foundation for further academic knowledge development [10,18]. A literature review
facilitates the identification of research areas across multiple disciplines and integrates
research findings to develop new or more comprehensive understanding of a topic [9,10].
It is a crucial aspect of developing theoretical and conceptual frameworks. The qualitative
analysis of the literature in this study is comprised of five distinct steps:

(1) The collection of publications according to specific topics;

(2) The selection of relevant journal articles and dissertations;

(3) The documentation of these materials in a coherent structure;
(4) The study and analysis of these materials;

(5) The summary of the findings.

2.2. Data Sources and Screening

In order to enhance the representativeness and accessibility of the data, the data for
the quantitative analysis were obtained via the Web of Science (WOS) literature search
website. The WOS Core Collection database was the primary focus, with data extracted for
the period concluding in 2023. The data were then excluded based on the following criteria:
The search statement employed for the literature search was as follows: TS = foreign
direct investment (TS = topic search), TS = “transnational company”, TS = “multinational
investment”, TS = multinational company and TS = GIS, or TS = remote sensing. Secondly,
in order to refine the search results, the WOS categories were filtered to include only journal
articles. Furthermore, only articles written in English were included in the analysis.

The initial search yielded a total of 53 publications. Upon examination of the titles
and abstracts of the papers, it was discovered that the term “GIS” was associated with five
terms that were irrelevant to the topic of this research: management information systems
(GIS), geographical indications (GIs), green innovations (Gls), greenfield investments (GlIs),
and green investment scheme (GIS). The initial corpus of papers was then subjected to a
manual review, with those deemed to have limited relevance to the topic of this study being
excluded. The screening process was further refined to yield 35 papers published between
2003 and 2023, which were used as the basis for the quantitative analysis of this study.
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The qualitative analysis of literature allows for a more comprehensive examination
than is possible with quantitative analysis, due to the manual reading process, which is
not constrained by software limitations. In addition to the 35 papers based on quantitative
analysis, a search was conducted on Google Scholar and the Chinese journal search platform
CKNI to expand the range of literature sources. The articles retrieved encompass a diverse
range of publications, including journal articles, dissertations, and conference papers.
The search methodology employed for the search was as follows: the research topic was
identified as the search term, and the search was conducted manually, followed by an
extended reading of the retrieved papers. This yielded a total of 103 papers as the source of
literature for the qualitative analysis.

2.3. Data Processing

The data obtained from the quantitative analysis of literature encompass a range of
information, including the paper title, author, journal source, publication time, keywords,
abstract, cited references, and other full WOS records. In order to conduct a systematic
review of the literature, this paper initially applied CiteSpace’s data processing utilities to
the WOS record with the objective of removing duplicates. No instances of repetition were
identified. The objective of scientific mapping using CiteSpace is to facilitate the exploration
of the science knowledge domain, scientific evolution, research frontiers, and author
collaboration [17]. Subsequently, visual analytic techniques of CiteSpace were employed
for the visualization of co-word analysis, citation analysis, co-citation analysis, and author
collaboration network analysis [17]. Finally, the time-slicing technique was employed
to model the time series network of the aforementioned analyses, thereby indicating the
research trends of relevant scientific knowledge. In general, the quantitative research
method is used to synthesize and analyze the subject categories, intellectual structure,
popular research topics, current status, and scientific research network among countries
and institutes of the relevant literature.

3. Subject Categories and Publication Trends
3.1. Subject Evolution

The major clusters were highlighted to facilitate an examination of the disciplinary
composition of the subject areas and source journals (see Figure 1). The publications were
primarily concentrated in the fields of environmental studies, transportation, environmental
sciences geography, physical geography, biodiversity conservation, computer science and
information systems, and green and sustainable science and technology. The relative
importance of nodes was elucidated in terms of citation-based metrics, such as citation
counts. The articles were published mainly in the following journals: Sustainability, Journal
of Cleaner Production, Land, Applied Geography, Environment and Planning B-Planning &
Design, Journal of Environmental Management, Journal of Geographical Sciences, and Remote
Sensing. It is noteworthy that the interdisciplinary clustering result for multidisciplinary
sciences indicates that a number of the articles are clearly interdisciplinary in nature.
Firstly, the research directions were interdisciplinary, with notable examples including
the integration of industrial and economic research with urbanization and urban land
research. Secondly, the research contents were interdisciplinary, encompassing a diverse
range of topics, including global supply chains, land use change, and environmental
development. Thirdly, the research methodologies were interdisciplinary, encompassing
the comprehensive application of remote sensing and GIS methodologies, as well as social
science methodologies.
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Figure 1. The clusters and evolution of subjects. Source: Mapping scientometric analytic software
CiteSpace.

3.2. Trends in the Number and Cited Times of Published Papers

Figure 2 displays the number of base publications and citation footprints in this
scientific literature. The number of publications can be divided into three distinct phases of
development. In the initial phase, spanning from 2003 to 2015, the research field attracted
only limited attention from scholars, with the number of publications per year remaining
relatively low. On average, no more than one paper was published per year, representing
22.86% of the total. This period is characterized as the initial introduction of remote sensing
and GIS technology to the related research fields, such as the application of geographical
information systems to TNCs [19,20].
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Figure 2. Annual distribution of publications and citation footprint. Source: Data from WOS platform.

It is only since 2016 that this field has attracted greater attention from scholars. From
2016 to 2018, as the second phase, the number of publications increased gradually, ac-
counting for 14.28% of the total. This period is characterized by an expansion of the
research scope, which considers the role of remote sensing and GIS in understanding the
impact of globalization on urban expansion and spatial distribution, as well as industrial
agglomeration and effects [21,22].

Since 2019, the number of publications has accounted for 62.86% of the total, indicating
a period of rapid development. The research conducted during this phase is more expan-
sive in scope, encompassing studies at various levels of analysis, including global, national,
regional, and city scales. The topics under discussion encompass a range of themes, includ-
ing the internationalization of companies, urban globalization, global urban agglomeration,
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global city-regions, global supply chain, transnational land acquisition, and transnational
scientific and technological cooperation. Although some progress has been made and this
field of study has attracted greater attention from scholars, it remains relatively small in
terms of the number of publications and the lack of comprehensive research.

The number of citations of publications serves to illustrate the significance and the
extent of the articles” influence. The total number of citations of publications was 1231 from
the year 2003 to 2023, with an average of 61.55 citations per year. There was a gradual
increase in citations spanning from 2004 to 2012. The time period from 2012 to 2017 was
marked by a fluctuating pattern, with a slight decline in citations of publications followed
by a gradual recovery. From 2018 to 2020, there was a reversal from the previous decline.
After 2020, there was an acceleration in the number of times articles were cited. The article
that was cited most frequently was published in 2003, with a total of 336 citations. The
second most cited article was published in 2010, with a total of 121 citations. The third
most frequently cited article was published in 2017 and was cited a total of 111 times.

4. The Intellectual Structure
4.1. Quantitative Analysis

Chen (2006) [16] proposed a comprehensive representation of the dynamics of a
specialty through the use of heterogeneous networks of terms and articles. Furthermore,
the informative cluster labels indicate the research front terms [16]. Consequently, the
quantitative analysis in this paper employs CiteSpace’s function of co-occurring analysis,
co-citation cluster networks, and citation bursts.

First of all, the co-occurrence of terms indicates research front terms, and is defined as
the occurrence of two or more keywords in multiple manuscripts within a statistical time
period, in order to reveal the more frequently appearing keywords in the research field, as
well as the correlation between these high-frequency keywords [17,23]. By analyzing the
co-occurrence of keywords, popular research topics can be identified. The size of the node
is indicative of the occurrence frequency of the keyword, which also indicates the extent of
academic attention this keyword has received. In addition to the most frequently occur-
ring keyword, “FDI”, other high-frequency keywords include “country”, “deforestation”,

V7] i a7

“economy”, “expansion”, “growth”, “influencing factors”, “land use change”, “regional
development”, “transition”, and “urban growth”.

Subsequently, the popular research topics are identified through the use of a co-citation
cluster. The keyword co-citation cluster network is presented in Figure 3 in the form of a
landscape view. Each cluster comprises a group of words that are closely related to one
another, thereby illustrating the degree of relationship between these words and the subject
matter they form. Figure 3 lists the nine major co-citation clusters identified by CiteSpace,
namely: 0# multi-source data, 1# urban growth, 2# geographically weighted regression,
3# evolution pattern, 4# upper east region, 5# energy consumption, 6# accessibility, 7#
Tanintharyi, 8# decoupling mode, and 9# land use change. The smaller the number, the
more keyword members are included in the cluster, which is more representative than a
cluster with a larger number [24].

The clusters 0# multi-source data, 2# geographically weighted regression, and 8#
decoupling model are closely related to the data sources and methodologies employed. The
clusters 1# urban growth, 5# energy consumption, and 9# land use change comprise studies
that engage in the impact of FDI on urban development, urban spatial expansion, and
the environment. Cluster 3#, which concerns the evolution pattern of FDI, and cluster 6#,
which is related to the studies of spatial pattern and accessibility of FDI, include research
on spatiotemporal evolution, accessibility indicators, and network routines.
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Figure 3. The landscape view of the keyword co-citation cluster network. Source: Mapping sciento-
metric analytic software CiteSpace. Note: Modularity Q = 0.7031, clustering structure is significant;
Weighted mean silhouette S = 0.8696, clustering result is convincing.

In traditional co-citation analysis, the focus is on homogeneous networks of co-cited
papers. However, newly published articles are often underrepresented due to the fact that
they may not have accumulated sufficient citations [16]. Burst-detection algorithms in
CiteSpace are capable of identifying surging topical terms and detecting emerging trends
and abrupt changes [16,17]. Figure 4 depicts the 10 keywords with the strongest citation
bursts, with red lines representing time durations in which the size of bursts changed
significantly, that is, sudden, rapid increases in citation counts. Blue denotes citation
durations. The time intervals can be classified into four distinct stages. Previous studies
by scholars in the initial stage concentrated on the keyword “patterns”. The second stage
is concerned with “transition”, “regional development”, “association”, “growth”, and
“location”. The third stage is distinguished by the emergence of urban growth and cellular
automata. The fourth stage encompasses citation bursts of the keywords “country” and
“energy consumption”. This is closely related to notable global concerns about energy
consumption, the further deepening or disintegration of globalization, and China’s Belt
and Road Initiative.

The top 15 references with the strongest citation bursts are illustrated in Figure 5. Prior
to 2005, two papers stand out as being particularly noteworthy. The first one was published
in 2002, pertained to the swift economic growth of China’s Pearl River Delta during the
late 1970s and early 1980s. Seto et al. (2000) [25] noted that the factors contributing to such
rapid development were governmental directives that led to extensive land conversion.
The second one was the inaugural study that utilized high-resolution satellite imagery to
quantify the discrepancy between agricultural land sensing images and official statistics in
China [26]. From 2015 to 2017, the strongest citation burst was due to a book by Dicken
in 2015. From 2018 to 2020, two studies emphasized the potential of night-time light
data: one study used night-time light images to model a country’s population density,

V77 ”oou
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while the other used night-time light signals to study the spatiotemporal characteristics
of urbanization dynamics in a cross-border region [27,28]. The strongest citation bursts
starting from 2018 were, on the one hand, concerning studies on Chinese outward FDI
activities responding to China’s Belt and Road Initiative and investment risks in these
destination countries receiving high levels of citations [29-35]; on the other hand, the social
and environmental resources that are influenced by transnational investments were also of
concern to scholars [36,37].

Keywords Year Strength Begin End 2003 - 2023

patterns 2003 1.18 2005 2008 —

transition 2008 1.57 2008 2014 ——

regional development 2008 1.21 2008 2000 —

association 2008 1.15 2008 2011 —

growth 2008 1.13 2008 2010

location 2010 1.28 2010 2011 —

urban growth 2014 1.41 2014 2017 —

cellular automata 2016 1.04 2016 2017

energy consumption 2020 1.14 2020 2023 —

country 2021 1.16 2021 2023 —

Figure 4. Top 10 keywords with strongest citation bursts. Source: Mapping scientometric analytic
software CiteSpace. Note: The red color in the image indicates a significant citation burst.
Top 15 References with the Strongest Citation Bursts
References Year Strength Begin End 2003 - 2023

Seto KC, 2002, INT J REMOTE SENS, V23, P1985, DOI 10.1080/01431160110075532 2002 1.13 2003 2005
Seto KC, 2000, NATURE, V406, P121, DOI 10.1038/35018267 2000 1.13 2003 2005
Dicken P, 2015, GLOBAL SHIFT: MAPPING THE CHANGING CONTOURS OF THE WORLD ECONOMY, V0, P0 2015 1.05 2015 2017 I
Tan MH, 2018, APPL GEOGR, V90, P239, DOI 10.1016/j.apgeog.2017.12.012 2018 1.09 2018 2020 p—
Zhao M, 2018, REMOTE SENS-BASEL, V10, P0, DOI 10.3390/rs10010047 2018 1.09 2018 2020 S
Du JL, 2018, CHINA ECON REV, V47, P189, DOI 10.1016/j.chieco.2017.05.010 2018 1.53 2021 2023 s A—
Liu HY, 2017, EMERG MARK FINANC TR, V53, P1374, DOI 10.1080/1540496X.2017.1295843 2017 1.01 2021 2023 pos—
Hashemizadeh A, 2021, ENERGY, V214, PO, DOI 10.1016/j.energy.2020.118923 2021 1.01 2021 2023 —
Hussain J, 2020, SCI TOTAL ENVIRON, V723, P0, DOI 10.1016/.scitotenv.2020.137981 2020 1.01 2021 2023 e
DellAngelo J, 2017, WORLD DEV, V92, P1, DOI 10.1016/j.worlddev.2016.11.005 2017 1.01 2021 2023 R
DOdorico P, 2017, LAND DEGRAD DEV, V28, P2234, DOI 10.1002/1dr.2750 2017 1.01 2021 2023 —
Yuan JH, 2019, ENERGY, V176, P623, DOI 10.1016/j.cnergy.2019.04.038 2019 101 2021 2023 =ae
Huang YY, 2019, J CLEAN PROD, V211, P14, DOI 10.1016/j.jclepro.2018.11.093 2019 1.01 2021 2023 " o—
Davis KF, 2020, NAT GEOSCL V13, P482, DOI 10.1038/541561-020-0592-3 20200 101 2021 2023 T
Duan F, 2018, J CLEAN PROD, V170, P535, DOI 10.1016/.jclepro.2017.09.152 2018 1.01 2021 2023

Figure 5. Top 15 references with the strongest citation bursts [5,25-38]. Source: Mapping scientometric
analytic software CiteSpace. Note: The red color in the image indicates a significant citation burst.

It is possible to ascertain the major countries and research institutions that have had a
significant impact on the study field, as well as the cooperative relationships among them,
by examining the network of cooperation between those nations and institutions [23]. As
illustrated in Figure 6, China and the United States were the most prominent countries in
the network. Although China has a larger node than the United States, the United States
has a longer history and an earlier start to international cooperation. China has exhibited a
more pronounced increase in its level of international cooperation over the past five years.
The remaining countries have demonstrated a comparatively limited degree of cross-border
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cooperation, with each accounting for less than 10% of the total. In general, the extent of
research cooperation between countries is relatively limited.
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\_ J SWITZERLAND
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Figure 6. Map of the cooperation networks among countries and regions. Source: mapping sciento-
metric analytic software CiteSpace.

Figure 7 illustrates the institutional cooperation networks. The connecting line between
the nodes represents the cooperative relationship between the institutions. The greater the
width of the connecting line, the stronger the strength of cooperation. The colors of the
nodes in the form of a chronology indicate the times of publications, while the color of the
connecting line represents the time of the first collaboration. It is evident that the majority
of collaborations occurred within the past five years.

Brookhaven National Laboratory nan University

University of Alabama Sy

City University of New York
ity University of New Yo United States Department of Energy

University of Bonn

Karlsruhe Institute of ‘

Martin Luther University
Helmholtz Association Halle Wittenberg

Zhejiang University
University ’
Montclair State University
Utah System o'gher Education

westigaciones Cientificas y Tecnicas

theast University - China
of Alabama Tuscaloosa nzhou Jiaotong University
siaxindlorsity ‘uaiyin Normal University

Korea Univers.
-

East West Center
University of .ian University

L ity of Wit in Madison
~

Instituto Nacional de Tecno
2018  yriversidad de Acala

Complutense University of Madrid

\ y

2016 \ /
Universidad de Las Palmas de Gran Canaria
University of London Unwersityof
2014 Nanyang Technological University

ng Hua University

) University System of Ohio
Unive llege London Aall University University
Ohio State University Clemson University

iversity of British
Columbia

Southern Marine Science & Engineering
jangxi University of
National Institute of 0xi University Al r‘“n'.‘bomow

RAND C ation
x Education (NIE) Smgapore‘: inance & Economics Universi
George waSMBton University Technology & Engineering ooy U7 Ve University

Center Iwace Utilization Polytechnic Universi
Xi'an Jiaotong-Liverpool Nanjing Institute

niversity of Vermont

Vrije Universiteit Amsterdam

Zhejiang Universi .
Universing Ceooraph ﬁ—y-'"""’w The Institute of ¢ Fine.:n on ozi Southern Marine Science & _ University o
ote Sensing & jineering Guangdong ~ California Berkel University of California System
Sochava '“5""' Geography. Digital Earth A boratory(Zhuhai)
. . eij ing Uni National University of Singapore
i ’ C East China Normal J ing University g 9
UniversiSgBY Munich » University ‘Hunamaniversity of Science niversity of Michigan
“ 4—A of sity _ - _ Technology
Irkutsk Science Centre 4 S 3 5:3"9"3'8(”2-?1 of ng University N
Russian Academy of Sciences ek 5 ARance & EcoTomics)
Y Institute ographic. A . njing University Ha of Hawaii Manoa
fien 5 jversity of Chinese
demy of Sciences Nisladdaiversi
i jalagdgiversity
Russian Academy of Sv:i‘ Resou esearch s"“':,?r:g‘ ‘

, Fujian AGftulture & roshima University
Forestry Universi il uniy University of Michigan System
Shanxi Normal University 44 =d hongging University MGl U sity) Y Sl
University of International
Business & Economics

Figure 7. Map of the cooperation networks among institutions. Source: mapping scientometric
analytic software CiteSpace.
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4.2. Qualitative Analysis

Torraco (2016) [11] highlighted that while the entire literature is reviewed, only se-
lected pieces are thoroughly discussed, and these selected pieces may be representative,
controversial, central, or pivotal. The literature can be examined qualitatively in different
ways. One approach is to read each piece in its entirety, or to focus on specific elements,
such as methods and findings, in order to summarize, analyze, evaluate, and synthesize the
documents [9,11,13]. In this paper, the method of theme analysis is applied in accordance
with the suggestion set forth by Onwuegbuzie et al. (2012) [13]. Theme analysis entails
identifying themes to explore relationships among domains. Each theme, extracted from
the theme analysis, serves as the basis for a section, with its label acting as the designation
for each subsection. The qualitative analysis section of this paper is structured into six
themes, each comprising one subsection.

The initial subsection introduces the GIS-based studies of FDI at various macro scales,
including at the national, regional, and urban levels. As a research and planning tool, GIS
has been employed by environmental scientists, planners, and resource managers in macro-
environmental studies [19]. To illustrate, the role of FDI and other related human activities
played in the ecological environment, particularly land use, is a case in point. The second
subsection addresses how remote sensing and GIS have been employed in business-related
applications, including the mapping of industrial supply chains and the optimization of
product delivery. The utilization of remote sensing technology by scholars encompasses
the investigation of a range of sectors, including agriculture, mining, manufacturing,
and services. These studies pertain to the domains of agricultural management, mineral
resources, and the spatial patterns of production. The third subsection presents an analysis
of literature related to global value chains, with two case studies of the application of
remote sensing technology in the rubber value chain. The fourth subsection illustrates the
application of remote sensing and GIS technologies in micro-geography, with a particular
emphasis on the spatial distribution, site selection, and organizational strategies of TNCs.
This subsection examines the relationship between the organizational structure of TNCs
and the spatial environment. The application of remote sensing and GIS technologies
has proved instrumental in the decision-making processes of entrepreneurs. The theme
of the fifth subsection addresses the commercialization and internationalization of the
geo-information industry. This industry is highly globalized and plays an important role
in national defense and transnational scientific collaboration. Finally, the last subsection
examines how scholars are developing a more comprehensive understanding of FDI by
integrating remote sensing data with a range of other data sources and methods.

4.2.1. Macro-Environmental Research at National, Regional, and City Scales

Satellite imagery activists are rapidly emerging as a critical source of understanding
for a wide range of human challenges, human—environment interactions, humanitarian
relief efforts, and catastrophic events due to the rapid advances in remote sensing and GIS
technology [7,39].

Firstly, the impact of FDI on the macro-environment is to be examined. Scholars
have mainly utilized satellite remote sensing data, which have a large spatial coverage
and a longer temporal period. Tong et al. (2021) [40] discussed the transition effects
of FDI on the ecological environment and found that the influence of FDI may exhibit
two contradictory effects: at the stage of a lower economic level, the effect of FDI on
the ecological environment was negative, namely, the pollution haven effect; when the
economic level exceeded a certain threshold, FDI began to exhibit the positive pollution
halo effect. Wei et al. (2023) [41] demonstrated that FDI on carbon emissions can be
utilized to respond to global climate change and achieve carbon emission reduction. Their
findings suggest that FDI has a considerable positive impact on carbon emissions, which
can be attributed to scale effects, technology spillovers, and industrial specialization, thus
supporting the “pollution haven hypothesis”. However, it is essential to acknowledge that
this positive effect will gradually diminish over time. The study by Zou et al. (2019) [42]
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revealed that a higher degree of openness and FDI can widen the regional gap in energy
efficiency within a region. In addition, government departments and non-governmental
environmental organizations employ satellite remote sensing to detect environmental
developments, with the objective of monitoring global ecological trends and the impact of
human activities on the surrounding ecosystems [7]. Examples of data that can be collected
include monitoring global forest growth and forest degradation trends, as well as the
ecological damage caused by fires on surrounding ecosystems.

Secondly, remote sensing satellites offer a significant advantage, as they provide
repeated and consistent observations over a large geographic area, thereby revealing
explicit patterns of land cover and land use [43]. Studies on the role of FDI in national,
regional, and urban land use and evolution have started from the classification of land
use types and the revelation of urban functions by using single remote sensing data in the
early days, to gradually integrating and applying multivariate data in the last decade [44].
Remote sensing imagery technology has proven to be a valuable tool for identifying
urban functional zones and spatial patterns of land use, thereby supporting urban system
management and urban planning [45,46]. The utilization of GIS and spatial data analysis
offers a unique opportunity to delve deeply into the intricate spatial nuances of regional
development, as highlighted by Yu and Wei (2008) [47]. Cao et al. (2019) [48] observed
spatiotemporal patterns of urban land use change in the cities of the transnational region
based on land use maps from Landsat satellite products, so as to deal with the attitudes of
government policy towards FDI urban land use change.

Thirdly, the urban functional area serves as a fundamental unit of analysis within the
context of urban geography. In order to identify the spatial structure and functional features
of an urban functional area, relevant studies employ remote sensing data. The utilization
of high-spatial-resolution optical images, such as street view imagery, enables researchers
to capture the physical characteristics of a city [45,49,50]. Moreover, as important signals of
human activities, the high-spatial-resolution night-time light images offer valuable insights
into the understanding of urban landscapes [50].

4.2.2. Global Industrial Development and Layout

Scholars employ remote sensing technology to investigate the global configuration and
information management system of industries such as agriculture, mining, manufacturing,
and services. A multitude of applications of remote sensing can be found in the studies of
the primary industry, including agricultural security, agricultural management information-
ization, agricultural layout, and remote control management. In the early stages of research,
the potential applications of remote sensing in agriculture were explored, including the use
of crop statistics, soil mapping, and land use potential mapping [8]. Since the early 2000s,
foreign investors have been acquiring large tracts of land around the world [51]. Miiller
et al. (2021) [51] used a multi-method approach, integrating agricultural data, remote
sensing data, household survey data, and geo-referenced information on land deals to
examine the impact of transnational investment on local food security in terms of food
production and access. The findings of their studies suggest a paradoxical effect: while
land deals narrow the global yield gap by increasing crop yields, they also threaten local
food security by diverting key dietary nutrients to export markets.

Most studies in remote sensing combined with geophysical measurements have fo-
cused on the relationship between FDI in developed countries and the abundant resources
of less developed countries. For instance, some TNCs from developed countries possess
advanced satellite processing technology, and employ Landsat data and geophysical mea-
surements to identify and analyze the surface features of mineral resources [8]. These large
TNCs then use this information to discover mineral resources such as oil in other countries,
but the negotiations between these TNCs and mineral-rich Third World countries have
historically been challenging [8].

The production, sales, and distribution of the manufacturing industry exhibit unique
characteristics of a spatial pattern. Remote sensing and GIS approaches offer significant
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potential for analyzing a range of topics, such as global raw material sourcing, site selection
of production space, route optimization for freight transport, and location choice for
product distribution [19,39]. By integrating point-of-interest (POI) data of manufacturing
enterprises with high-resolution remote sensing imagery at different scales—whole region
level, city level, and county level—scholars have achieved higher precision and continuity
in the manufacturing production space [39,52]. They analyzed the space of physical entities
of the manufacturing production space in China’s global city-region and concluded that
the evolutionary characteristics of China’s manufacturing production space are distinct
from those in the West [39,52].

In their study on the application of remote sensing technology in the service industry,
Zhang et al. (2023) [53] analyzed the matching relationship between urban service industry
land expansion and economic growth in China, by the means of GIS cluster analysis and
spatial autocorrelation analysis to examine the phenomenon from the perspectives of the
service industry, urban economy, and government revenue.

4.2.3. Research on Global Value Chains

The application of remote sensing technologies in global value chains is exemplified
by the global rubber supply chain. Against the backdrop of increasing global demand
for natural rubber, scholars have employed satellite remote sensing to identify and map
the expansion of large-scale rubber plantations in southern Laos [22]. This has led to the
discovery of the large-scale development and expansion of rubber plantations in Laos.
Subsequently, an interdisciplinary sociological approach was adopted, linking the political
economy of development, collaborative research with civil society groups, rubber ecology,
and remote sensing methods and data [22]. Remote sensing has been used to track the
supply chains of natural rubber from Sri Lanka to the United States, and the analysis reveals
that rubber traders and multinational tire manufacturers are significant actors that impede
the tracing of rubber back to the plantations [54]. Additionally, the North American Free
Trade Agreement Association has employed GIS to model the movement of trade across
North America [19].

4.2.4. Micro-Information Geography of TNCs

Remote sensing and GIS technologies have the ability to visualize map-based presen-
tations and cope with spatial analysis functions, and GIS also has the ability to integrate
with other systems while maintaining data integrity. This ability has led to their study
and application in the area of TNCs’ spatial distribution, site selection, and business
strategy [19,20,55,56]. Entrepreneurs are more adept at making business decisions that
improve efficiency, quality, and productivity, and at identifying potential markets faster
than their counterparts by exploiting the spatial overlap between different demographic
groups [19]. Furthermore, Berntsson-Svensson et al. (2009) [19] showed how the geographi-
cally dispersed components of the organization work together to achieve practical business
objectives. Another study was conducted from a global-local interaction perspective to
identify spatial evolution of transnational technology transfer over the past 15 years [57].

4.2.5. Internationalization and Commercialization of Geo-Information Industry

In recent years, the geo-information industry has experienced rapid growth and
become a new focus of international competition. This has attracted the attention of
countries and large TNCs, which are now engaged in the competitive process [58,59]. The
geo-information industry is distinguished by a high degree of internationalization and
globalization. The geo-information industry is a comprehensive sector that encompasses all
activities related to the production, development, and provision of geospatial information
resources through the use of space information technology [58]. The geo-information
industry plays a pivotal role in national defense, global technology commercialization,
and transnational scientific research and cooperation. For example, Auque (2000) [60]
observed that the European space industry has undergone significant changes, including a
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shift in growth patterns, the introduction of new commercial services, a focus on customer
satisfaction, and restructuring. These changes can be attributed to several factors, including
the evolution of the market for space applications, the actions of the industry itself, and the
industry’s response to the consolidation of its US competitors.

In addition to the intensifying rivalry between regional geo-information industries,
the emergence of numerous actors and global value chains has prompted agencies to
prioritize enhancing global competitiveness [59]. This is accompanied by the increasing
commercialization of the industry, with the involvement of multiple actors. Commercial
companies are entering the commercial space sector and becoming involved in outer space
activities, which is disrupting the market structure that has been dominated by government
investments as the commercial space industry has matured [61]. The involvement of
multiple stakeholders in a satellite federation necessitates the establishment of trust between
them, given that the federation is owned and operated by multiple parties [62]. It is beyond
dispute that public space agencies play a pivotal role [59].

Baker and Williamson (2006) [7] proposed that the public’s access to civil and com-
mercial satellite imagery data has expanded significantly, and that non-traditional imagery
activist users have made notable progress in utilizing satellite imagery to advance their
public policy agendas. They provided an illustrative example of the use of satellite imagery
as a novel source of analytical data and a medium to draw greater government and public
attention to international issues. The global activist NGO WRI’s Global Forest Watch has
utilized satellite imagery and geospatial technologies to draw international public attention
to deforestation problems by establishing an international network that connects local forest
organizations interested in monitoring global deforestation; meanwhile, it has conducted
assessments of deforestation trends in several countries in collaboration with governments
and wood products companies [7]. Issues pertaining to the utilization of remote sensing in
the Third World encompass the capacity of developing countries to assimilate advanced
technology, the autonomy in accessing resource information, and the competing foreign
policy interests of the industrialized world in the global search for raw materials [8].

The commercialization of the geo-information industry may also give rise to interna-
tional legal and international liability issues. The dual goal of promoting more inclusive
and challenge-driven growth can aid in clarifying, constructing, and managing publicly
funded global space infrastructures in ways that foster innovative collaborations with
private companies, with the aim of advancing new technologies and services to assist
businesses in remaining competitive in global value chains [59]. Export controls play a
significant role in impeding the spread of commercial satellite technology within the global
economy [63].

As an emerging technology, geospatial technology is closely connected to the Industrial
Revolution 4.0, which is driven by the worldwide trend of interconnecting and interlinking
of industries, making international scientific and technological collaboration more neces-
sary [59,64]. In order to promote technological collaboration, regional training centers in
Upper Volta, Kenya, and Thailand are being funded by developing countries, as well as the
United Nations, the United States, France, and Canada [8]. The use of satellite imagery by
developing countries has raised concerns among Third World nations regarding existing
and proposed changes in Earth observation activities by industrialized countries. These
concerns and issues frequently arise in United Nations forums and in bilateral foreign
assistance projects [8].

4.2.6. Multiple Data and Interdisciplinary Approaches

The utilization of remote sensing data or socioeconomic statistics—including
government-sourced data and company information—is inevitably constrained by their
inherent limitations. On the one hand, the limitations of remote sensing in identifying
socioeconomic characteristics make it difficult to discern the nuanced types of livelihood
challenges, as well as its inability to identify indirect anthropogenic drivers [22,65,66]. On
the other hand, the quality of records and data collected from companies and surveys is
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frequently inconsistent, difficult to access, lacking spatial information on location, and
variable from year to year [22].

The application of multiple data sources and methods can help to overcome the in-
herent limitations of each approach. In recent studies, scholars have employed a range
of research methods, integrated various data sources, and utilized a mixed-method ap-
proach that combines qualitative and quantitative data analyses from the natural and social
sciences [19,65-67]. Remote sensing data are extracted information, and repetitive and
spatially explicit data, in several spectral regions and with temporal frequencies [22]. Qual-
itative research endeavors to investigate and comprehend the context in which social and
cultural phenomena manifest [19]. Social science methods offer valuable insights into social
issues, economic factors, and qualitative aspects that cannot be captured through remotely
sensed images, while interviews, questionnaires, field surveys, and on-site evaluations are
irreplaceable in gaining a comprehensive understanding [22,43,65].

5. Discussions and Conclusions

Remote sensing technology has become a focus of international competition, with coun-
tries and large TNCs engaged in a global race to gain an advantage. The geo-information
industry is distinguished by a considerable degree of internationalization. There has also
been a gradual increase in the number of studies using remote sensing technology and
GIS to analyze FDI. Despite the growing diversity of research on the integration of remote
sensing technology in FDI, this field of study has yet to garner significant attention from
scholars. The number of publications in this area is relatively limited, and research in this
field is still in its infancy. The principal subjects of publications include environmental
sciences, geography, biodiversity conservation, computer science, and information systems.

From the perspective of quantitative analysis, there has been a notable increase in
the number of papers that adopt multiple data sources and mixed analytical methods in
recent years. FDI’s impacts on regional development, urban growth, land use change,
and environmental change have emerged as particularly popular research directions. The
spatiotemporal evolution pattern, location, and accessibility of FDI are topics that have
attracted considerable interest, and China’s Belt and Road Initiative is an emerging topic
of research. In terms of research collaboration between countries, China and the United
States were the most prominent countries in the network. The United States has engaged
in collaborative research with other countries for a longer period of time than China. China
has witnessed a notable surge in collaborative endeavors with other countries over the
past five years, with the number of such collaborations surpassing those of the United
States. In conclusion, the level of international collaboration remains relatively limited and
is still in its infancy. Institutional cooperation networks are distinguished by a high degree
of fragmentation.

In terms of qualitative analysis, previous studies have primarily focused on six themes,
as follows: (1) visualization, which enables the intuitive detection of the Earth’s surface
on a global scale; (2) the macroscopic perspective, which facilitates the analysis of cities,
regions (urban agglomerations), and countries, as well as cross-scale analysis among cities,
regions, and countries; (3) the analysis of global industrial development and the global
value chain of commodities; (4) the analysis of the global distribution of FDI and TNCs
from the perspective of micro-information geography; (5) the internationalization and
commercialization of the geo-information industry, the exploitation and utilization of rele-
vant technology by TNCs, and the facilitation of transnational scientific and technological
cooperation; and (6) the integration of remote sensing and GIS data and approaches with
other data and methods to facilitate and contribute to interdisciplinary research. Overall,
the evolution of GIS technology has been profound, progressing from its origins in tra-
ditional mapping to its current status as a tool for exploring the Earth’s surface. In the
contemporary era, GIS technology has reached a point where individual users can access
real-time global spatial data, enabling them to address geo-relational problems in a timely
and effective manner.
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The application of remote sensing and GIS technology as analytical tools for exploring
the Earth’s surface and for managing spatial information systems in the context of glob-
alization, in conjunction with the advancement of data mining techniques, has become
increasingly prevalent [19]. Naqvi and Naqvi (2021) [64] highlighted the significance of
GIS and its evolution from conventional mapping to the current state of sophisticated real-
time geospatial data analytics. GIS allows users to obtain answers to questions regarding
geographic relationships because it is a system that can model the spatial relationships
between various geographical features and provide spatial analysis tools to manipulate the
underlying geographic data [19]. Geography, through the use of GIS, is elevating science
and society in ways that are final, lasting, and enduring [64].

A review of the recent literature on a topic allows for the evaluation of forthcoming de-
velopments in the field and the identification of factors influencing its future trajectory [12].
Although the use of remote sensing and GIS tools to analyze the urban globalization char-
acterized by FDI and TNCs is becoming increasingly prevalent, the previous studies have
not yet become a major area of research. Building upon the intellectual structure of the
preceding studies, particularly with regard to their critique of recent literature, this paper
puts forth the following questions and suggestions for future research.

First, further analysis is required to examine the long-term relationship between FDI
and the ecological environment at various levels, including the global, national, subnational,
regional, and local levels. This will provide scientific evidence to support global sustainable
development. The impact of FDI and TNCs on the local ecological environment can be
studied through the use of real-time remote sensing monitoring tools. It would be beneficial
to investigate the potential for enhancing the environmental regulation of FDI and TNCs in
cities. Second, it is recommended that scholars utilize GIS technology to analyze, predict,
and simulate future cross-border investment activities with the objective of optimizing the
global industrial layout. Third, future studies could prove beneficial in exploring the role of
TNCs and international NGOs in tracking and detecting global environmental governance
through satellite imagery, so as to provide policy guidance on global issues. It is crucial to
consider the potential challenges associated with the internationalization of remote sensing
technology. Such considerations include the potential for transnational political risks and
transnational legal issues to emerge. Fourth, an analysis of the global industrial chain of the
remote sensing industry could be conducted in order to ascertain its embeddedness in urban
space and its comprehensive impact on local development, including economic, social,
cultural, and political aspects. Fifth, from a micro perspective, the impact of transnational
investment in the remote sensing industry on urban and global governance could be
understood in terms of the global organizing function and bargaining power of TNCs.
This analysis should examine how these TNCs interact with multiple actors, such as
governments and the public, and the ways in which they might more effectively discharge
their social responsibilities. Sixth, the phenomenon of global urbanization encompasses a
multitude of non-quantitative factors pertaining to urban challenges, including cultural
conflicts, social responsibility, political risks, and environmental governance regulations. It
is also necessary to consider how these non-quantitative factors can be better integrated
with the quantifiable indicators of remote sensing technology. This can be achieved by
adopting an interdisciplinary approach to the study of FDI.

Finally, this paper puts forth the proposition that quantitative analysis is insufficient
for encompassing the entirety of a research field, whereas qualitative analysis is more
suitable for reviews in fields with a lengthy historical development but a relatively limited
total number of publications. In order to conduct a comprehensive review, it is essential
to integrate quantitative analysis with qualitative methods. One such method is the
mixed application of scientometric methods with qualitative literature reviews. In future
research, scholars may wish to consider utilizing international cases and data to conduct
transnational research, with the aim of enhancing cooperation and knowledge exchange
among scholars and academic institutes from different countries.
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Some limitations of this paper should be noted. This study is limited to literature
published in English and Chinese; consequently, relevant studies in other languages have
not been included. Owners of a large number of satellites, such as European Union coun-
tries and Japan, may conduct research in their native languages. Furthermore, qualitative
reviews are inherently subjective. As Rozas and Klein (2010) [15] note, qualitative assess-
ments are not always exhaustive and may lack precision. In addition to academic papers,
documents used as sources for review may include, but are not limited to, websites, videos,
interview transcripts, company reports, and government documents [13]. This literature
review did not encompass all sources of reviews and further work is required in the future
to provide a comprehensive reflection of the entire field of study.
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Notes

1

The website of UCS is https:/ /www.ucsusa.org/resources/satellite-database (accessed on 13 July 2024). One date of launch is
missing from the data set, but this has a minimal impact on the overall trend.

2 The CiteSpace software (Version 6.3.1 at https:/ /sourceforge.net/projects/citespace/files/, accessed on 13 July 2024) is selected
as the primary quantitative analysis tool in this paper.
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