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ABSTRACT

Background: Satellite imagery technology, initially developed for military purposes, has expanded into a critical
tool in non-military applications, including environmental monitoring, disaster mitigation, infrastructure
development, and humanitarian aid. This shift highlights the evolving role of satellite technology from military
functions to addressing sustainability and global well-being challenges. Methods: A literature review approach
was employed to examine the use of satellite imagery in non-military settings. Peer-reviewed articles were
identified, selected, and analyzed from databases such as Google Scholar and ScienceDirect. The focus was on
articles discussing applications in environmental monitoring, disaster management, infrastructure planning,
and humanitarian assistance. Relevant literature was categorized and synthesized to identify emerging trends
and implications of satellite imagery technology. Findings: Satellite imagery has proven to be invaluable in
providing essential geospatial data for non-military purposes. It facilitates monitoring of environmental
changes, supports infrastructure planning and evaluation, enhances disaster mitigation through risk analysis,
and improves coordination of humanitarian aid during emergencies. The integration of platforms like Google
Earth Engine and artificial intelligence significantly increases its utility, especially in object detection, climate
change monitoring, and disaster impact assessments. Conclusion: Satellite imagery has evolved into an
indispensable tool for a wide range of non-military applications, offering sustainable and efficient solutions to
global challenges. It significantly enhances environmental monitoring, infrastructure development, disaster
response, and humanitarian operations. The study emphasizes the need for continued innovation in satellite
technology and interdisciplinary collaboration to meet future global sustainability goals. Novelty/Originality
of this article: This study provides a comprehensive analysis of satellite imagery's growing role in non-military
applications, emphasizing its potential in addressing global challenges. By synthesizing insights across multiple
fields, the research highlights the transformative power of satellite technology in supporting sustainable
development and disaster resilience.
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1. Introduction

Timely and accurate information is the key to overcoming various developing
problems. Satellite imagery is the technology that has been used and proven to be correct
in providing important information. Satellite imagery is not only used as a tool for military
purposes but has also become a valuable asset in supporting non-military operations in
various fields, ranging from environmental monitoring to humanitarian assistance.
Humanity uses almost unthinkable amounts of energy to power the way of life in the
modern era (Nishijima et al., 2013). The geopotential intelligence perspective plays an
important role in translating satellite imagery data into useful information that can be
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applied in various operational contexts. In the mission implementation process, non-
military operations support system equipment will be disrupted and destroyed in various
ways (Qi et al,, 2020).

The use of satellite imagery in the context of non-military operations can open insights,
more effective solutions, and more targeted actions in facing current and future global
challenges. The COVID-19 pandemic is an example of a global challenge that has occurred.
The spread of COVID-19 emphasizes the importance of identifying when there is a new
pandemic pattern by implementing risk control measures for a country in providing the
health services the community needs. Artificial intelligence is changing the way information
technology solutions are implemented and operated (Dollner, 2020). Analysis from social
media can be used for earth observation as well as satellite acquisition to see potential new
areas of human gathering (Atek et al, 2022). Emphasizes ongoing research and
development in cartography and encourages interdisciplinary collaboration for a better
understanding of the world (Habib & Okayli, 2023).

2. Methods

The research method employed was a literature review aimed at examining the
transformation of satellite imagery from a predominantly military tool to a critical asset in
various non-military domains, including environmental monitoring, disaster mitigation,
infrastructure development, and humanitarian assistance. The initial step involved defining
the research objectives, which concentrated on the technological evolution of satellite
imagery and its diverse non-military applications. Subsequently, inclusion criteria were
established to focus on peer-reviewed scientific articles and publications pertinent to the
topic, while exclusion criteria were applied to filter out unreliable sources. A comprehensive
search strategy was implemented using academic databases, utilizing relevant keywords
such as "satellite imagery applications” and "environmental monitoring." Data collection
involved meticulously recording significant information from the selected literature,
ensuring that only high-quality and relevant sources were included in the analysis.

Following the data collection, the literature was systematically categorized based on
key themes, including the latest technologies and applications related to disaster mitigation.
The synthesized findings revealed notable trends and implications of satellite imagery in
non-military contexts. These results were compiled into a comprehensive report that
encompassed an introduction, methodology, key findings, discussion, and conclusions,
complete with properly formatted references and citations. The process also included a
brainstorming phase to aid in the study's design, highlighting the multifaceted applications
of satellite imagery. Ultimately, the literature review underscored the growing significance
of satellite technology in addressing critical challenges beyond military use, contributing
valuable insights to the fields of environmental and humanitarian efforts. The following
brainstorming was used in designing this study (Fig. 1).

RSTDE. 2024, VOLUME 1, ISSUE 2 https://doi.org/



KARIYANI & SUPRIYADI (2024) 58

BRAINSTORMING THE USE OF SATELITE IMAGERY IN SUPPORTING NON-MILITARY OPERATIONS:
A GEOSPATIAL INTELLIGENCE PERSPECTIVE
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Fig. 1 Brainstroming

3. Results and Discussion

The use of satellite imagery to support various things in the contemporary era,
including environmental monitoring, natural disaster mitigation, infrastructure
development, and humanitarian activities. The resolution of satellite imagery is so high that
it is increasingly being used to visualize the impact of an event in real-time (Bennett et al,,
2022a). By careful analysis of satellite imagery, environmental experts can map periodic
patterns of change, identify zones that are vulnerable to environmental degradation, and
plan effective conservation measures. Utilization of satellite imagery and drones can be
used as tools for monitoring crops and estimating crop yields. Things that can be observed
include optimizing resources and tactics for using machine power, including irrigation
systems so that conservation and increased productivity can be observed (Arya, 2021).
Accurate monitoring of deforested land is a necessity in environmental management and
optimal use of land resources. Cover crops can affect soil water content, soil systems, and
planting systems (Raimondi et al., 2023).High-resolution satellite imagery is useful for
identifying resources on the ground (He et al, 2023). However, Manual monitoring of
grasslands over large areas is often impossible due to time and financial constraints (Ara et
al,, 2021).

Satellite imagery plays an important role in monitoring and responding quickly to
disaster threats. Experts can map areas that are vulnerable to disasters, monitor changes in
the earth's surface that may be early signs of disaster, and provide important information
to agencies related to disaster management to plan evacuation and distribution of aid.
Weather analysis and forecasting, and geostationary satellites have the advantage because
images can be obtained more frequently (Higuchi, 2021). Worsening forest fires caused by
climate change pose enormous risks to ecological systems, infrastructure, and human
welfare. In the context of sustainable development goals, especially those related to climate
action, prioritizing assessment and management, as well as the intensity of forest fires
which can be extensive, is the most important thing (Spiller et al.,, 2023). However, the
limited availability of high-resolution monitoring systems for drought phenomena which
are influenced by weather anomalies hampers policy decision-making (Polpanich et al,
2022).

For infrastructure development, satellite imagery provides the data necessary for
planning, monitoring, and evaluating infrastructure projects. A problem that can arise in
settlements is ensuring access to housing and infrastructure for a growing population.
Another important aspect is the environmental sustainability of the settlement boundaries
(Nelin et al, 2023).With satellite imagery, planners can map potential locations for
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infrastructure development, monitor project progress, and measure the environmental
impact of the project. Data regarding damage to buildings in conflict zones relies on
eyewitness reports or manual detection, making data difficult, incomplete, and potentially
biased. This lack of data results in information being restricted to the media, making
humanitarian aid efforts, human rights monitoring, reconstruction initiatives, and academic
studies of violent conflict difficult to track (Mueller et al., 2021). Satellite imagery is also
used for military purposes of intelligence, but is now spreading to every armed conflict. The
role of satellite imagery in influencing the course of armed conflict will continue to grow as
research advances to make direct analysis (Sticher et al., 2023a).

Satellite imagery can provide specific and broad access to geospatial data in the
context of environmental monitoring to detect and classify objects from satellite imagery
which is very important for many applications (Tehsin et al., 2023). Google Earth Engine
(GEE) is a free web-based spatial analysis platform that only requires a web and internet
connection to access programmatically. Google Earth Engine is used to analyze data from
regularly updated multi-petabyte catalogs of satellite imagery (e.g. MODIS, Landsat,
Sentinel) and other geospatial datasets (Crego et al., 2022). The existence of big data and
earth observation technology can play an important role in facilitating the monitoring of
sustainable development in urban areas (Han et al,, 2022). From year to year, global climate
changes occur which cover various areas, such as states and access to natural resources,
residential infrastructure, and so on.(Alimbekova & Walker, 2022). Observing weather,
especially to monitor the growth of cumulus clouds globally, makes it easier to analyze
environmental and climate changes. This cloud growth is closely related to the formation of
energy and water cycles, and global ecosystems at various scales seen from the influence of
solar radiation and rainfall. Satellite imagery is an important data source for accurate cloud
detection and segmentation which is important for climate and environmental monitoring
(Shi & Zuo, 2022). Monitoring the melting of ice during the summer, by paying attention to
cloud growth and snow accumulation, is one of the benefits of satellite imagery of the earth's
surface (Brun et al,, 2015). By tracking changes over time, satellite imagery allows the
identification of long-term trends and seasonal changes in an ecosystem. Flood modeling
and mapping typically require estimating flood frequency, modeling the distribution of
pollutants in seawater, and inundation mapping, which require specific data sets that are
often not available to developing countries due to financial, logistical, technical, and
organizational challenges. (Ekeu-wei & Blackburn, 2018). Satellite imagery is very useful in
measuring the impact of human activities on ecosystems quite accurately. The risk of forest
fires has increased globally over recent years due to several factors. For example, a quick
and efficient response to forest fires is critical to reducing the damage to humans and
wildlife (James et al., 2023). Currently, plastic pollution in aquatic ecosystems has been
identified as an increasing global water pollution threat, resulting in a negative impact on
water quality, and as a result, impacting the health of humans, aquatic animals, and wildlife.
Therefore, this presents a global environmental disaster that requires immediate attention
(Mukonza & Chiang, 2022).

Effective conservation action planning is very possible. The area used for mineral
extraction is a key indicator in understanding and mitigating environmental impacts caused
by the natural resource management sector. To date, mineral product data from the natural
resource management sector worldwide does not report areas used for mining activities
(Maus et al., 2020). The use of satellite imagery in environmental monitoring provides great
benefits for understanding environmental dynamics and conservation efforts. By utilizing
this technology effectively, stakeholders can plan timely, efficient, and sustainable actions
to maintain environmental sustainability. For decades, scientists and conservationists have
advocated for the creation of protected areas that preserve ecosystems and biodiversity as
primary goals, and benefit local populations (Vidal et al., 2014). The integration of artificial
intelligence and satellite remote sensing in land cover change detection is important in
scientific discovery and research (Gu & Zeng, 2024). The availability of big data and earth
observation technology plays an important role in facilitating sustainable monitoring of
urban development (Han et al., 2022). Deforestation is often caused by human activities
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such as illegal logging, agricultural expansion, and infrastructure development. From year
to year, global climate changes occur which cover various areas, such as states and access
to natural resources, residential infrastructure, and so on. Climate change has different
consequences for agriculture and livestock, rainfall which can affect crop yields and animal
feed (Alimbekova & Walker, 2022). Satellite imagery has reached a consensus that spring
phenology for vegetation in urban areas occurs earlier than in rural areas (Tian et al., 2020).
Changes in vegetation cover are one of the main indicators used to monitor environmental
quality. It accurately looks at changes in hydrology, climate, and human activity, especially
in arid and semi-arid regions (Almalki et al., 2022). Mangrove forests consist of plant species
such as halophilic fungi and shrubs with certain morphological, physiological, and
reproductive characteristics that enable them to survive on the surface between terrestrial,
estuarine, and marine ecosystems near the coast in tropical and sub-tropical areas
throughout the world (Villate Daza et al., 2020).

Apart from deforestation, satellite imagery is also useful for mapping changes in land
cover, such as urbanization, agriculture, and other land use changes. Satellite imagery can
be used to monitor and predict gross weight production and water evaporation in living
tissue (Celis et al., 2024). Forest destruction is known to cause natural disasters in the form
of floods, landslides in the rainy season, droughts in the dry season, climate change, and
global warming. The high rate of forest destruction is caused by various factors, one of
which is weak law enforcement in illegal logging efforts (Mujetahid et al., 2023). Mapping
Antarctica with satellite imagery is also important for monitoring the polar environment
(Zeng et al., 2023). The conversion of natural land cover to human-dominated land use
systems has a significant impact on the environment. Global mapping and monitoring of
extensive human-dominated land use via satellite provides an empirical basis for assessing
land use (Hansen et al, 2022). Land degradation often occurs due to unsustainable
agricultural practices, mining, and inappropriate land use. To identify water bodies from
satellite images automatically is one of the most difficult tasks in the realm of remote
sensing. Detailed and precise urban green space maps provide important data on the
sustainability of urban development (Chen et al.,, 2021). In recent years, several image
processors have been developed for multispectral processing to analyze land availability,
water prediction, object detection, climate change, and others (Afag & Manocha, 2021).
Information obtained from satellite imagery not only helps in monitoring current
environmental conditions but also plays an important role in sustainable decision-making.

For a long time, satellite imagery was used for military and intelligence purposes, but
today its use extends to every aspect of armed conflict (Sticher et al., 2023b). Improving the
technical and research methodology of hazard and disaster identification is crucial in
disaster management. Object detection is an important step in satellite image-based
applications such as agriculture, urban planning, and defense applications (Chollet, 2017).
Artificial intelligence applications such as tracking and mapping, geospatial analysis, remote
sensing techniques, robotics, drone technology, machine learning, telecommunications and
network services, accident and hotspot analysis, smart cities planning, transportation
planning, and environmental impact analysis, are components of social change technology,
which has had a significant impact on research on societal responses to hazards and
disasters (Abid et al., 2021). Humanitarian aid coordination has always been difficult due to
a lack of data needed for management and planning (Jenerowicz et al,, 2019). Remote
sensing technology has experienced a significant increase in popularity over the last two
decades and has become an integral part of our lives (Avtar et al, 2021). Very high-
resolution satellite imagery was once a rare commodity, with satellite pass-over frequencies
being rare in certain areas (Voigt et al.,, 2014). Very high-resolution satellite imagery is
increasingly being used to visualize the impact of armed conflict in near real-time (Bennett
et al., 2022b). This helps in identifying areas that require immediate intervention, planning
evacuation routes, and coordinating humanitarian aid efforts more effectively. For example,
in situations of armed conflict, satellite imagery can spot military movements or weapons
buildups that could signal an escalation of conflict, allowing for a quicker response from
authorities or international organizations. Satellite imagery also plays an important role in
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managing refugees, providing accurate data about the location, size, and condition of
refugee camps so that it can be used by decision-makers to anticipate the magnitude of
potential disasters and provide rapid responses to threatened residences (Bhatt et al,,
2017). Extensive mining operations, deforestation, and soil erosion coupled with
population growth can harm forest resources (Pyngrope et al., 2021). Urban flooding is a
major natural disaster that poses a serious threat to the urban environment (Peng et al,,
2019). In situations of natural disaster or conflict, access to affected areas is often limited
and dangerous. From satellite imagery, it is possible to map the condition of roads, bridges,
and other crucial infrastructure when delivering aid. In general, poor road conditions,
especially cracked roads, disrupt the community in the form of inconvenience for road
users, serious damage to vehicles, and accidents (Yi & bin Ahmad, 2023). Mapping the
distribution of poverty in developing countries is critical for humanitarian organizations
and policymakers to formulate targeted programs and aid (Tingzon et al., 2019). The use of
satellite imagery in support of non-military operations not only provides benefits in terms
of rapid response to crises but also in improving understanding and long-term planning.
Agricultural land changes every year, making agricultural water estimates difficult to use,
considering agricultural methods of use identification and mapping land (Zhong et al,,
2009). By developing geospatial analysis technology and methodology, the benefits of
satellite imagery can continue to be improved to support sustainable development goals for
humanity in the future.

4. Conclusions

Satellite imagery has evolved from just a military tool to become an important asset in
a variety of non-military operations supporting environmental monitoring, disaster
mitigation, infrastructure development, and humanitarian assistance. Satellite imagery
provides broad access to geospatial data in the context of environmental monitoring. With
the ability of satellite imagery to map environmental changes globally and on significant
time scales, stakeholders can identify patterns of change, measure the impact of human
activities on ecosystems, and plan effective conservation actions. This technology offers
high resolution and real-time capabilities, enabling careful and detailed analysis that is
essential for experts to identify environmental problems, plan conservation measures, and
respond more effectively to natural disasters.

The use of satellite imagery also facilitates the collection of accurate geospatial data
and is crucial for detecting, classifying objects, and monitoring environmental changes.
Platforms such as Google Earth Engine enable broad access to satellite imagery data,
supporting monitoring of sustainable development in various fields. Satellite imagery plays
an important role in climate change analysis, dealing with deforestation, monitoring
agriculture, and dealing with pollution. In addition, the integration of artificial intelligence
with satellite imagery further expands the scope of applications of this technology, from
object detection to smart city planning and disaster response. In the context of armed
conflict and emergencies, satellite imagery provides real-time information that is vital for
aid and evacuation coordination. Overall, The use of satellite imagery in non-military
operations offers effective and efficient solutions to various global challenges, supporting
sustainable development, environmental conservation, and improving people's quality of
life. Research and development of this technology continue to encourage interdisciplinary
collaboration and expand its applications for a better future.
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