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One of the critical challenges in environmental, social, and economic terms is the
progressive loss of strategic ecosystems, such as wetlands, moorlands, and
mangroves. These natural systems provide water regulation, biodiversity
conservation, climate change mitigation and the wellbeing and survival of
living beings that directly and indirectly depend on them. The loss of strategic
ecosystems like wetlands, moorlands, as well as mangroves, are representing the
critical challenges that affect directly both environmental and social sustainability.
Taking this into account, the technological innovation, where the Al, remote
sensing and |oT, are emerging as key tools for strengthening the monitoring and
sustainable management processes. Thus, the objective of this study is to analyze
scientific developments which have had a great relevance in terms of
technological innovation and their applicability on the environmental
monitoring of strategic ecosystems and the consequences of it on the
sustainability. For this end, 500 documents were analyzed for developing a
bibliometric analysis indexed in Scopus (1993-2026), for processing the data
were used VOS viewer and Bibliometrix. For instance, the results showed that
there is an increased exponential growth of the academic production since 2016,
which peaked in 2025; most of these studies were held by China, Germany and
the United States, and the most studied technologies where the [oT Networks, Al,
and satellite remote sensing. Although, Africa and Latin America had a lower
participation in comparison, which is a clear proof of the gigantic gap in terms of
accessing and implementing these technologies. This study provides evidence
about regional gaps, research trends and key actors, while highlighting the
constant need of strengthen the technological interoperability, the inclusion of
local communities and the design of evidence-based public policies. These
findings provide a solid basis for guiding future research and sustainability
strategies in strategic ecosystems.

KEYWORDS
artificial intelligence, environmental monitoring, forest fires, police training,
technological innovation

1 Introduction

With the advance of pollution in the 21st century, there has been substantial
degradation of ecosystems, mainly due to human activities, which directly affect
forests, wetlands, moors, and mangroves (Graizbord et al, 2024), an important
source for human existence and living beings. The degradation and deterioration of
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FIGURE 1

Annual scientific output. Source: Own elaboration using Bibliometrix (2025)

these ecosystems are a problem for the subsistence of living
beings, given that they support and regulate the natural
balance, according to how the water system and carbon
capture are regulated, and their influence on diversity. These
systems fulfil ecosystem functions, without them, life on Earth
would be unsustainable (Kang et al, 2024). The progressive
deterioration of strategic ecosystems such as forests, wetlands,
moors, and mangroves constitute a major threat to environmental
and social sustainability in the 21st century (Elias and Esper,
2021). These ecosystems play an essential role in water regulation,
carbon sequestration and biodiversity preservation, which are
fundamental to food security and the wellbeing of millions of
individuals (Sietz et al., 2025). Nevertheless, there are factors like
deforestations, pollution, urban expansion, and climate change,
which have intensified their degradation, while increased the
vulnerability of the communities, as well as jeopardizing the
provision of the provision of the key ecosystem services.

Around the world, the technological innovation has increased
widely, being considered as a strategic ally, useful for facing the
emerging challenges; Artificial intelligence (AI), as pointed out by
Ruiz and Martinez (2024), is a branch of computer science that
focuses on the design and creation of systems based on
mathematical models and algorithms that integrate large amounts
of data to recognize patterns, adapt to new circumstances and
optimize their performance autonomously or semi-autonomously
through flexible languages. Where drones, IoT sensor networks,
Artificial Intelligence (AI), satellite remote sensing and big data, led
to have a real-time monitoring with constant information with a
great coverage. This enables a greater management of environmental
risk prevention (Kamyab et al., 2023). These applications are the
proof that the use of technology is effective for predicting threats and
measuring environmental variables, with these tools is possible to
make conservation plans in order to design a sustainable ecosystem
management.

Artificial intelligence, as a technological tool in environmental
surveillance, through automation and satellite image remote sensing,
makes it possible to process large volumes of data in order to accurately
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identify changes in forest cover and anticipate future deforestation
hotspots, as applied in the Colombian Amazon (Tinoco et al,, 2025).
Likewise, unmanned vehicle systems have also emerged for the
monitoring of aquatic ecosystems (Liu et al, 2025). In a similar
vein, programs, networks, and databases aimed at environmental
monitoring and assessment have been developed to support
decision-making in ecosystem prevention and conservation efforts
(Verma et al,, 2025). Furthermore, the use of technologies such as
machine learning (ML) holds significant potential for transforming
applied data, as it provides tools that enable the effective prediction,
monitoring, organization and recording of ecosystem biodiversity in
any location (Khaskheli et al., 2025).

However, significant gaps still exist in access to and
implementation of these technologies, especially in countries in the
Southern Hemisphere. The main barriers are lack of interoperability
standards, limited participation of local communities in monitoring
processes, dependence on expensive digital infrastructure, and ethical
challenges related to governance and data ownership (Mulatu et al.,
2025). This technological disparity gives rise to disparities in
knowledge creation and limits the transfer of innovation to
particularly sensitive regions such as Latin America and Africa.

Figure 1 shows the annual evolution of scientific output during
the period 1993-2026, revealing a non-linear pattern with three
clearly differentiated phases. In the first stage (1993-2005), output
remained marginal and showed little variability, suggesting an
incipient phase for the field, characterised by low visibility and
limited thematic consolidation.

A second phase (2006-2018) reflects gradual, albeit moderate,
growth, indicating a process of progressive expansion of academic
interest and greater incorporation of the topic into the
research agenda.

The third phase (2019-2025) shows exponential growth,
particularly marked from 2021 onwards, reaching its peak in
2025. This behaviour suggests a process of rapid expansion and
growing research interest, possibly associated with contextual
changes, technological advances or regulatory transformations
that have revitalised the field.
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FIGURE 2
Most relevant sources. Source: Own elaboration using Bibliometrix (2025).

From a scientific maturity perspective, the observed trajectory
indicates that the area is in a recent phase of accelerated growth,
although it still shows signs of volatility. Overall, the dynamics
suggest a field in transition towards consolidation, but still
vulnerable to cyclical fluctuations and possible thematic
expansion processes without sufficient theoretical articulation.

Figure 2 shows a marked editorial concentration in a small
number of sources. Sustainability (Switzerland) stands out
significantly with 118 documents, well above the rest of the
journals, whose output ranges from 5 to 10 publications. This
asymmetry reflects a high dependence of the field on a single
publishing platform, which can be interpreted as an indicator of
thematic specialisation, although it also suggests a structural
concentration in scientific dissemination channels.

The second level of sources—which includes Lecture Notes in
Networks and Systems, E3S Web of Conferences, Environmental
Science and Pollution Research, Environmental Monitoring and
Assessment, International Journal of Environmental Research and
Public Health, Journal of Environmental Management, Proceedings
of SPIE,
distribution, albeit with significantly lower volumes.

This limited dispersion suggests that, although the field is present

and Sensors—presents a relatively homogeneous

in indexed impact journals, it does not yet show solid and balanced
integration in multiple prestigious outlets. Overall, the evidence
indicates that the field is editorially dynamic, but also structurally
concentrated, which could limit its theoretical consolidation and
institutional recognition if publication spaces are not diversified
towards journals with greater disciplinary centrality.

In this context, it is necessary to pursue studies that analyze the
role of technological innovations in environmental monitoring of
strategic ecosystems, as underlined by Puig and Darbra (2024),
research trends, regional knowledge gaps, and practical applications.
Identify opportunities for the purpose of this study is to provide
scientific evidence through a bibliographic analysis, which allows us
to understand the development of the region, highlight its effects on
sustainability, and design comprehensive public policies and
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conservation strategies based on evidence of clear environmental
impacts Enables to guide (Vélez et al., 2024).

Thus, in the search for alternatives to prevent, control and
safeguard ecosystem integrity and to maintain a natural balance
within territories, researchers and governments, through public
policies, have proposed significant and strategic measures for
environmental sustainability supported by technology, such as
(SESI) and the SESPI
progress index (Garcés et al, 2025). Similarly, other countries,

strong environmental sustainability
such as China, have implemented pilot sustainable development
plans to assess the effects of environmental quality in urban centers
and to project adaptive strategies when policy objectives are not met
(Chen et al., 2025). Meanwhile, research focused on public policies
in South American countries such as Ecuador, Peru, Bolivia, and
Colombia have produced a range of documents and tools aimed at
achieving integrated fire management in the context of forest fires.
These efforts have contributed to strengthening legislation and
public policy responses to the phenomenon, with the support of
the Andean Community (Correa et al., 2025).

o Similarly, through the articulation of public policies, case
studies have been implemented across several regions of
South America, including the Amazon, the Cerrado and the
Chiquitania, in order to analyze how knowledge about fire and
its impacts is produced, applied and circulated. These studies
draw on diverse analytical approaches and descriptive models,
encompassing ecological analysis, public policy assessment,
science studies and the use of technology (Eloy et al., 2019).
In addition, building on the strategic alliance between Colombia

and Venezuela, and through bilateral cooperation and state-level
policy agreements, joint initiatives have been established for the
prevention of forest fires in the Colombian-Venezuelan plains.
These initiatives make use of algorithmic modelling and
moderate-resolution imaging spectroradiometer (MODIS)
data, specifically the MCD64A1 product, integrating spatial
information across four key dimensions: topography, human

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2026.1734506

Carvajal Romero et al.

Articles

10.3389/fenvs.2026.1734506

Country CHA

FIGURE 3

Production by country over time. Source: Own elaboration using Bibliometrix (2025).

presence, vegetation, and climatic variables (Barreto and
Armentera, 2020).

This indicates that, both in Colombia and in other countries,
there is an ongoing inter-institutional synergy aimed at the care and
protection of ecosystems and the natural environment.

Nevertheless, although progress has been made, there are still
significant gaps in the research and practical implementation of the
technologies mentioned that contribute to the prevention of
environmental disasters (Wu and Zhao, 2025). Among these, we
can formally highlight the few interoperability standards between
platforms, the limited inclusion of local communities in monitoring
processes, access limitations in developing countries, and the risks
associated with governance and data management ethics (Yeshiwas
and Tiruneh, 2025; Hoffmann et al.,, 2025). In addition, there is
greater interaction in the study for countries in the global north,
leaving behind experiences applied to strategic ecosystems in regions
such as Latin America and Africa (Poenaru and Manta, 2025).

Considering the above, this research aims to analyze
applied to the
monitoring of strategic ecosystems and its implications for

technological — innovation environmental
sustainability. Therefore, it aims to answer the following research
question: What implications do these innovations have for
environmental management and the formulation of public policies
aimed at conservation? In this way, the research will contribute
significantly to the academic literature, offering technological

solutions that support sustainability in local and global contexts.

2 Theoretical framework

When we talk about the environment, we are initially referring
to strategic ecosystems that correspond to those categories where the
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protection and conservation of ecosystems important for the
subsistence of living beings prevails (Sobhani et al., 2025). These
include tropical forests, moorlands, wetlands, mangroves, and coral
reefs, all of which have a major influence on the regulation of the
water cycle, climate stabilization and the provision of food and raw
materials (Biswas and Subramanian, 2025). In this regard, there has
been substantial degradation which, rather than decreasing, is
increasing over time, creating greater vulnerability to natural
disasters and climate change (Zhao S. et al., 2023).

In addition, many studies call for a substantial response to the
pollution of ecosystems, because if the serious and sudden impact
continues as it has been, there will be significant consequences in
terms of economic and social sustainability. Therefore, Poenaru
et al. (2025) and Gaut et al. (2025) recognize that when there is a
reduction in the carbon capture capacity of forests, pollution in
wetlands or salinization of coastal soils due to the retreat of
mangroves, this has direct consequences on ensuring food
security and sustainability for local communities. Therefore,
given the urgency of the situation, it is necessary to implement
new and better strategies that enable more constant and advanced
monitoring that goes beyond the limitations of traditional
methods through the use of modern technology (Zhang
et al., 2022).

Figure 3 shows the evolution over time of scientific output
broken down by country, revealing different dynamics in the
international consolidation of the field. During the initial period
(1993-2005), output was practically non-existent in all the countries
analysed, confirming an early phase with low global
institutionalisation.

From 2006 onwards, a gradual activation can be observed,
initially led by the United States and Germany, whose gradual
increases suggest a process of early incorporation and thematic

structuring. However, the most significant change occurs from 2021
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onwards, when China registers exponential growth that far exceeds
that of other countries, reaching a dominant position in terms of
publication volume.

India also shows rapid growth in recent years, while Italy and
Germany maintain more moderate and relatively stable growth
trajectories. The United States, although showing sustained
expansion, loses relative leadership in the face of growing
Asian dynamism.

The growing participation of emerging economies suggests that
the field is moving towards a phase of expanded internationalisation,
albeit with marked asymmetry in scientific production. This pattern
is characteristic of rapidly expanding areas, where global leadership
is still in the process of being defined and traditional centres share
the limelight with new hubs of scientific generation.

Overall, the evidence points to a transition from development
initially concentrated in Western economies to a more multipolar
configuration, with recent Asian predominance. The sustainability
of this dynamic will depend, to a large extent, on the ability of these
countries to transform quantitative growth into intellectual
influence and conceptual leadership within the field.

In this vein, multiple authors have agreed that strategic
ecosystems should be understood as natural infrastructures with
the capacity to provide services that are equivalent to and as valuable
as high-cost engineering works. This is illustrated by the case of
Andean moorlands, identified as one of the most megadiverse
habitats on the planet, where a variety of ecosystems emerge as a
source and conservation of natural balance (Rodriguez Caguana and
Morales Naranjo, 2020). These play a role similar to that of natural
sponges, regulating water flow for cities with large populations such
as Bogota or Quito, which reduces the high costs of building artificial
infrastructure to store this resource (Mora et al., 2021). Similarly,
there is another natural method for absorbing the energy of storms
and hurricanes: mangroves, which prevent significant material
losses to coastal communities, further demonstrating their
economic and social value beyond the environmental dimension.

Another example is the case of coral reefs, whose deterioration
threatens marine biodiversity and, in the same way, the economy of
entire communities that are directly dependent on artisanal fishing
and tourism would also be affected. Some of the most recent studies
have shown that if the trend of deterioration persists, more than 70%
of all reefs in the Caribbean could be lost in the next 20 years, which
would compromise regional biodiversity and food security
(Hoffmann et al., 2025). Given this outlook, there is a global call
to develop and implement monitoring systems that integrate these
emerging technologies in order to anticipate any risks that may arise
and, in the same way, design public policies that protect the reefs.

However, it is vitally important to recognize that strategic
ecosystems contain more than just economic and social value;
they transcend this to become cultural and spiritual, in relation
to indigenous and local populations, as a source of wisdom and
ancestral knowledge for the survival of their communities (Pedersen
Zari et al., 2025), in which everyone is part of a group that works to
protect and sustainably manage the ecosystem and its resources
through the implementation of community monitoring systems
(Reddy et al., 2024). However, with globalization and constant
industrial development, this knowledge has historically been
marginalized. In this situation, various researchers have stated
that official conservation programs should integrate emerging
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knowledge, generating hybrid management models to enhance

technologies for ecosystem conservation
long-term sustainability (Yeshiwas and Tiruneh, 2025).

On the other hand, emerging technologies applied to
environmental monitoring are also an important part of the
literature review, as remote sensing and remote sensors are
shown to be tools capable of mapping land cover, measuring
changes in forest biomass, and detecting desertification processes
in short time frames (Xu B. et al, 2024). Furthermore, the
integration of hyperspectral and multispectral sensors expands
the capacity for analysis, improving the detection of subtle
changes in water quality or vegetation health (Hoffmann
et al., 2025).

As an example, Asian countries are taken as benchmarks in
technological innovation, as they use fixed-wing drones, specially
equipped with thermal cameras that are used to measure how soil
temperature varies, thereby mitigating the potential risk of forest
fires and enabling measures to be taken in response (Zhu
et al., 2025).

Secondly, research related to technological programs such as
that of Ju et al. (2025) allows large-scale monitoring of the earth to
identify the most significant changes. On the other hand, the
observation programs known as Copernicus and Landsat have
generated large, freely accessible databases that are an essential
input for global and regional research (Fernandez et al., 2024).
However, limitations associated with temporal and spatial
resolution, as well as technological dependence on industrialized
nations, persist, further hindering access to new and better measures
for environmental protection.

Likewise, satellite remote sensing has effectively led to the
generation of predictive models of deforestation and loss of
vegetation cover at the global level. Some of the most notable
examples are the monitoring of the Amazon using Landsat and
Sentinel images, which have shown that there is a sustained increase
in deforested areas of agroforests and forests, mainly in the Amazon
(Yang et al.,, 2025). This has been used to generate international
campaigns related to the conservation of these areas and the
ecosystem, which in turn has enabled public policy decisions to
be made to preserve fauna and flora (Malik et al., 2026). The
application of remote sensing not only describes the state of
ecosystems in real time, but also allows future scenarios to be
generated based on the information provided and possible risks
to be anticipated.

Similarly, remote sensors designed using AI algorithms have
improved classification in relation to land use and coverage.
Through techniques such as machine learning, it has been possible
to differentiate between crops, pastures, water bodies and deforested
areas with greater precision, which has transcended traditional
methods (Xu Y. et al., 2024). These advances, which are particularly
important for strategic ecosystems, maintain constant monitoring of
vegetation cover, where even minor changes can bring significant
changes in the dynamics of ecosystems.

In addition, one of the most important aspects of studies is the
development and implementation of collaborative remote sensing.
This happens due to the freely accessible satellite images that are
complemented by citizen participation and low-cost drones (so-
called civilian sensing), allowing local communities to cooperate in
the collection and verification of environmental data. As a result,
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more inclusive processes have begun to emerge, democratizing
access to environmental information (Poenaru and Manta, 2025).

In short, remote sensing has become a crucial tool for coastal
and marine monitoring. Specific sensors have made it possible to
measure water turbidity, identifying the presence of oil spills and
harmful algal blooms in real time (Gaur et al., 2025). Now, for coral
reefs, there are multispectral sensors that can detect bleaching
processes, providing early information for the prompt
implementation of risk mitigation measures. Thanks to the uses
of remote sensing, it is clear that it has great versatility for conserving
strategic terrestrial and aquatic ecosystems.

Furthermore, environmental IoT and sensors used as networks
have been extremely useful in terms of real-time data collection
relating to the environment. These sensors are known as WSNs and
are strategically located at the most sensitive points so that access to
information is clear and concise. In this way, data such as soil
moisture, solar radiation levels, and the set of pollutants in the
atmosphere can be obtained, along with flow levels in water bodies
(Petrillo et al., 2025).

In agricultural areas, for example, these tools are used to develop
intelligent systems that detect risk through soil management
analysis. Since, considering the crops to be grown and also for
livestock purposes, it is necessary to maintain strict care levels for
proper harvesting and feeding, respectively, which not only
guarantees quality and wellbeing, but also ensures the use of
water resources and reduces pressure on strategic ecosystems
(Yeshiwas and Tiruneh, 2025).

Additionally, environmental IoT is integrated with cloud
platforms that process and visualize data in interfaces accessible
to researchers and decision-makers. Experiences such as those
developed in India and China have shown that these technologies
can be scalable and replicable, although they require considerable
investment in digital infrastructure and connectivity (Gaur
et al., 2025).

Also, TIoT networks have been shown in myriad studies to be
capable of creating diverse systems for early warning, making
them extremely useful tools for natural phenomena such as
landslides, forest fires and floods. Thanks to these systems,
which constantly collect data through their sensors, optimal
risk management is possible by having all the information
available in real time on digital platforms. This is a particularly
important aspect in strategic ecosystems, where devastating
changes can occur without warning, so these tools allow
environmental authorities to react more effectively (Poenaru
and Manta, 2025).

Similarly, ToT networks have begun to be used in urban
ecosystems, where these sensors allow for the monitoring of the
interaction between areas undergoing urban expansion and natural
areas. Due to the constant growth of cities, this type of technology is
especially useful for identifying the impact that human settlements
have on the ecosystem, its forests, wetlands, and riverbanks. In this
way, methods for the conservation of strategic ecosystems are
established, leading to sustainable territorial planning (Zhao Y.
et al., 2023).

Then, the IoT makes a significant contribution to the
environment through Blockchain technologies, which ensure data
traceability and transparency, guaranteeing that, when these aspects
are combined, the information will be completely accurate and will
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not be manipulated, which increases confidence in political
decision-making and in the studies of the scientific community
(Yeshiwas and Tiruneh, 2025). In turn, environmental markets have
become trusted tools, with transparent information on emissions,
deforestation, water consumption, among other aspects that are
useful for generating a database and thereby creating compensation
schemes or carbon credits.

However, there is still much to be done for IoT networks, given
their applicability and integration in remote locations where the
installation of sensors is complex due to difficult access, such as
mangroves or moors. This is an issue that the literature has not yet
been able to address, there is a clear need to develop energy-efficient
devices that can operate for prolonged periods of time and, above all,
do not require regular maintenance or human intervention. While it
is true that advances in renewable energies, such as solar panels and
ambient energy collection systems, have been able to improve the
outlook and provide a solution to the current challenge,
technological improvements are needed to ensure access and
sustainability in those areas that are difficult to access (Malik
et al., 2026).

Nevertheless, the role of AI and tools such as machine learning
has been revolutionary in environmental analysis, as algorithms are
trained to identify complex patterns in time series and classify land
cover from satellite images (Malik et al., 2026). One of the notable
benefits is the ability to predict future scenarios of environmental
degradation by considering climatic and socio-economic variables.

For example, the use of convolutional neural networks has
shown remarkable performance in identifying tree species from
aerial images, which is vital in reforestation and conservation
programs (Xu B. et al,, 2024). Similarly, AI has been used in the
early detection of microplastics in water bodies and their dispersion
analysis (Gaur et al., 2025), demonstrating cross-cutting applications
that transcend traditional monitoring.

The capacity for mass analysis has made it possible to expand
and improve the conditions of manual methods, which has led to
more accurate and continuous monitoring of different strategic
ecosystems, as postulated by Kuppusamy et al. (2024), who
highlight the importance of using Al as an effective manager of
large amounts of environmental information, as it produces learning
algorithms based on satellite images of different resolutions, thus
allowing a comparison between the current situation and historical
data, so that automatic alerts can be generated on biodiversity loss,
deforestation, coastal erosion and other risks (Poenaru and
Manta, 2025).

With the constant advancement of Al it has begun to be used for
modelling future scenarios in contexts related to climate change. To
this end, three types of variables have been integrated: climatic,
geographical, and socio-economic. Thus, through predictive models
designed with Al it is possible to estimate the possible changes that
strategic ecosystems will undergo in the next two or three decades
(Yeshiwas and Tiruneh, 2025). This information is vitally important
for planning adaptation and mitigation strategies, which must be
aligned with the SDGs and national conservation policies.

Machine learning has also been used for ecosystem analysis,
giving rise to a new field known as Eco acoustics. Microphones
installed in forests and wetlands can be used to collect different
sounds, mainly related to animals such as birds, insects and
amphibians. These sounds are then processed by AI algorithms
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that identify each species present in the environment, making it
possible to measure the state of biodiversity and thus non-invasive
and low-cost monitoring of wildlife compared to traditional
methods (Hoffmann et al., 2025).

AT has also begun to be used in marine ecosystems, such as
seagrass beds and coral reefs, where underwater images have
advanced the study of these environments. To this end, complex
algorithms have been implemented to directly classify species and
coverage levels automatically, which has streamlined research
processes and improved the accuracy of biological inventories, as
they are conducted automatically (Zhao S. et al., 2023).

However, studies have pointed out major limitations in the use
of AL including a direct dependence on large training databases,
which, in particular contexts such as Latin America and Africa, are
not always available. Furthermore, according to Floridi and Cowls
(2019), the increasing use of artificial intelligence has led to ethical
debates about the control and ownership of this data, as most of this
data is processed by global corporations, creating disparities in
access to the benefits of innovation occur.

On the other hand, due to the rise of data science applied to the
environment, the development of systems has intensified in order to
integrate large volumes of information generated by satellites,
sensors, and environmental institutions. Thus, Poeneru and
Munt (2025) affirm that Geographic Information Systems (GIS)
and big data have emerged as essential platforms for planning
biological corridors, monitoring protected areas, and mapping
ecosystem dynamics.

By combining Big Data and GIS, it is possible to perform more
efficient and simpler multi-level analyses and integration of local,
regional, and global information on a single platform (Zhao Y. et al.,
2023). Additionally, free science initiatives have taken a huge
relevance in recent years to facilitate access to environmental
databases. It contributes significantly to transparency and
both
communities been affected. However, previous research warns

collaboration  between sides researchers and the
that data availability does not always equate to optimal
management, as it also depends on the technical and financial
capabilities of each country (Hoffmann et al., 2025).

In addition, one of the most significant contributions of Big Data is
its ability to integrate and manage diverse sources of heterogeneous
information, such as socio-economic statistics, climate data, and
satellite images, while also maintaining data from multiple sensors
in real time and generating constant comparisons with historical
records. Thanks to this combination, new models with a greater
degree of complexity can be developed to understand more
accurately the factors and impact that exist between humans and
nature, leading to a more holistic scenario for decision-making
regarding ecosystem conservation (Petrillo et al., 2025).

For their part, GIS have been transformed into dynamic analysis
platforms that are loaded in the cloud, so that both researchers and
environmental managers are able to access the various interactive
maps, which are frequently updated, where hundreds of data related
to biodiversity, water quality, deforestation and fires occurring in the
environment are constantly being superimposed (Yeshiwas and
Tiruneh, 2025). While it is true that GIS are essential tools, it is
imperative to use them correctly to design land use plans that take
ecological sustainability into account and, in turn, enable the
generation and definition of public policies.
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On the other hand, studies highlight that there is a growing use
of Big Data in risk management, which is mainly done through the
analysis of historical and real-time data. Thanks to the combination
and use of these two aspects, it is possible to anticipate possible risks
related to phenomena such as floods or droughts that can be
prolonged and negatively affect strategic ecosystems. As a result,
these types of approaches have led to the improved development of
vulnerability maps and early warning systems in both Asian and
European countries, but in the near future they could be applied in
different contexts, such as Latin America, with adaptations made in
line with the economic reality of each case (Zhu et al., 2025).

Furthermore, GIS, like Big Data, has proven to have great
comprehensive applicability in various areas, becoming useful for
monitoring the marine environment, such as fishing and protected
reserves. To this end, digital platforms have been implemented that
are capable of identifying patterns related to overexploitation and
maritime traffic, which are extremely useful for designing control
and conservation strategies (Gaur et al., 2025).

However, there is a problem related to access to technologies
that drive the development of GIS and Big Data, given that there is
great inequality between developed and developing countries, which
shows that there is a large gap in technical capabilities, knowledge
and innovation, limiting the use that a country can make of these
tools (Poenaru and Manta, 2025). In addition, there is considerable
data
management, which increasingly exposes the generation of digital

dependence on private platforms for environmental
sovereignty, mainly where natural resources are strategic. These
limitations therefore lead to cooperation and promote the creation
of infrastructures that can be shared between different contexts,
being open in order to increase their applicability.

In terms of literature, there is a large gap between developed and
developing countries, resulting in a stark contrast between them. For
example, in Europe, programs involving satellite technologies,
climate modelling and IoT sensors have been developed for the
purpose of monitoring air quality and marine ecosystems (Petrillo
et al., 2025). In Asia, there are other advances with a focus on the
protection of coastal ecosystems, which, through underwater
sensors and drones, have the ability to track changes in marine
biodiversity (Zhao S. et al., 2023).

Similarly, in Latin America, monitoring programs have
been developed for Amazonian forests and Andean
moorlands. However, the integration of technologies is still
in its preliminary stages, which is why most programs are

funded through international cooperation (Poenaru and

Manta, 2025). In Africa, savannahs and deserts are
monitored, but this has been limited to academic studies, as
there are not many resources available to develop

comprehensive platforms that can be implemented. These
highlight the stark
technological asymmetry, which conditions countries’ ability

examples contrasts in  global
to protect their strategic ecosystems.

However, despite the many advances related to the study of the
applicability of artificial intelligence, IoT and Big Data in traffic
management in Latin America, certain gaps in the academic and
technical literature are still noticeable. The first gap is part of the
problem mentioned above, where the available studies come mainly
from developed countries such as the United States, Europe and

Asia. In the case of Latin America, there is still a significant shortage
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of research related to and applied to a Latin American context. Due
to this major limitation, it is impossible to consider models that can
be adapted to the
characteristics and particularities of each context (Crawford,
2021; Zheng et al., 2020).

Similarly, there is a considerable deficit in comparative studies,

social, economic, and infrastructural

contrasting with the progress made by different Latin American
countries. Although there is literature on documented cases related
to cities such as Sao Paulo, Santiago de Chile, and Mexico City, these
are isolated cases that demonstrate the limited research that exists,
which prevents the identification of common patterns, shared
challenges, and transferable strategies between different contexts.
Therefore, the lack of a solid comparative framework limits the
possibility of designing evidence-based regional public policies
(Gbémez et al., 2024).

Another gap is the scarcity of longitudinal studies, which
are needed to measure the long-term effects of implementing
different smart technologies in urban mobility. According to
Hluszko et al. (2024), it is true that there is already a wealth of
literature on the subject, but most of it is limited to pilot
projects or projects with a very short scope, lacking in-depth
analysis of the sustainability and scalability of the solutions
offered to Latin American cities. For this reason, it is difficult to
evaluate technological innovations and their impact on
reducing management, decreasing pollutant emissions, and
saving energy in a sustainable manner over time (Mora
et al., 2021).

Finally, there is a gap in the analysis of the social and ethical
impact of using innovative technologies to improve traffic
management. However, although there are many studies that
focus on highlighting the technical benefits of Big Data, Al and
the IoT, there are very few that examine in depth the risks related to
the privacy of this data and equity of access to different technologies,
which has become, in a way, a form of digital exclusion that only
some can apply. Due to the absence of this critical perspective, there
is limited comprehensive understanding of the cultural and social
implications that accompany the modernization of different urban
mobility systems (Floridi and Cowls, 2019).

3 Methodology

In this study, research documents on technological innovation
for the environmental monitoring of strategic ecosystems
were analyzed.

First, it is important to understand that the term bibliometric
refers to the application of statistical methods to identify research
trends, prominent authors, prominent affiliations, prominent
documents, and other elements in order to provide an overview
of current research work in specific fields (Ellegaard and
Wallin, 2015).

This study adopts a bibliometric analysis complemented by a
structured literature review, aiming to map global scientific
production, identify research trends, and analyze thematic and
regional patterns related to technological innovation for
environmental monitoring of strategic ecosystems.

Although systematic elements were applied during document

selection—such as predefined search equations, inclusion and
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exclusion criteria, and a transparent screening process—the
primary methodological focus of this research is bibliometric,
rather than a conventional systematic review of intervention
effectiveness or outcomes.

Consequently, the study does not strictly adhere to PRISMA,
Cochrane, or Campbell guidelines, which are primarily designed for
systematic reviews assessing causal relationships, interventions, or
clinical and policy effectiveness. Instead, transparency and
reproducibility were ensured through a stepwise bibliometric
workflow, explicitly reported in Figure 4, which details the
numerical filtering and selection of documents at each stage of
the analysis.

This approach is consistent with previous bibliometric studies in
environmental and technological research, where adapted flow
diagrams are commonly used to reflect database-driven screening
processes and metadata-based selection.

This
complemented by a scoping review, following an exploratory

research is designed as a Dbibliometric analysis
logic aimed at mapping the extent, nature, and distribution of
scientific evidence rather than evaluating the effectiveness of
specific interventions.

While elements of systematic screening were applied, the
study does not claim full adherence to PRISMA guidelines, as
its primary objective is not to synthesize causal evidence but to
explore research patterns, thematic structures, and regional
participation. The document selection process is therefore
reported using a bibliometric flow adapted to database-driven
analysis (Figure 4), consistent with established practices in
bibliometric research.

Based on this, a systematic search strategy was used in the
Scopus and ScienceDirect databases, given their recognition for their
broad and multidisciplinary coverage in environmental and
technological sciences. Boolean expressions were used to search
for information wusing the following search equation:
[(“technological innovation” OR “technology innovation” OR
“digital innovation”) AND (“environmental monitoring” OR
“environmental surveillance”) AND (“strategic ecosystem*” OR
“protected area*” OR “ecosystem services”) AND (sustainab* OR
“sustainability”)].

The period considered ranged from 1993 to 2026, yielding a total
of 507 documents published in 288 scientific sources and produced
by 3,309 authors who contributed 5,191 keywords related to
the topic.

Subsequently, considering inclusion and exclusion criteria, it
was recognized that, among the published documents, there was a
wide variety of articles, chapters and books, conferences, and
reviews. In addition, there were publications related to

technological ~innovation applied to the environmental
monitoring of strategic ecosystems and sustainability, both in
English and Spanish.

Duplicate documents, publications without complete metadata,
such as unreported authors, and works outside the thematic scope,
for example, technological innovation in non-environmental
sectors, were then identified and excluded due to the inferior
quality of the information. Thus, after an initial review, duplicate
records and documents that did not contain sufficient information
on authorship or affiliation were eliminated, reducing the set to

approximately 480 documents.
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* Main topic identification: technological innovation and
environmental monitoring.

* Keyword selection: technological innovation, digital innovation,
environmental monitoring, strategic ecosystems, sustainability.

* Definition of the Scopus search equation.

Keywords

* Inclusion: articles, reviews, conferences and chapters in
English and Spanish (1993-2026).
- * Exclusion: duplicates, publications without metadata,
Inclusion / documents outside the environmental theme.

Exclusion

» Database: Scopus.

Search * |nitial results: 507 documents.

» Removal of duplicates and incomplete records — = 480
documents.
* Review of titles, abstracts and keywords — = 350

Selection documents.

» Tools: Bibliometrix (BiblioShiny) and VOSviewer.
» Analysis categories: annual evolution, authors, sources,

Analysis

FIGURE 4

countries, institutions, co-authorship networks and
keyword co-occurrence.

Stages of the bibliometric analysis and document selection process. Note: The flow diagram is adapted for bibliometric analysis and does not
represent a PRISMA flowchart. Source: syntactic definition of bibliometric analysis, own elaboration (2025)

Also, after reading the titles, abstracts, and keywords, those
that did not directly address technological innovation applied to
environmental monitoring and sustainability were excluded.
At this
were retained.

stage, approximately 350 relevant publications

However, after applying the criteria of thematic and
methodological relevance, the 500 documents were included in
the bibliometric analysis, which were processed using
Bibliometrix (BiblioShiny) and VOS viewer to identify trends in
production, collaboration and keyword co-occurrence. This was due
to the quality of the bibliometrics to be published. For this reason,
Bibliometrix (BiblioShiny) was used to extract basic indicators
(annual production, sources, authors, institutions, countries,
and keywords).

Frontiers in Environmental Science

3.1 Document selection criteria and
relevance assessment

The selection of documents followed a structured, multi-stage
process designed to ensure both thematic and methodological
relevance. In the first stage, titles, abstracts, and keywords were
screened to confirm an explicit focus on technological innovation
applied to environmental monitoring, strategic ecosystems, and
sustainability. Publications addressing technological innovation
exclusively in non-environmental sectors—such as industrial
production, finance, healthcare, or urban systems without an
environmental monitoring component—were excluded.

Ensure thematic and methodological relevance, a multi-stage
screening process was applied. First, documents were filtered based
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1993:2026

Authors of single-authored

0

Author’s Keywords (DE)

5191

FIGURE 5
Key information. Source: Own elaboration using Bibliometrix (2025).

Annual Growth Rate

-2.08 %

Documents

507

International Co-Authorship

20.32 %

on titles, abstracts, and keywords to verify their explicit focus on
technological innovation applied to environmental monitoring,
strategic ecosystems, and sustainability. Publications addressing
technological innovation exclusively in non-environmental
sectors (e.g., industrial manufacturing, finance, healthcare, or
purely urban infrastructure without environmental linkage) were
excluded at this stage.

Second, methodological relevance was assessed by identifying
whether  the study empirical  applications,

methodological developments, or analytical discussions related

involved

to environmental monitoring technologies (e.g., remote sensing,
IoT, artificial intelligence, big data, or decision-support systems).
Studies that mentioned sustainability or technology only

tangentially, without a clear environmental monitoring
component, were excluded.
Finally, duplicate records, documents with incomplete

metadata, and publications lacking sufficient information on

authorship or institutional affiliation were removed. This
stepwise process ensured that the final dataset reflected both
conceptual alignment with the research objectives and

methodological consistency with bibliometric analysis.
3.2 Limitations related to database coverage

While the use of Scopus and ScienceDirect ensures high-quality,
peer-reviewed, and internationally visible literature, this choice also
entails certain limitations. Restricting the search to these databases
may introduce a selection bias by underrepresenting regional and
locally produced research, particularly studies published in
languages other than English and indexed in national or
regional databases.

This limitation is especially relevant for regions such as Latin
America and Africa, where a massive portion of applied research on
environmental monitoring and ecosystem management is
disseminated through local journals, institutional reports, or non-
indexed outlets. Consequently, the observed regional disparities in
scientific production should be interpreted not only as differences in
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research activity but also as an effect of structural asymmetries in
global knowledge indexing systems.

Nevertheless, given that the primary objective of this study is
to analyze the international academic landscape and global
research trends, the selection of Scopus and ScienceDirect
was considered methodologically consistent. Future studies
could address this limitation by incorporating regional
databases (e.g., SciELO, RedALyC, African Journals Online)
and multilingual search strategies to deepen the
understanding of contextual drivers behind regional
research gaps.

4 Results

Figure 5 shows the main information on the database of
500 documents covering an analysis period between 1993 and
2026, with a total of 507 documents published in 288 scientific
sources. A total of 3,309 authors participated in this set, collectively
contributing 5,191 keywords related to the field.

The analysis reflects an average of 11.5 co-authors per
which
collaboration,

document, shows a prominent level of scientific

complemented by 20.32% international co-
authorship, an indicator of transnational research networks.
However, the annual growth rate of publications is negative
(-2.08%), suggesting a recent decline in the pace of production,
despite the contemporary relevance of the topic.

In terms of impact, the documents have an average of
10.39 citations per publication, indicating moderate visibility in
the academic community. Finally, the average age of the documents
is 2.87 years, indicating that much of the literature analyzed
corresponds to recent research associated with the rise of
emerging technologies applied to the monitoring and
sustainability of strategic ecosystems.

The evolution of scientific production on technological
innovation applied to the environmental monitoring of strategic

ecosystems shows irregular behavior between 1993 and 2015, with a
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FIGURE 6

Most important affiliations. Source: Own elaboration using Bibliometrix (2025).

sparse number of annual publications and little consolidation of the
field in its early decades.

From 2016 onwards, there has been a progressive increase in the
number of articles, which has intensified significantly since 2020,
reaching its peak in 2025, with more than 170 publications in a single
year. This peak reflects a growing interest from the academic
community, possibly associated with advances in emerging
technologies such as remote sensing, artificial intelligence, the
Internet of Things (IoT) and big data, applied to environmental
sustainability.

The sharp drop in 2026 is due to the inherent bias of incomplete
records for the current year, and not necessarily to an actual decline
in research. In summary, the trend shows that over the last decade,
the topic has positioned itself as a field of high scientific relevance,
intricately linked to global challenges of sustainability, conservation
of strategic ecosystems, and real-time monitoring.

Analysis of publication sources shows that studies on
technological innovation for environmental monitoring of
strategic ecosystems and sustainability are mainly concentrated in
high-impact journals and conferences in the environmental and
technological sciences.

The (Switzerland) with

10 documents, consolidating its position as a key channel for

journal  Sustainability leads
academic dissemination in this field. It is followed by Lecture
Notes in Networks and Systems with 7 publications, and both
E3S Web

Pollution Research with 6 articles each. Other notable sources

of Conferences and Environmental Science and

include Environmental Monitoring and Assessment, International
Journal of Environmental Research and Public Health, Journal of
of  SPIE-The
International Society for Optics and Photonics, and Sensors, all

Environmental =~ Management, Proceedings

with 5 documents.

Figure 6 shows that the category “NOTREPORTED” tops the list
with 21 articles, suggesting publications with no clearly registered
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affiliation. It is followed by prominent institutions such as the
University of Chinese Academy of Sciences with 18 articles, the
Deutschers Zentrum fiir Luft- und Raumfahrt (DLR) with 17, and
the National Technical University of Athens (NTUA) with 13. Four
institutions share the same number of publications (11 articles): the
Leibniz-Institut fiir Agrartechnik und Biodkonomie e.V. (ATB), the
Agricultural Information Institute, the College of Engineering, and
the Parthenope University of Naples. Lastly, the prestigious
Wageningen University and Research, as well as the Energy and
Environmental Research Centre (EERC), each of them contributed
with 10 articles. In this matter of ideas, the distribution highlights
the international participation in scientific production, to which
Europe, Asia and America have had significant contributions,
something that suggests that the field of study may be related to
certain topics like environmental engineering, sustainability, or even
agricultural technology.

Artificial
environmental surveillance based on

intelligence as a technological tool in

its automation and
remote sensing. On the other hand, in Latin America and
Africa,
artificial intelligence (AI), and satellites has made a significant

studies have shown that technology integrating
impact on environmental protection, particularly in the fight
against forest fires and deforestation (Alkhatib et al., 2023). For
instance, in Argentina, the Satellites on Fire platform uses Al to
detect smoke within the first three minutes and hotspots every
Thanks to this, it has
400 incidents, saving thousands of hectares by combining
meteorological and deforestation data (Rodriguez, 2025). In

10 minutes. intervened in over

the Amazon, where platforms such as Pantera operate, Al can
identify fires in remote areas in under three minutes, helping to
prevent CO, emissions and reduce damage across 13.5 million
hectares (BID-Invest, 2024). In Kenya, M-Situ employs Al-
enabled devices to issue early warnings of deforestation and
fires through sound and gas detection, successfully reducing
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Scientific production by country. Source: Own elaboration using Bibliometrix (2025).

illegal logging by 47% and protecting 1,500 ha (EI, 2024; Meliani
and Basti, 2024).

In Canada, researchers have developed a modelling system
based on deep reinforcement learning (DRL) for the strategic
placement of firebreaks, using Deep Q-Learning, Double Deep
Q-Learning and Dueling Double Deep Q-Learning as decision-
making strategies for wildfire management. These approaches
have already been implemented in countries such as Spain and
Chile (Murray et al., 2025).

Regarding pilot projects, notable initiatives include the
(PASF-Br),
partnership with the Italian Government, Brazil and Bolivia
between 1999 and 2008 (Steil et al., 2020). Another pilot
program involved collaboration among Brazil, Japan, Germany,

Programa Amazonia Sem Fogo carried out in

and Australia, focusing on fire management inspired by the
Australian model and using remote sensing technologies to
prevent prescribed burns and large-scale wildfires (Mistry et al.,
2019; Eloy et al., 2019). In addition, a real-time monitoring system
for wildfire prevention and suppression has been developed through
an integrated platform combining IoT sensors, satellite imagery and
meteorological data, as demonstrated in a case study conducted in
the semi-arid region of Brazil (Aratjo et al., 2025).

In relation to pilot projects and collaborative initiatives in Africa,
Tung et al. (2023) highlight a project conducted in twelve protected
forests in Burkina Faso, which utilized remote sensing data on
wildfires alongside community awareness campaigns addressing the
impacts of fire. This initiative also involved the implementation of a
synthetic control program to support wildfire prevention efforts.
Similarly, studies indicate that emerging technologies such as the
Internet of Things (IoT), artificial intelligence and 5G networks are
being deployed in Africa as tools for wildfire management with
support from European partner countries (Pandey et al.,, 2023).
Consequently, Carta et al. (2023) highlights research conducted in
Portugal, Russia and Italy analyzing a range of technologies with
strong potential for integration into early warning systems for
wildfires across African territories.
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Figure 7 shows a world map with various shades of blue, with the
darkest shade of blue showing the countries with the most influence
on the subject under these investigations. China places at the
forefront with 467 published documents and is the only country
with the highest participation and influence. Nevertheless, India is
also one of the most participant countries in this matter with
246 documents and the United States with 126 documents.

It is also clear that there are countries on each continent that
contribute outstandingly and remain in constant contact with the
research  subject, creating relevance in the sense of
noteworthy progress.

On the other hand, in Latin America, Brazil is the most
participant country with 23 documents published. In second
place, Argentina takes the place with 10 papers. Although not
among the main players, Colombia with 6 published documents
has established itself as an important player in this kind of studies.

Although the overall annual growth rate of publications is
negative (-2.08%), this indicator reflects an average calculated
across the entire study period (1993-2026), which includes
prolonged phases of low scientific production during the early
years of the field. This aggregated metric therefore masks the
accelerated growth observed after 2016, when technological
advances and sustainability agendas significantly increased
research output. Additionally, the apparent decline in 2026 is
influenced by incomplete indexing of publications for the
ongoing year, rather than by a genuine reduction in
scientific activity.

The development of scientific production over time reflects the
clear concentration of publications in recent years, with China
leading. The country has experienced exponential growth since
2020, and has reached more than 400 articles by 2025, thus
strengthening its position as a leading country in research on
technological innovations for environmental monitoring of
strategic ecosystems.

In second place is Germany, which has been showing steady

growth since 2020 and is expected to publish more than
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FIGURE 8
Word cloud. Source: Own elaboration using Bibliometrix (2025).

200 publications by 2025, demonstrating its leading role related to
the development of applied engineering and the environmental
technologies. The United States maintains a steady upward
trajectory, reaching around 120 publications in 2025, followed by
India and Italy, with figures close to 100 publications each.
Figure 8 shows a word cloud in which the concept
“environmental monitoring,” which is used more than 100 times
in the database, is the most representative in terms of keywords.
Next is “sustainable development,” with 84 occurrences, which is
another of the key concepts for recognizing the work under study.

»

After these, words such as “innovation,” “artificial intelligence,”

and “internet of things” also appear with considerable frequency.

5 Discussion

The results obtained confirm findings from previous research
that highlight the relevance of remote sensing, IoT, and artificial
intelligence in ecosystem monitoring (Zhu et al., 2025; Poenaru and
Manta, 2025) but broaden their scope by contextualizing them in
strategic Latin American ecosystems. By this, the study aims to
propose an integrative methodological approach, which is the result
between the combination of a bibliometric analysis and a systematic
review, by relying in a conceptual framework.

According to Xu Y. et al. (2024) and Malik et al. (2026), the
dynamism is linked with the global expansion of the digital
technologies, including in this AL IoT and big data. Due to this,
the bibliometric results propose an exponential growth for the
scientific production, mainly since 2016. Then, what affirms Zhao
Y. etal. (2023), is related with the capabilities in the global north, and
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with the leadership of China, United States and Germany, due to the
high concentration of scientific production.

The identified regional gap should therefore be interpreted with
caution, as it reflects not only differences in technological capacity
and research investment, but also the unequal visibility of local
knowledge within dominant international indexing systems. This
highlights the need to complement global bibliometric analyses with
regionally grounded and multilingual approaches.

Nevertheless, despite the advances made, there are gaps specially
in the South, where publication numbers are lower. It could be
caused, mainly, due to poor access to digital infrastructure and
research investment (Uddin et al., 2024). Furthermore, there exists
an inferior quality on identifying risks of the technological
dependence and, those inequalities could not achieve success
standards (Poenaru and Manta, 2025; Hoffmann et al., 2025).

For instance, in Colombia, the key findings are not having a
good integration and implications on scientific revolution, mostly in
the prevention of forest fires, mainly in the Amazon region and the
Orinoqufa. When adapting AI for those understanding, it is
recognized a benefit for strengthen warning capabilities and
integrate in a better way, strategies for adapting an intuitional
presence (Buchelt et al., 2024).

The dominance of countries such as China, Germany, and the
United States in scientific production can be attributed to a
combination of structural and institutional factors. These include
sustained investment in research and development, advanced digital
and satellite infrastructure, strong linkages between academia,
industry, and government, and long-standing national strategies
environmental  innovation and

prioritizing technological

sovereignty.
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In China, large-scale public investment and centralized research
agendas have accelerated the deployment of remote sensing,

artificial intelligence, and IoT-based monitoring systems.
Germany’s leadership is intricately linked to its applied
engineering  tradition, strong environmental governance

frameworks, and participation in European research programs.
Similarly, the United States benefits from diversified funding
sources, mature research ecosystems, and early adoption of data-
intensive environmental technologies.

In contrast, many countries in Latin America and Africa face
constraints related to limited research funding, fragmented
infrastructure, dependence on external technologies, and reduced
access to high-cost data platforms. These disparities contribute to an
uneven global research landscape and partially explain the observed
regional asymmetries in scientific production.

Similarly, the National Police of Colombia has implemented
artificial intelligence (AI) training programs for its officers, focusing
on predictive tools and data analysis that enable rapid responses to
environmental threats. This includes the early detection of fire risks
through machine learning models and geographic alerts (Facuy,
2024), complemented by training and environmental management
initiatives that strengthen officers’ skills in ecosystem protection,
promote active prevention of environmental crimes, and foster
community education in vulnerable areas. Additionally, the
institution has sent teams to international training in India,
where the focus is on using AI to enhance environmental
security, optimize resources, and detect threats such as forest
de 2024).
partnerships have been established with universities, such as the

fires (Policia Nacional Colombia, Furthermore,

University of Caldas, to train patrol officers in data processing and

big data, applying these skills to environmental security
(Universidad de Caldas, 2025).
Artificial intelligence (AI) has become a powerful

technological tool for environmental monitoring. Through
automation and satellite image remote sensing, it is possible to
process large volumes of data to accurately identify changes in
forest cover and anticipate future deforestation hotspots, as
demonstrated in the Colombian Amazon (Tinoco et al., 2025).
Similarly, unmanned vehicle systems have emerged for
monitoring aquatic ecosystems (Liu et al., 2025). In addition,
programs, networks, and databases have been developed to
support environmental monitoring and assessment, aiding
decision-making in ecosystem conservation and management
(Verma et al., 2025). Moreover, technologies such as machine
learning (ML) hold significant potential for transforming applied
data, providing tools that enable the effective prediction,
monitoring, organization, and recording of ecosystem
biodiversity anywhere in the world (Khaskheli et al., 2025).

From a methodological perspective, this study prioritizes
bibliometric mapping over systematic synthesis, which allows for
the identification of global patterns and structural research gaps,
while acknowledging the need for future PRISMA-compliant
systematic reviews focusing on regional or intervention-
based evidence.

Therefore, considering Asia as an influent continent, contribute
to the study made, where they use drones and machine learning for
identifying fire outbreaks and produce a real-time risk map (Zhu

et al, 2025). Aligned with it, it is proved that technological
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sustainability depends the most, on the social and political
legitimacy (Buchelt et al., 2024).

Although Scopus and ScienceDirect provide extensive coverage
of high-impact and peer-reviewed literature, their use may entail
certain limitations. Research outputs disseminated through regional
journals, institutional repositories, or publications in languages
other than English may be underrepresented. As a result, some
locally grounded or context-specific studies—particularly from
regions in the Global South—may not be fully captured in the
present analysis.

Moreover, the limitations presented are related with the lack of
sources that could not be integrated then, in future investigations. As
there is unregistered local literature, there is not the possibility to
enrich analysis. But this discussion opens a debate about
effectiveness in the reduction of global asymmetries, and how
can it be articulated with local knowledge and the design of
public policies.

From a methodological perspective, the observed regional
disparities should be interpreted cautiously. The exclusive
reliance on highly indexed databases may have contributed to a
systematic underrepresentation of regional research and non-
English publications, reinforcing the visibility of research from
the Global North. This limitation highlights the need for future
bibliometric and scoping studies to incorporate regional databases
and multilingual search strategies to achieve a more inclusive
representation of global knowledge.

6 Conclusion

This study revealed a significant increase in scientific production
linked to technological innovation aimed at environmental
monitoring of strategic ecosystems, especially since 2016. Tools
IoT-based
networks, and artificial intelligence systems have positioned

such as satellite remote sensing, smart sensor
themselves as the principal areas of research development, with
China, Germany, and the United States leading the way. Even so, the
low participation of regions such as Latin America and Africa
reflects the persistence of wide gaps in terms of access to
resources, investment in science, and technological infrastructure.

The results emphasize the importance of moving toward greater
technological integration and the creation of participatory
monitoring models, where local knowledge is articulated with
digital advances. In particular, the application of artificial
intelligence-driven predictive systems in police training and
community environmental education programs is presented as a
key strategy for preventing forest fires in particularly fragile areas
such as the Amazon, the Orinoquia, and the center of the country.
However, the success of these initiatives will depend on overcoming
structural obstacles related to connectivity, institutional capacity,
and responsible data management.

On the other hand, studies conducted in Colombia and the
Neotropical region by the Humboldt Institute between 2023 and
2024, on the use of Al as a tool for conservation and the sustainable
use of natural resources (Canas et al, 2025), highlight the
importance of technology as a local alternative resource.
Similarly, in the same region, Ecuador has been applying Al to

analyze ecosystem dynamics and variations in Argentina, Brazil,
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Chile, Colombia, and Uruguay, promoting government co-
responsibility through the development of public policies aimed
at their protection (Martinez, 2023).

The analysis also highlights the lack of attention to the ethical
and social aspects of new technologies applied to environmental
management. Issues such as privacy protection, equal access, and
digital sovereignty are essential factors in ensuring that
technological processes maintain legitimacy and sustainability.
Consequently, both governments and communities need to direct
their efforts toward creating technological projects that promote
fair and responsible environmental management in the near
future. In particular, the application of predictive systems
based on artificial intelligence in police training and
community environmental education programs is presented as
a key strategy for the prevention of forest fires in particularly
fragile areas such as the Amazon, the Orinoquia and the center of
the country.

Similarly, the study presents an innovative conceptual
that

indicators in order to anticipate areas at greatest risk of

model integrates climate and socio-environmental
forest fires. This approach reinforces prevention and can be
adapted to other tropical ecosystems. In turn, the findings
provide valuable tools for the design of public policies
focused on ecological restoration, territorial planning, and
disaster risk reduction, thus

promoting  long-term

environmental sustainability.

7 Ethical, privacy, and accessibility
considerations in vulnerable regions

The increasing adoption of advanced technologies for
environmental monitoring—such as remote sensing, artificial
intelligence, Internet of Things (IoT), and large-scale data
analytics—raises important ethical, privacy, and accessibility
concerns, particularly in vulnerable and marginalized regions.
While these tools offer significant potential for improving
environmental governance and ecosystem protection, their
deployment is not ethically neutral.

From an ethical perspective, the use of high-resolution
monitoring exacerbate

technologies may

asymmetries if data collection, processing, and interpretation

existing power

remain controlled by external actors or institutions from the
Global North. This lead
dependency and data extractivism, where local communities

can to forms of technological

contribute data but have limited access to its benefits or
decision-making processes.

Privacy concerns are also relevant, especially in contexts were
environmental monitoring overlaps with inhabited territories,
indigenous lands, or informal settlements. The collection of
geospatial and sensor-based data may unintentionally expose
sensitive information related to livelihoods, land use, or
community practices, underscoring the need for context-sensitive
data governance frameworks.

Accessibility represents an additional challenge. High costs
associated with advanced monitoring infrastructure, limited
digital connectivity, and insufficient technical capacity may

restrict the adoption and long-term sustainability of these
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technologies in low-resource settings. Without targeted capacity-
building initiatives and inclusive policy design, technological
innovation risks reinforcing existing inequalities rather than
reducing them.

Addressing these challenges requires the integration of ethical
guidelines, participatory approaches, and capacity-strengthening
strategies that ensure local ownership of data, respect for
community rights, and equitable access to technological benefits.
Future research and policy initiatives should therefore prioritize not
only technological efficiency, but also social justice, inclusiveness,
and ethical responsibility.

7.1 Policy implications for low-
resource contexts

The results of this research carry important implications for
policy actors aiming to encourage the uptake of artificial intelligence
(AI) and remote sensing technologies in environmental monitoring,
particularly in settings marked by financial, technical, and
institutional constraints. The bibliometric analysis reveals a dual
trend: a rapid growth in the use of these technologies alongside
enduring regional inequalities that limit their diffusion across the
Global South.

From a policy perspective, greater emphasis on open-access
satellite data and open-source analytical tools can serve as an
effective entry point. The availability of platforms such as
Landsat, Sentinel and cloud-based geospatial environments helps
reduce initial investment requirements and enables public
institutions to establish monitoring and early warning
capabilities without dependence on costly proprietary systems.

Moreover, evidence suggests that AI- and remote sensing-based
monitoring initiatives are more effective when implemented
through gradual and scalable pathways. Pilot projects targeting
high-risk or strategically relevant ecosystems can support
institutional learning and adaptation, facilitating subsequent
expansion as governance structures and technical expertise

develop.  Such approaches
appropriate in contexts characterized by uncertainty regarding

incremental are particularly
long-term financing and digital infrastructure.

The long-term viability of these technologies is also strongly
associated with institutional capacity-building. Policy frameworks
that prioritize skills development in data interpretation, AlI-
supported decision-making and ethical data governance enhance
the ability of environmental authorities and enforcement bodies to
sustain technological use. In this regard, collaboration with
academic institutions and international partners plays a key role
in knowledge exchange while helping to minimize technological
dependency.

In addition, the involvement of local communities represents
a significant enabling condition for effective monitoring systems.
Integrative approaches that combine Al-based analysis with
community-led observation and local knowledge can improve
data reliability, lower operational costs, and strengthen social
acceptance. Such participatory models contribute to more
adaptive and locally grounded forms of environmental
governance.

Taken together, these considerations indicate that the

successful adoption of AI and remote sensing in low-resource
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contexts is shaped less by technological complexity than by coherent
policy design, institutional integration and inclusive implementation
strategies aligned with broader sustainability goals.

7.2 Future lines of research

In recent years, the use of innovative technologies for
environmental monitoring has become an area of growing scientific
and social importance. This advance has been made possible by the
progress of tools such as artificial intelligence, the Internet of Things
(IoT), and big data analysis. The dynamism of this field has driven a
notable increase in international research and publications; however,
significant inequalities persist between countries in the global North
and South. In this scenario, challenges remain in relation to adapting
technologies to regional realities, integrating local knowledge,
managing data ethically and transparently, and creating public
policies based on scientific evidence. The lines of research proposed
in this study seek to address these gaps by exploring inclusive, scalable,
and ethically responsible models of environmental innovation, with a
particular focus on regions of high ecological vulnerability such as
Latin America and Africa.

7.2.1 Ethical and governance considerations

The adoption of artificial intelligence (AI) and remote sensing
technologies for environmental monitoring raises significant ethical
and governance challenges, particularly in resource-constrained
data
the collection,

contexts. Among these, sovereignty is of particular

importance, as storage and processing of
environmental information often rely on external platforms,
potentially limiting local control over strategic data. In this
regard, strengthening governance frameworks that clearly define
data ownership, access rights and responsible data use is essential.

In addition, the expansion of Al-based monitoring systems
introduces challenges related to privacy and the ethical use of
information. Although environmental data are not always
considered sensitive, their integration with geospatial and socio-
environmental information may generate indirect risks for local
communities. This underscores the need for principles of
data
unintended or secondary uses of collected data.

transparency, minimization and safeguards against

Finally, the inclusion of local and marginalized communities
represents a central ethical dimension of Al-enabled environmental
monitoring. In the absence of effective participatory mechanisms,
these technologies risk reproducing existing inequalities. Integrating
local knowledge and participatory monitoring approaches
contributes to more inclusive, legitimate, and socially robust

forms of environmental governance.
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