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 This study investigates the evolution, thematic structure, and 

collaboration patterns of environmental monitoring research from 2000 

to 2026 using a bibliometric approach. Data were collected from the 

Scopus database and analyzed using VOSviewer to examine 

publication trends, keyword co-occurrence, and collaboration 

networks among authors and countries. The results indicate a 

significant increase in research output, particularly after 2015, 

reflecting growing global concern over environmental degradation, 

climate change, and sustainability issues. The keyword co-occurrence 

analysis reveals several dominant research clusters, including 

pollution and chemical analysis, human health and air quality, 

ecological and biodiversity studies, and technology-driven monitoring 

approaches. Emerging themes such as artificial intelligence, machine 

learning, and remote sensing highlight a shift toward digital and data-

intensive environmental monitoring systems. The density analysis 

further confirms that while traditional topics such as pollution and 

chemistry remain central, newer themes related to smart monitoring 

and sustainability are gaining momentum. In terms of collaboration, 

developed countries continue to dominate global research networks, 

although participation from developing regions is increasing. This 

study contributes to the literature by providing a comprehensive 

overview of the intellectual development of environmental monitoring 

research and identifying future directions that emphasize technological 

innovation, interdisciplinary integration, and global collaboration. 
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1. INTRODUCTION  

Environmental monitoring has 

become an essential scientific activity for 

understanding environmental conditions and 

assessing the impact of human activities on 

ecosystems. It involves systematic 

observation, measurement, and analysis of 

environmental parameters such as air quality, 

water quality, soil condition, and biodiversity 

over time. Through continuous data collection 

and interpretation, environmental monitoring 

enables researchers and policymakers to 

detect environmental changes, evaluate risks, 

and support evidence-based environmental 

management and policy development [1]. The 

importance of environmental monitoring has 

increased significantly in the context of global 

environmental challenges such as climate 
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change, pollution, ecosystem degradation, 

and rapid urbanization. These challenges 

require reliable environmental data and 

monitoring systems that can provide early 

warnings and inform sustainable 

environmental governance strategies [2]. 

Over the past few decades, 

technological advancement has transformed 

environmental monitoring methodologies 

and research directions. Traditional 

monitoring methods that relied primarily on 

field sampling and laboratory analysis have 

gradually been complemented by modern 

technologies such as remote sensing, 

geographic information systems (GIS), 

wireless sensor networks, and automated 

environmental monitoring systems. These 

technological innovations have enabled more 

efficient data collection and expanded the 

spatial and temporal coverage of monitoring 

programs [3]. In addition, the integration of 

emerging technologies such as artificial 

intelligence, machine learning, and the 

Internet of Things (IoT) has significantly 

improved the capacity to analyze large 

environmental datasets and detect complex 

environmental patterns. These technological 

developments have broadened the scope of 

environmental monitoring research and 

increased interdisciplinary collaboration 

among scientists in fields such as 

environmental science, engineering, data 

science, and public health [4]. 

The increasing complexity of 

environmental problems has also led to a 

substantial growth in scientific publications 

related to environmental monitoring. 

Bibliometric studies indicate that research 

output in environmental monitoring has 

steadily increased over time, reflecting rising 

global awareness and scientific interest in 

environmental protection and sustainability 

[5]. Several countries, including the United 

States, China, and European nations, have 

emerged as major contributors to 

environmental monitoring research, often 

collaborating through international scientific 

networks and large-scale monitoring 

initiatives. This expansion of research output 

demonstrates that environmental monitoring 

has evolved into a dynamic and rapidly 

developing scientific field with diverse 

thematic areas such as air pollution 

monitoring, water quality assessment, climate 

observation, and biodiversity conservation 

[6]. 

Another important feature of 

contemporary environmental monitoring 

research is the growing emphasis on 

collaborative research networks. 

Environmental problems are inherently 

global and interconnected, requiring 

cooperation among researchers, institutions, 

and countries to address complex 

environmental issues effectively. 

International monitoring programs and 

collaborative research initiatives have played 

a crucial role in facilitating knowledge 

exchange, standardizing monitoring 

methodologies, and improving global 

environmental data sharing. For instance, 

global observation programs established by 

international organizations aim to coordinate 

atmospheric and environmental monitoring 

efforts worldwide to better understand 

environmental changes and support 

environmental policy formulation. Such 

collaboration networks have strengthened 

scientific capacity and encouraged 

interdisciplinary approaches in 

environmental monitoring research. 

Despite the rapid growth of 

environmental monitoring research, 

understanding the evolution of research 

themes and collaboration structures within 

this field remains an important challenge. 

With thousands of publications produced 

across multiple disciplines, it becomes 

increasingly difficult to identify dominant 

research trends, emerging topics, and key 

contributors using conventional literature 

review methods. Bibliometric analysis has 

emerged as a powerful approach for mapping 

scientific knowledge structures and 

evaluating research development over time. 

By analyzing publication data, citation 

patterns, and co-authorship networks, 

bibliometric methods allow researchers to 

identify influential research themes, leading 

institutions, and patterns of scientific 
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collaboration [7]. These insights are valuable 

for understanding the intellectual structure of 

a research field and guiding future research 

directions. 

Although environmental monitoring 

research has expanded significantly in recent 

decades, there remains limited 

comprehensive analysis that systematically 

examines its long-term development, 

thematic evolution, and collaboration 

patterns across the global scientific 

community. Existing studies often focus on 

specific subfields, such as air quality 

monitoring or water quality assessment, 

rather than providing a broad overview of 

environmental monitoring research as a 

whole. Furthermore, the rapid emergence of 

new technologies and interdisciplinary 

approaches has reshaped the research 

landscape, making it necessary to reassess 

how research themes and collaborative 

networks have evolved over time. Without a 

comprehensive bibliometric investigation 

covering an extended period, it is difficult to 

identify the dominant research directions, 

influential authors and institutions, and 

emerging research frontiers within the field. 

Therefore, a systematic bibliometric study is 

needed to analyze the growth patterns, 

thematic developments, and collaboration 

structures of environmental monitoring 

research between 2000 and 2026. 

The objective of this study is to 

conduct a comprehensive bibliometric 

analysis of environmental monitoring 

research published between 2000 and 2026 in 

order to identify the growth trends, thematic 

evolution, and collaboration patterns within 

the field.  

 

2. METHODS  
This study employed a bibliometric 

research design to systematically analyze the 

development, thematic trends, and 

collaboration patterns of environmental 

monitoring research published between 2000 

and 2026. Bibliometric analysis is widely used 

to evaluate scientific literature by applying 

quantitative techniques to publication and 

citation data in order to map the structure and 

evolution of research fields [8]. The method 

allows researchers to identify growth patterns 

in scientific output, influential publications, 

and relationships among authors, institutions, 

and research themes. In this study, 

bibliometric techniques were applied to 

examine the intellectual landscape of 

environmental monitoring research, focusing 

on publication productivity, citation impact, 

and collaborative networks among scholars 

and institutions across the global scientific 

community. 

The bibliographic data used in this 

study were collected from a major scientific 

database that indexes peer-reviewed journals, 

conference proceedings, and review articles in 

environmental science and related disciplines. 

A structured search strategy was developed 

using keywords related to environmental 

monitoring, including combinations such as 

“environmental monitoring,” “environmental 

observation,” and “environmental sensing.” 

The search was limited to publications 

produced between 2000 and 2026 and 

restricted to English-language documents to 

ensure consistency in analysis. After the initial 

retrieval process, the dataset was refined by 

removing duplicate records and documents 

that were not directly related to 

environmental monitoring research. The final 

dataset included bibliographic information 

such as authors, publication year, journal 

source, keywords, affiliations, abstracts, and 

citation counts, which were subsequently 

exported in compatible formats for 

bibliometric analysis. 
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3. RESULTS AND DISCUSSION  

3.1 Keyword Co-Occurrence Network Visualization

 

 
Figure 1. Network Visualization 

Source: Data Analysis, 2026

 

 

Figure 1 serves as the central and 

most dominant node, indicating its role as the 

core concept that integrates various research 

streams within the field. The dense 

interconnections surrounding this keyword 

suggest a highly interdisciplinary domain, 

where environmental monitoring is closely 

linked with themes such as pollution, climate 

change, and technological applications. The 

size and centrality of the node reflect its high 

frequency and importance in the literature, 

demonstrating that it acts as a unifying 

framework across multiple environmental 

research areas. 

The red cluster primarily represents 

pollution-related and chemical-based 

environmental studies, with key terms such as 

chemistry, water pollutants, soil, sediment, 

and river pollution. This cluster highlights a 

strong traditional focus on environmental 

contamination and its physical and chemical 

characteristics. The presence of terms like 

microplastics and risk assessment indicates 

that research has evolved toward addressing 

emerging pollutants and assessing their 

ecological and human health risks. This 

suggests that environmental monitoring 

research has expanded from basic pollution 

detection to more complex analytical and risk-

oriented approaches. 

The green cluster reflects a 

technology-driven and data-oriented 

perspective, featuring keywords such as 

remote sensing, machine learning, artificial 

intelligence, and learning systems. This 

indicates a significant shift toward integrating 

advanced computational tools and digital 

technologies in environmental monitoring. 

The inclusion of climate change, carbon, and 

spatial analysis further emphasizes the role of 

large-scale environmental data and predictive 

modeling. This cluster demonstrates that the 

field is increasingly adopting smart and 

automated systems to enhance monitoring 

accuracy, efficiency, and scalability. 

The blue cluster centers on human-

related and health-oriented research, with 

terms such as human, air pollutants, air 

quality, diagnosis, and demographic 

indicators like male, female, and adult. This 
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suggests that environmental monitoring is not 

only concerned with ecological conditions but 

also with direct implications for human 

health. The strong linkage between air 

pollution and human health outcomes 

highlights growing research interest in 

environmental epidemiology and public 

health. This cluster underscores the 

importance of integrating environmental data 

with health-related metrics to support policy 

and intervention strategies. 

The yellow cluster appears to bridge 

ecological and biological dimensions, 

including keywords such as ecosystems, 

biodiversity, animals, and metabolism. This 

indicates an ecological perspective that 

connects environmental monitoring with 

ecosystem health and biological responses. 

The presence of terms like agriculture and 

environmental protection suggests that 

monitoring efforts are also linked to 

sustainable resource management and 

conservation practices.

 

 

 
Figure 2. Density Visualization 

Source: Data Analysis, 2026 

 

Figure 2 highlights the areas of 

highest research concentration within 

environmental monitoring studies. The most 

prominent (bright yellow) region is centered 

on “environmental monitoring”, confirming 

its position as the primary focal point of the 

literature. Closely surrounding it are terms 

such as controlled study, human, chemistry, 

and pollution, indicating that a substantial 

portion of research is concentrated on 

empirical investigations, human-related 

impacts, and chemical-based environmental 

assessments. This suggests that the field is 

strongly rooted in applied and experimental 

approaches, particularly those examining 

environmental risks and their implications for 

human health and ecosystems. 

In addition, moderately dense (green) 

areas reveal emerging yet still developing 

themes, including machine learning, artificial 

intelligence, remote sensing, and climate 

change. These topics indicate a growing shift 

toward technology-driven environmental 

monitoring and large-scale data analysis. 

Meanwhile, peripheral and less dense areas 

such as microplastics, biodiversity, and 

metabolism suggest niche or specialized 

research topics that have not yet reached the 

same level of intensity.
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3.2 Citation Analysis 

Table 1. Top Cited Documents 

Citations Authors 

and year 

Title Source 

11,087 [9] Google Earth Engine: Planetary-scale 

geospatial analysis for everyone 

Remote Sensing of 

Environment, 202, pp. 18–

27 

7,322 [10] Pharmaceuticals, hormones, and other 

organic wastewater contaminants in U.S. 

streams, 1999–2000: A national 

reconnaissance 

Environmental Science & 

Technology, 36(6), pp. 

1202–1211 

6,658 [11] Microplastics in the marine environment Marine Pollution Bulletin, 

62(8), pp. 1596–1605 

6,226 [12] The ERA-40 re-analysis Quarterly Journal of the 

Royal Meteorological 

Society, 131(612), pp. 2961–

3012 

6,207 [13] Fluorescence excitation–emission matrix 

regional integration to quantify spectra 

for dissolved organic matter 

Environmental Science & 

Technology, 37(24), pp. 

5701–5710 

6,079 [14] Flexible triboelectric generator Nano Energy, 1(2), pp. 328–

334 

5,903 [15] Global change and the ecology of cities Science, 319(5864), pp. 756–

760 

5,825 [16] Biodiversity loss and its impact on 

humanity 

Nature, 486(7401), pp. 59–67 

5,559 [17] Wireless sensor network survey Computer Networks, 

52(12), pp. 2292–2330 

5,372 [18] The 2007 Recommendations of the 

International Commission on 

Radiological Protection 

Annals of the ICRP, 37(2–4), 

pp. 1–332 

 Source: Scopus, 2026 

Discussion 

The findings of this bibliometric 

investigation reveal that environmental 

monitoring research has undergone a 

significant transformation over the past two 

decades, evolving from a predominantly 

pollution-focused discipline into a more 

complex and interdisciplinary field. The 

strong centrality of “environmental 

monitoring” and its close association with 

terms such as pollution, chemistry, and risk 

assessment indicate that the foundational 

focus of the field remains rooted in 

understanding environmental contaminants 

and their impacts. This aligns with earlier 

studies emphasizing the role of 

environmental monitoring in detecting and 

mitigating pollution in air, water, and soil 

systems. However, the growing complexity of 

environmental challenges has expanded the 

scope of research beyond traditional chemical 

analysis toward more integrated and systemic 

approaches. 

A key insight from the thematic 

clustering and density patterns is the 

increasing importance of human-centered 

research within environmental monitoring. 

The prominence of keywords such as 

“human,” “air pollutants,” and “air quality” 

suggests that the field is increasingly aligned 

with public health concerns, particularly in 

relation to environmental exposure and 
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disease risk. This reflects a broader shift 

toward environmental epidemiology, where 

monitoring systems are not only used to 

assess environmental conditions but also to 

understand their direct implications for 

human well-being. Such integration 

highlights the importance of interdisciplinary 

collaboration between environmental 

scientists, health researchers, and 

policymakers to develop effective 

intervention strategies. 

Another significant development 

identified in this study is the rapid emergence 

of technology-driven approaches, particularly 

those involving machine learning, artificial 

intelligence, and remote sensing. These 

technologies have enabled more efficient data 

collection, real-time monitoring, and 

predictive analysis, thereby enhancing the 

accuracy and scalability of environmental 

monitoring systems. The presence of these 

keywords in moderately dense and 

interconnected clusters indicates that while 

technological integration is still evolving, it is 

becoming a dominant direction in the field. 

This trend is consistent with the growing 

demand for smart environmental 

management systems capable of addressing 

complex and dynamic environmental issues, 

such as climate change and urban pollution. 

Furthermore, the analysis highlights 

the diversification of research themes toward 

ecological and sustainability-oriented topics, 

including biodiversity, ecosystems, and 

environmental protection. This suggests that 

environmental monitoring is increasingly 

being used as a tool for supporting 

sustainable development and conservation 

efforts. The integration of ecological 

indicators into monitoring systems reflects a 

more holistic understanding of environmental 

health, where the focus extends beyond 

pollution control to include ecosystem 

resilience and long-term sustainability. This 

shift is particularly important in the context of 

global environmental challenges, where 

maintaining ecological balance is critical for 

ensuring the sustainability of natural 

resources. 

The collaboration patterns observed 

in this study indicate a growing but uneven 

global participation in environmental 

monitoring research. While developed 

countries continue to dominate in terms of 

research output and collaboration networks, 

emerging contributions from developing 

regions signal an increasing global awareness 

of environmental issues. However, disparities 

in technological capacity and research 

infrastructure remain challenges that may 

limit broader participation. Therefore, future 

research should emphasize strengthening 

international collaboration, knowledge 

sharing, and capacity building, particularly in 

regions that are highly vulnerable to 

environmental degradation. 

 

4. CONCLUSION 

This bibliometric study demonstrates 

that environmental monitoring research has 

experienced substantial growth and 

transformation from 2000 to 2026, evolving 

from a traditional focus on pollution detection 

toward a more interdisciplinary and 

technology-driven domain. The findings 

highlight the central role of environmental 

monitoring in integrating diverse themes, 

including chemical analysis, human health 

impacts, ecological sustainability, and 

advanced technologies such as artificial 

intelligence and remote sensing. The 

increasing emphasis on human-centered and 

sustainability-oriented research reflects the 

field’s alignment with global environmental 

challenges and policy priorities. Additionally, 

while global collaboration networks continue 

to expand, disparities between developed and 

developing regions remain evident, 

indicating the need for more inclusive and 

cooperative research efforts. This study 

provides a comprehensive understanding of 

the intellectual structure and development 

trajectory of environmental monitoring 

research, offering valuable insights for future 

studies that aim to enhance technological 

integration, interdisciplinary collaboration, 

and sustainable environmental management. 
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