
Introduction

Water is a fundamental resource for life and economic 
advancement, impacting sectors such as drinking, agriculture, 
industry, and recreation (Adeyeye et al. 2020). However, 
increasing population growth and industrial expansion are 
compromising water quality and availability (Dawood et al. 
2021), leading to severe issues like eutrophication caused by 
excessive nutrient loading (Damanik et al. 2024). Urbanization 
and inadequate waste management, particularly in developing 
countries, exacerbate pollution, affecting aquatic ecosystems 
and leading to sedimentation problems (Vane et al. 2022). 
Contaminants, including organic and inorganic pollutants, 
further degrade water quality and disrupt ecosystems (Huang 
et al. 2021). For example, River Gudenå in Denmark has 
experienced a significant water quality decline and fish stock 
reduction due to nutrient enrichment exacerbated by aquatic 
weed proliferation (Paraskevi et al. 2022). These challenges 
highlight the need for balanced development and environmental 

protection to effectively manage water resources (Muhirwa et 
al. 2022). Continual monitoring and accurate modelling of 
water quality are essential for managing pollution and ensuring 
sustainable water resource management (Syeed et al. 2023, 
Tanjung et al. 2024). 

Monitoring water dynamics in aquatic environments is 
challenging due to various environmental factors such as 
internal loads, hydrodynamic mixing, and nutrient recycling 
(Sun et al. 2024). This complexity often makes it difficult 
to interpret limited data accurately (Yuan et al. 2020). Key 
issues that need to be addressed for effective monitoring 
include optimizing sampling frequencies (Jiang et al. 2020, 
Li et al. 2021), selecting relevant variables and indicators 
(Acuña-Alonso et al. 2021), and adapting to environmental 
changes and unexpected events (Zhang et al. 2022). Special 
emphasis should be placed on anthropogenic impacts, such 
as soil leaching and wastewater discharge, as shown in 
studies from various locations (Czatzkowska et al. 2022). 
Real-time monitoring systems (RMS), including those using 
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advanced sensor algorithms and geographic distribution 
methods, are crucial for accurate data collection and anomaly 
detection (Khan et al. 2021). The development of integrated 
monitoring systems (Ighalo et al. 2021) along with the use of 
technologies like Unmanned Aerial Systems (UAS) (Vélez-
Nicolás et al. 2021) and spatial modeling (SM) (Zabłocki et 
al. 2022) has shown promise in improving environmental 
monitoring. Nonetheless, challenges remain, including system 
maintenance, sensor reliability, and the need for extensive 
monitoring points to accurately assess nutrient concentrations 
(Łaszczyca et al. 2023). 

Recent studies on watershed-scale water quality monitoring 
highlight diverse approaches to tackling pollution and 
improving assessment methods. Yuan et al. (2020) reviewed 
nonpoint source pollution models, analyzing their suitability for 
watershed applications, while Chow et al. (2020) emphasized 
the need for extensive pesticide monitoring to account for 
variable application rates and hydrological influences on water 
quality. Matos et al. (2024) explored turbidity and sediment 
monitoring techniques, including advancements in optical 
and satellite imaging technologies. Anyango et al. (2024) 
addressed agricultural water quality management, proposing 
key assessment metrics and policy measures. Locke (2024) 
reviewed statistical methods for analyzing land use impacts 
on water quality, highlighting geographic and methodological 
gaps. Aloui et al. (2023) assessed the effectiveness of the Soil 
and Water Assessment Tool (SWAT) model in Mediterranean 
watersheds, calling for improved data inputs. Razguliaev et al. 
(2024) examined continuous stormwater monitoring, stressing 
the importance of adaptive sensor and data management 
techniques for accurate assessments.

Previous studies have extensively covered water quality 
monitoring at the watershed level across various regions 
globally (Behmel et al. 2016, Giri, 2021). Many review articles 
have examined advanced methods for addressing water quality 
challenges (Topp et al. 2020, Uddin et al. 2021, Uddin et al. 
2022). However, no review has focused on how watershed-
scale water quality monitoring contributes to sustainable water 
resource management, particularly in developing countries. 
Additionally, earlier reviews in this field often rely on a single 
application perspective for analyzing bibliometric trends. This 
study aims to fill this gap by conducting a bibliometric review 
of research trends in watershed-scale water quality monitoring 
using RMS and SM. It employs tools such as VOSviewer and 
Orange Data Mining to map and analyze bibliometric trends, 
identify potential research gaps, and suggest future research 
directions. Furthermore, this study will also explore previous 
research on RMS and SM monitoring in developing countries, 
an area that has not been covered in earlier reviews.

Materials and methods

This review utilizes the Systematic Literature Network Analysis 
(SLNA) method, integrating systematic literature review and 
bibliometric analysis to examine research trends in RMS and 
SM for watershed-scale water quality management (Ikhlas 
and Ramadan, 2024). A four-phase framework was developed, 
following PRISMA 2020 guidelines (Page et al. 2021), to 
address the study’s research questions. A series of research 
questions that emerge in this study are as follows: (Q1) What 

are the research interests over the past 20 years regarding using 
RMS and SM for managing water resources at the watershed 
scale? (Q2) What research gaps exist in the monitoring of 
water quality at the watershed level using RMS and SM? (Q3) 
To what extent have studies on RMS and SM been conducted 
in developing countries? The review process consists of four 
distinct phases: phase 1: literature examination and database 
selection, phase 2: application of screening criteria, phase 3: 
bibliometric and content analyses, and phase 4: discussion of 
findings, with an emphasis on identifying research gaps and 
drawing conclusions. The search utilized Boolean operators to 
connect keywords and expand the scope, selecting documents 
published between 2005 and 2024 (Pranckutė, 2021, Zheng 
et al. 2020). Various document types, publication statuses, 
and access levels were included (Table 1), while irrelevant 
documents were excluded after thorough manual reviews. The 
applied keywords are listed below. 

Keywords 1: �TITLE-ABS-KEY (spatial AND modeling OR 
real AND time AND monitoring AND system 
OR modeling) 

Keywords 2: �TITLE-ABS-KEY (river OR stream OR creek 
OR channel OR waterway OR watershed)

Keywords 3: �TITLE-ABS-KEY (water AND quality)

For bibliometric analysis, VOSviewer was employed to 
visualize keyword co-occurrence trends, providing insights 
into global research collaboration on RMS and SM topics 
(Ejaz et al. 2022). The co-occurrence of keywords was 
analyzed to identify frequently discussed topics, employing 
two visualization types—cluster display and overlay display—
to show topic clustering and temporal trends (Chen et al. 
2016, Gao et al. 2021). Additional visualizations, created 
using Origin and Quantum GIS software, showcased annual 
publication counts and the geographic distribution of citations. 
These analyses provided a comprehensive overview of the 
global evolution of RMS and SM research over the last two 
decades. The study also evaluated citation metrics across 
the top 20 countries, visualizing the number of citations per 
document to highlight impactful contributions in the field. 

In the topic analysis, Orange Data Mining tools were used 
to extract key topics from titles, abstracts, and author keywords 
(Fig. 1), employing Latent Dirichlet Allocation (LDA) to model 

Table 1. Specifics of retrieval configuration 

Exclusion criteria Filters employed

Open access All Open Access, Gold, Hybrid Gold, 
Bronze, Green

Time span 2005 – 2024

Document type Article, Conference Paper, Conference 
Review, Review, Book Chapter, Note, Book 

Publication stage Final

Source type Journal, Conference Proceeding, Book 
Series, Book, Trade Journal

Language English

Retrieval time Tuesday, July 9, 2024
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thematic structures (Han, 2020). LDA helped uncover hidden 
topics, facilitating a better understanding of recurring themes and 
improving document classification and trend analysis (Madzík 
and Falát, 2022, Tomojiri et al. 2022, Wibowo et al. 2024). 
Qualitative content analysis was conducted following Lindgren 
et al. (2020) to interpret core content within the selected literature. 
This approach involved decontextualizing and recontextualizing 
meaning units to identify patterns and themes within the text. 
The process of condensing and coding meaning units ensured 
a balance between abstraction and interpretation, ensuring 
an in-depth analysis. By integrating these methodologies, the 
study offers a thorough exploration of RMS and SM research, 
highlighting knowledge gaps and emerging trends in water 
quality monitoring at the watershed scale.

Bibliometric analysis

Ongoing studies trends
The research trends for RMS and SM were analyzed by 
screening 277 documents, narrowing the focus to 107 directly 
relevant studies (Fig. 2). Bibliometric analysis of RMS and 
SM research from 2005 to 2024 reveals a steady growth in 
publications, with notable peaks in 2013 and between 2020-
2023, reflecting increasing global interest in these technologies. 
The early growth was moderate, with a sharp rise in 2013 
coincided with advancements in monitoring and modelling 
tools (Hojjati-Najafabadi et al. 2022). After some fluctuations 
from 2014 to 2019, the field experienced a surge in research 
activity driven by the adoption of Internet of Things (IoT) 

Fig. 2. Publication frequency per year.

Fig. 1. Topic analysis using Orange Data Mining.
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and satellite technologies (Sagan et al. 2020). This growth 
culminated in a peak of 29 publications in 2022 and 28 in 2023. 
Although 2024 shows a slight decline, the overall trend denotes 
a sustained and evolving focus on RMS and SM applications 
for environmental monitoring and resource management.

The analysis of contributions in real-time monitoring 
systems and spatial modeling highlights significant disparities 
between research quantity and impact across countries. The 
United States leads with 32 publications, followed by China 
with 18 and Australia with 11, reflecting their dominance 
in research output (Fig. 3a). Indonesia, notably, is the only 

Southeast Asian country among the top 20 contributors, 
reflecting its growing interest in the field. Canada stands 
out with 315 citations across just 9 documents, indicating 
its high research relevance and an average of 35 citations 
per record. Similarly, the Netherlands and Italy demonstrate 
strong influence, with 32.2 and 24.9 citations per document, 
respectively. Denmark, with only a single document, achieves 
the highest citation impact at 66 citations (Fig. 3b). Spain 
and Norway also show notable influence despite producing 
fewer publications, with Spain averaging 33 citations per 
record. In contrast, research from some developing countries 

Fig. 3. Cumulative publications across countries: (a) Quantity of documents associated with citation counts per top 20th country and 
(b) Citations per document for each country.

a)

b)
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exhibits lower impact, underscoring the need to improve their 
research. These findings suggest that while some nations excel 
in research volume, others achieve substantial impact through 
highly cited, influential work. Ultimately, the balance between 
research quantity and citation impact varies, with countries 
like Canada and Denmark outperforming in terms of relevance 
and influence.

Bibliometric network analysis using VOSviewer
Co-occurrence analysis of author keywords reveals emerging 
research trends by identifying frequently paired topics in 
scholarly publications, thereby highlighting key areas of focus 
and interest (Kasavan et al. 2021, Wibowo et al. 2024). This 

interconnected approach provides insights into the evolution 
of knowledge within the field, illustrating how new ideas 
build on existing concepts and how research themes develop 
over time (Leong, 2021, Nobanee et al. 2021). By identifying 
common themes, co-occurrence analysis enables researchers 
to connect with peers in related fields, thereby strengthening 
research networks and fostering collaborations that can lead 
to innovative outcomes (Budihardjo et al. 2021, Ikhlas and 
Ramadan, 2024). It also supports strategic planning by revealing 
gaps in the current research landscape, allowing targeted 
efforts to address underexplored or emerging topics, thereby 
ensuring the efficient allocation of research resources (Ejaz et 
al. 2022, Wahyuningrum et al. 2023). Moreover, optimizing 

Fig. 4. Co-occurrence keywords depiction: (a) Cluster display and (b) Overlay display. 

a)

b)
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keyword selection based on co-occurrence patterns enhances 
the visibility and searchability of publications, making it easier 
for relevant audiences to discover and engage with the research 
(Fioramonte et al. 2022, Gao et al. 2021).

Fig. 4 depicts the frequency of keywords across a dataset 
of 423 distinct keywords, focusing on those that appear at 
least twice. The most prominent keywords - ‘water quality’, 
‘monitoring’, and ‘modelling’ - occur 18, 12, and 9 times, 
respectively, highlighting their central role in the research 
topic. Fig. 4a, color-coded for clarity, reveals at least nine 
distinct clusters. Among these, ‘Salinity Management’ and 
‘Water Quality Forecasting’ emerge as the largest cluster, each 
containing 7 keywords, indicating significant areas of research 
focus. In contrast, the smallest cluster, ‘RTC Uncertainty,’ 
includes only 3 keywords, indicating a narrower scope and 
highlighting a potential research gap. 

The ‘Hyperspectral Monitoring’ cluster emphasizes the 
use of advanced imaging and deep learning techniques to 
enhance pollution detection accuracy (Mashala et al. 2023). 
The ‘IoT Stormwater’ cluster showcases the integration of 
real-time sensor networks for managing stormwater runoff 
and monitoring critical water quality parameters such as 
dissolved oxygen (Webber et al. 2022). Similarly, the ‘ANN 
for Water Quality’ cluster demonstrates the increasing reliance 
on artificial intelligence for modeling complex water quality 
systems (Rajaee et al. 2020), while the ‘Real-Time GIS’ 
cluster emphasizes the use of GIS technology for spatial-
temporal water quality analysis and forecasting (Singh et 

al. 2020). Collectively, these clusters indicate a shift toward 
more sophisticated, real-time, and interdisciplinary approaches 
to water quality management. This evolution is driven by 
the increasing need for better prediction capabilities, faster 
response times, and more precise monitoring to address 
challenges such as urbanization and climate change.

Keyword frequency trends over time, depicted in Fig. 
4b, indicate emerging topics such as ‘rivers’ and ‘recreational 
water quality,’ which have gained relevance from 2020 to 
2024. Conversely, keywords like ‘forecasting,’ ‘salinity,’ and 
‘wetlands’ exhibit older average frequencies, showcasing their 
sustained importance in research. Co-occurrence analysis 
reveals that while certain topics are gaining prominence, 
others maintain their long-standing significance over time. 
The clustering and frequency trends provide insight into 
current research concentrations and emerging themes that may 
influence future studies (Okafor et al. 2023).

Topic analysis utilizing Orange Data Mining

The topic analysis performed using Orange Data Mining 
employs techniques such as LDA (Latent Dirichlet Allocation), 
MDS (Multidimensional Scaling), and MTP (Marginal Topic 
Probability) to explore variables including author keywords, 
titles, and abstracts within the dataset (Ikhlas and Ramadan, 
2024).  The word cloud analysis underscores the importance of 
data in RMS and SM, with terms like ‘data’, ‘monitoring’, and 
‘model’ reflecting a strong focus on data-driven approaches 

Fig. 5. Visualization of title, abstract, and author keywords modeling results via word cloud.
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for effective environmental management. The prominence of 
terms such as ‘river’, ‘management’, and ‘watershed’ reflects 
the significance of water resource monitoring in addressing 
challenges posed by urbanization and advancing environmental 
sustainability (Pham-Duc et al. 2023). Furthermore, the focus 
on terms such as ‘prediction’ and ‘forecasting’ signals a 
growing interest in developing predictive models to anticipate 
environmental changes (Budihardjo et al. 2023). The integration 
of advanced technologies is evident through terms such as 
‘sensing’ and ‘technology,’ which highlight efforts to enhance 
monitoring capabilities. Interdisciplinary collaboration is 
suggested by terms like ‘hydrological’ and ‘biological,’ 
emphasizing the need for diverse expertise to address complex 
environmental issues. However, the presence of terms such as 
‘challenges’ and ‘variability’ suggests ongoing difficulties that 
require resolution to refine and optimize methodologies.

The comparison between keyword frequencies from 
the word cloud analysis in Orange Data Mining and co-
occurrence data from VOSviewer reveals common themes, 
such as the importance of ‘data’, ‘monitoring’, and ‘water 
quality’, highlighting a consensus on the significance of data-
driven approaches in environmental management. However, 
VOSviewer provides a deeper understanding of keyword 
relationships and research gaps, while also offers a more 
comprehensive understanding of keyword relationships and 
research gaps, while also tracking temporal trends in research 
interests, thus complementing the insights gained from the 
word cloud analysis. Despite the wealth of information from 
previous studies, there is a noticeable scarcity of research 
specifically addressing pollution sources, such as point source 
emissions or wastewater, diffuse emissions from agriculture 
and livestock, and landscape metrics. This gap may arise from 
previous studies’ broader focus on general environmental 
impacts rather than targeting specific sources of pollution. 
Moreover, the complexity of integrating pollution sources 
with landscape metrics may have constrained research efforts 
in these areas, leading to their underrepresentation in the 
literature.

The analysis using LDA identified six distinct topics 
with no overlap (Fig. 6a), supported by MDS visualization, 
which highlights clear topic separation (Lee et al. 2022). 
MDS illustrates that similar topics are positioned closer 
together, indicating stronger relationships (Yao et al. 2022). 
In comparison to VOSviewer, Orange Data Mining revealed 
a more complex overlap of keywords across topics. Notably, 
‘data’ appearing in all six topics, emphasizing its broad 
relevance (Ikhlas and Ramadan, 2024). The topics were 
subsequently labeled as follows: ‘Watershed Flow Modeling’, 
‘Data-Driven Monitoring Systems’, ‘Urban Drainage 
Monitoring’, ‘River Pollution Management’, ‘Decision 
Support for River Management’, and ‘Data-Driven Prediction 
Models.’ Differences between VOSviewer and Orange Data 
Mining suggest varying interpretations of the topics. However, 
thematic connections, such as ‘River Pollution Management’ 
linking to ‘Eutrophication Management’ and ‘Water Quality 
Forecasting’, were evident. The results from both MDS and 
MTP analyses reveal clear patterns in research focus (Fig. 6b). 
Among the topics, ‘River Pollution Management’ emerges as 
the most prominent, with the highest MTP score, indicating a 
significant concentration of research in this area. Conversely, 
‘Watershed Flow Modeling’ has the lowest MTP score, 
highlighting a notable gap in research attention. This suggests 
opportunities for further exploration and development in areas 
like hydrological modeling and real-time data integration. 

The MDS visualization further shows that ‘Decision Support 
for River Management’ and ‘Data-Driven Prediction Models’ are 
closely related, while ‘Data-Driven Monitoring Systems’ and 
‘Watershed Flow Modeling’ are positioned further apart, signifying 
distinct research directions (Daenekindt and Huisman, 2020, de 
Vries et al. 2020). These findings suggest that data-driven models 
are more likely to be employed than physical models. While 
physical models provide a more comprehensive understanding 
of phenomena, their application is often more challenging. In 
contrast, data-driven models, although potentially fragile in terms 
of causality, require robust datasets. This highlights the importance 
of improving data quality to enhance monitoring efforts.

Fig. 6. Outcome of topic analysis: (a) Multidimensional scaling and (b) Marginal topic probabilities.

a) b)
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Qualitative content analysis

Studies concerning RMS and SM in developing 
countries
Recent innovations in real-time water quality monitoring have 
significantly enhanced our ability to track and manage water 
resources more effectively. Cham et al. (2020) introduced 
UMH2O, a web-based monitoring system that utilizes Google 
Earth and the National Water Quality Index (NWQI) to present 
a user-friendly graphical representation of water quality. 
Designed for the Langat River in Malaysia, UMH2O uses 
varying shapes and colors to make water quality data more 
accessible to both the public and experts alike (Cham et al. 
2020). By visualizing trends and pollution sources through 
interactive heart-shaped icons, the system raises public 
awareness and supports environmental conservation efforts. 
It also provides valuable insights into spatial and temporal 
variations in water quality (Cham et al. 2020).

Building on technological advancements, Sarminingsih et 
al. (2024) developed a real-time water quality monitoring tool 
for the Garang Watershed, using IoT technology. This system 
continuously measures parameters such as temperature, pH, 
turbidity, and dissolved oxygen, integrating the data into a 
publicly accessible platform (Sarminingsih et al. 2024). By 
coupling these real-time measurements with the Storm Water 
Management Model (SWMM), the tool evaluates the impact 
of land-use changes on water quality, offering actionable 
insights for effective watershed management (Sarminingsih et 
al. 2024). The integration of IoT sensors and SWMM software 
in the system exemplifies how modern technology can enhance 
both water quality monitoring and modeling (Sarminingsih et 
al. 2024).

Taufik and Nuqoba (2019) focused on improving river water 
quality monitoring by combining real-time data acquisition 
with spatial-temporal visualization tools. Their approach uses 
Wireless Sensor Networks (WSN) and Geographic Information 
Systems (GIS) to overcome limitations of traditional methods, 
such as delays in data collection and susceptibility to human 
error (Taufik and Nuqoba, 2019). The comprehensive system 
they developed combines data acquisition, communication, and 
visualization components, which facilitate accurate and timely 
monitoring (Taufik and Nuqoba, 2019). By integrating GIS 
with real-time data, their system supports better environmental 
management and decision-making, particularly for analyzing 
pollution sources and their impacts (Taufik and Nuqoba, 2019). 

In another study, Zulkifli et al. (2022) explored the 
application of IoT technology to enhance the performance and 
efficiency of water supply networks. Their system incorporates 
a solar-powered GSM TTGO sensor logger and cloud-based 
real-time data visualization to provide accurate and timely 
water quality data (Zulkifli et al. 2022). By addressing 
technical challenges and integrating advanced IoT solutions, 
the study offers a cost-effective approach to water quality 
monitoring (Zulkifli et al. 2022). Continuous data collection, 
combined with comparison against laboratory results, ensures 
reliable feedback and alerts, further improving water quality 
management practices (Zulkifli et al. 2022).

Heege et al. (2014) presented a novel approach to water 
quality monitoring in large river systems using multispectral 
satellite sensors. Their study, focused on the Mekong River, 

utilized physics-based spectral inversion algorithms to measure 
turbidity and total suspended matter from satellite reflectance 
spectra (Heege et al. 2014). This method provides standardized, 
accurate data across extensive regions, overcoming the 
limitations of traditional in situ methods (Heege et al. 2014). 
The Modular Inversion and Processing System (MIP), 
integrated with the EOMAP Workflow System, demonstrated 
the effectiveness of satellite-based monitoring in capturing 
seasonal trends and supporting long-term environmental 
management (Paraskevopoulos and Singels, 2014). This 
approach underscores the potential of remote sensing as 
a scalable and cost-effective solution for water quality 
assessment (Paraskevopoulos and Singels, 2014). Additionally, 
the integration of real-time soil water data into irrigation 
systems by Paraskevopoulos and Singels (2014) demonstrates 
significant progress in water management technologies. These 
developments aim to enhance environmental monitoring 
and promote efficient resource utilization, marking notable 
progress in sustainable water management practices.

In recent years, spatial modeling and remote sensing have 
become essential tools for addressing complex water resource 
management challenges, particularly in developing regions 
where environmental and climatic pressures are most acute 
(Chawla et al. 2020). These techniques provide advanced 
methods for monitoring various aspects of water systems, 
including snow cover, pollution, and water quality – areas 
where traditional approaches often fall short (Kamyab et al. 
2023). A notable application of remote sensing lies in managing 
seasonal snow cover, which is crucial for understanding 
hydrological cycles, especially in high-altitude regions where 
snowmelt significantly influences river flow (Chen et al. 
2022). For instance, the use of MODIS snow cover data and 
the MODSNOW software has proven effective in analyzing 
snowmelt patterns in the Naryn River basin in Kyrgyzstan 
(Chen et al. 2022). This methodology facilitates accurate 
assessments of snow cover across different altitudinal zones, 
leading to improved forecasts of river flow and seasonal water 
availability (Chen et al. 2022).

Climate change exacerbates threats to water quantity and 
quality, necessitating more advanced management techniques 
(Ahmed et al. 2022). While the SWAT model is widely used, 
its application in developing countries is often hindered by 
data limitations and geographical challenges (Amalia et al. 
2024). A study focusing on the Rawa Pening Catchment Area 
in Indonesia utilizes Google Earth Engine (GEE) and machine 
learning to enhance SWAT modeling (Amalia et al. 2024). 
By comparing models based on GEE and different Digital 
Elevation Models (DEMs), the research aims to improve the 
accuracy of hydrological modeling and provide actionable 
insights for water resource management (Amalia et al. 2024).

Managing accidental hazardous substance spills into rivers 
presents significant challenges, as these incidents can cause 
extensive environmental, economic, and social damage (Ye et al. 
2024). Effective spill management requires advanced predictive 
models to understand contaminant dispersion (Ramadan et al. 
2024). A study focusing on the Nile River employs the Delft3D 
model to simulate potential spill scenarios, aiming to provide 
detailed data on contaminant movement and impact (Ramadan 
et al. 2024). By integrating hydrodynamic and water quality 
modeling, the study helps decision-makers develop more 
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effective response strategies to mitigate the consequences of 
spills in complex river systems (Ramadan et al. 2024). The 
integration of water and waste load allocation is crucial due 
to rising pollution concerns and dwindling freshwater supplies 
(Giri, 2021). Traditional models often address water quantity 
and quality separately, but recent research emphasizes the 
importance of simultaneous management (Giri, 2021). For 
example, a study employing a factorial interval optimization 
model for the Dez River system in Iran explores the impact of 
uncertainties in agricultural return flows (Tavakoli et al. 2014). 
Using the SWAP agro-hydrologic model, this research aims 
to develop robust water management policies that account 
for these uncertainties, ultimately improving water quality 
management (Tavakoli et al. 2014).

Socio-economic development is closely tied to water 
quality, especially in low-income countries where inadequate 
sanitation infrastructure contributes to contamination 
(Duttagupta et al. 2020). A study examining groundwater 
quality in India’s Western Bengal basin explores the correlation 
between socio-economic factors and fecal coliform (FeC) 
concentrations (Duttagupta et al. 2020). By analyzing long-term 
trends and employing a particle tracking model, the research 
seeks to understand the impact of socio-economic development 
on groundwater contamination. Its findings aim to support 
progress toward achieving Sustainable Development Goal 6, 
which focuses on clean water and sanitation (Duttagupta et al. 
2020). In Khartoum, Sudan, inadequate water consumption and 
untreated wastewater discharge pose significant environmental 
and water quality challenges (Shakak, 2022). A study using the 
Water Evaluation and Planning (WEAP) model in conjunction 
with GIS software assesses pollutant loads and their impact 
on water resources (Shakak, 2022). By evaluating different 
management scenarios and analyzing satellite imagery, the 
research provides valuable insights for improving water quality 
and reducing environmental impacts in the Nile catchment area 
(Shakak, 2022).

The global challenge of freshwater scarcity and 
water quality degradation are increasingly intensified by 
anthropogenic activities and natural events. In tropical regions, 
agricultural expansion and extreme runoff events contribute to 
eutrophication and water quality decline (Latwal et al. 2023). A 
study analyzing chlorophyll-a (Chl-a) concentrations in tropical 
reservoirs, using Sentinel-2 satellite data focuses on the Bhadra 
Reservoir in India (Latwal et al. 2023). By mapping Chl-a 
distribution and examining the impact of land use/land cover, 
the research provides insights into aquatic ecosystem health 
and variations in water quality influenced by surrounding land 
use practices (Latwal et al. 2023). Eutrophication remains a 
significant issue for freshwater bodies, as seen in the Vaal Dam 
reservoir in South Africa (Obaid et al. 2021). Traditional in-
situ measurements are inadequate for large-scale monitoring, 
prompting the use of advanced satellite remote sensing 
technologies (Obaid et al. 2021). 

A study employing Sentinel-2 and Landsat 8 data evaluates 
chlorophyll-a and other water quality parameters, aiming to 
enhance monitoring accuracy and support the management of 
biomass productivity and water quality in the Vaal Dam (Obaid 
et al. 2021). Water temperature regulation is another critical 
aspect of managing aquatic ecosystems, yet conventional 
surveys are costly and time-consuming (Lamaro et al. 2013). 

Remote sensing with thermal infrared imagery offers a more 
practical alternative, as demonstrated by a study using Landsat 
7 ETM+ thermal bands to estimate water surface temperature 
in the Embalse del Río Tercero reservoir in Argentina (Lamaro 
et al. 2013). The research assesses the impact of thermal plumes 
from a nuclear power plant on reservoir temperature and aquatic 
biota, validating the Single Channel Generalized Method 
(SCGM) with in-situ measurements (Lamaro et al. 2013).

Conclusion

To summarize, the bibliometric analysis from 2005 to 2024, 
conducted utilizing the PRISMA 2020 approach, shows a 
rising trend in real-time monitoring and spatial modeling 
publications, with the United States leading in volume and 
citation impact. This growth is characterized by strong 
international collaboration and increasing availability of open-
access resources. Despite fewer publications, Canada and 
Italy stand out for their high citation counts. Co-occurrence 
keyword analysis identifies key research areas such as water 
quality, monitoring, and modeling, with recent trends showing 
increased focus on topics like rivers and recreational water 
quality. The study utilized LDA, MDS, and MTP methods 
to identify six primary research areas in water quality 
management, revealing a preference for data-driven models 
over physical models due to their practical ease of application. 
However, data-driven models require high-quality datasets 
to mitigate their causal limitations effectively. Among the 
identified topics, ‘River Pollution Management’ emerged 
as the most prominent, while ‘Watershed Flow Modeling’ 
showed the lowest prevalence, indicating a significant research 
gap. Developing countries face challenges in water resources 
management due to technological, human, and financial 
constraints. Nonetheless, advancements in RMS and SM offer 
promising solutions. Innovations such as UMH2O and IoT-
based tools have enhanced water quality monitoring, while 
remote sensing techniques, like those used in the Mekong 
River and Bhadra Reservoir studies, have improved spatial 
and temporal assessments. Research utilizing SWAT, Google 
Earth Engine, and advanced satellite data addressed critical 
gaps in water quality management and predictive modeling. 
Furthermore, socio-economic factors and the impacts of 
anthropogenic activities remain crucial considerations. Studies 
focusing on groundwater contamination and agricultural runoff 
have shed light on their effects on water quality.

Acknowledgement

This research received research funding support from 
the National Research Agency and the Education Fund 
Management Institute in 2022, under grant number 353/
UN7.A/HK/XII/2022.

References

Acuña-Alonso, C., Fernandes, A.C P., Álvarez, X., Valero, E., 
Pacheco, F.A.L., Varandas, S.D.G.P., Terêncio, D.P.S. & 
Fernandes, L.F.S. (2021). Water security and watershed 
management assessed through the modelling of hydrology and 
ecological integrity: A study in the Galicia-Costa (NW Spain). 



	 A review of watershed-scale water quality monitoring: Integrating real-time systems and spatial modeling	 21

Science of the Total Environment. 759, 143905. DOI:10.1016/j.
scitotenv.2020.143905

Adeyeye, K., Gibberd, J. & Chakwizira, J. (2020). Water marginality 
in rural and peri-urban communities. Journal of Cleaner 
Production, 273, 122594. DOI:10.1016/j.jclepro.2020.122594

Ahmed, S.F., Kumar, P.S., Kabir, M., Zuhara, F.T., Mehjabin, A., 
Tasannum, N., Hoang, A.T., Kabir, Z. & Mofijur, M. (2022). 
Threats, challenges and sustainable conservation strategies for 
freshwater biodiversity. Environmental Research. 214, 113808. 
DOI:10.1016/j.envres.2022.113808

Aloui, S., Mazzoni, A., Elomri, A., Aouissi, J., Boufekane, A. & Zghibi, 
A. (2023). A review of Soil and Water Assessment Tool (SWAT) 
studies of Mediterranean catchments: Applications, feasibility, 
and future directions. Journal of Environmental Management, 
326, 116799. DOI:10.1016/j.jenvman.2022.116799

Amalia, A., Fariz, T., Lutfiananda, F., Ihsan, H., Atunnisa, R. & 
Jabbar, A. (2024). Comparison of SWAT-based ecohydrological 
modeling in Rawa Pening Catchment Area, Indonesia. Journal 
Pendidikan IPA Indonesia, 13, 1. DOI:10.15294/jpii.v13i1.45277

Anyango, G.W., Bhowmick, G.D. & Sahoo Bhattacharya, N. (2024). 
A critical review of irrigation water quality index and water 
quality management practices in microirrigation for efficient 
policy making. Desalination and Water Treatment, 318, 100304. 
DOI:10.1016/j.dwt.2024.100304

Behmel, S., Damour, M., Ludwig, R. & Rodriguez, M. J. (2016). 
Water quality monitoring strategies — A review and future 
perspectives. Science of the Total Environment, 571, pp. 1312-
1329. DOI:10.1016/j.scitotenv.2016.06.235

Budihardjo, M.A., Humaira, N.G., Ramadan, B.S., Wahyuningrum, 
I.F.S. & Huboyo, H.S. (2023). Strategies to reduce greenhouse 
gas emissions from municipal solid waste management in 
Indonesia: The case of Semarang City. Alexandria Engineering 
Journal, 69, pp. 771-783. DOI:10.1016/j.aej.2023.02.029

Budihardjo, M.A., Ramadan, B.S., Putri, S.A., Wahyuningrum, 
I.F.S. & Muhammad, F.I. (2021). Towards Sustainability 
in Higher-Education Institutions: Analysis of Contributing 
Factors and Appropriate Strategies. Sustainability, 13, 12, 6562. 
DOI:10.3390/su13126562

Cham, H., Malek, S., Milow, P. & Ramli, M.R. (2020). Web-based 
system for visualisation of water quality index. All Life, 13, 1, pp. 
426-432. DOI:10.1080/26895293.2020.1788998

Chawla, I., Karthikeyan, L. & Mishra, A.K. (2020). A review of remote 
sensing applications for water security: Quantity, quality, and 
extremes. Journal of Hydrology, 585, 124826. DOI:10.1016/j.
jhydrol.2020.124826

Chen, X., Chen, J., Wu, D., Xie, Y. & Li, J. (2016). Mapping the 
Research Trends by Co-word Analysis Based on Keywords from 
Funded Project. Procedia Computer Science, 91, pp. 547-555. 
DOI:10.1016/j.procs.2016.07.140

Chen, X., Liu, T., Duulatov, E., Gafurov, A., Omorova, E. & Gafurov, 
A. (2022). Hydrological Forecasting under Climate Variability 
Using Modeling and Earth Observations in the Naryn River Basin, 
Kyrgyzstan. Water, 14, 17, 2733. DOI:10.3390/w14172733

Chow, R., Scheidegger, R., Doppler, T., Dietzel, A., Fenicia, F. & 
Stamm, C. (2020). A review of long-term pesticide monitoring 
studies to assess surface water quality trends. Water Research X, 
9, 100064. DOI:10.1016/j.wroa.2020.100064

Czatzkowska, M., Wolak, I., Harnisz, M. & Korzeniewska, E. (2022). 
Impact of Anthropogenic Activities on the Dissemination of 
ARGs in the Environment—A Review. International Journal of 

Environmental Research and Public Health, 19, 19. DOI:10.3390/
ijerph191912853

Daenekindt, S. & Huisman, J. (2020). Mapping the scattered field of 
research on higher education. A correlated topic model of 17,000 
articles, 1991–2018. Higher Education, 80, 3, pp. 571-587. 
DOI:10.1007/s10734-020-00500-x

Damanik, A., Janssen, D.J., Tournier, N., Stelbrink, B., von Rintelen, 
T., Haffner, G.D., Cohen, A., Yudawati Cahyarini, S. & Vogel, H. 
(2024). Perspectives from modern hydrology and hydrochemistry 
on a lacustrine biodiversity hotspot: Ancient Lake Poso, Central 
Sulawesi, Indonesia. Journal of Great Lakes Research, 50, 3, 
102254. DOI:10.1016/j.jglr.2023.102254

Dawood, T., Elwakil, E., Novoa, H. M. & Gárate Delgado, J. F. (2021). 
Toward urban sustainability and clean potable water: Prediction 
of water quality via artificial neural networks. Journal of Cleaner 
Production, 291, 125266. DOI:10.1016/j.jclepro.2020.125266

de Vries, B.B.L.P., van Smeden, M., Rosendaal, F.R. & Groenwold, 
R.H.H. (2020). Title, abstract, and keyword searching resulted in 
poor recovery of articles in systematic reviews of epidemiologic 
practice. Journal of Clinical Epidemiology, 121, pp. 55-61. 
DOI:10.1016/j.jclinepi.2020.01.009

Duttagupta, S., Mukherjee, A., Bhanja, S. N., Chattopadhyay, S., 
Sarkar, S., Das, K., Chakraborty, S. & Mondal, D. (2020). 
Achieving sustainable development goal for clean water in India: 
influence of natural and anthropogenic factors on groundwater 
microbial pollution. Environmental Management, 66, pp. 742-
755. DOI:10.1007/s00267-020-01358-6

Ejaz, H., Zeeshan, H.M., Ahmad, F., Bukhari, S.N., Anwar, N., 
Alanazi, A., Sadiq, A., Junaid, K., Atif, M., Abosalif, K.O., Iqbal, 
A., Hamza, M.A. & Younas, S. (2022). Bibliometric Analysis 
of Publications on the Omicron Variant from 2020 to 2022 in 
the Scopus Database Using R and VOSviewer. International 
Journal of Environmental Research and Public Health, 19, 19. 
DOI:10.3390/ijerph191912407

Fioramonte, B., Campos, M.A.S., De Freitas, S.R. & Basso, R.E. 
(2022). Rainfall data used for rainwater harvesting systems: a 
bibliometric and systematic literature review. AQUA—Water 
Infrastructure, Ecosystems and Society, 71, 7, pp. 816-834. 
DOI:10.2166/aqua.2022.034

Gao, S., Meng, F., Gu, Z., Liu, Z. & Farrukh, M. (2021). Mapping and 
Clustering Analysis on Environmental, Social and Governance 
Field a Bibliometric Analysis Using Scopus. Sustainability, 13, 
13. DOI:10.3390/su13137304

Giri, S. (2021). Water quality prospective in Twenty First Century: 
Status of water quality in major river basins, contemporary 
strategies and impediments: A review. Environmental Pollution, 
271, 116332. DOI:10.1016/j.envpol.2020.116332

Han, X. (2020). Evolution of research topics in LIS between 1996 
and 2019: An analysis based on latent Dirichlet allocation topic 
model. Scientometrics, 125, 3, pp. 2561-2595. DOI:10.1007/
s11192-020-03721-0

Heege, T., Kiselev, V., Wettle, M. & Hung, N. N. (2014). Operational 
multi-sensor monitoring of turbidity for the entire Mekong Delta. 
International Journal of Remote Sensing, 35, 8, pp. 2910-2926. 
DOI:10.1080/01431161.2014.890300

Hojjati-Najafabadi, A., Mansoorianfar, M., Liang, T., Shahin, K. 
& Karimi-Maleh, H. (2022). A review on magnetic sensors 
for monitoring of hazardous pollutants in water resources. 
Science of the Total Environment, 824, 153844. DOI:10.1016/j.
scitotenv.2022.153844



22	 Syafrudin Syafrudin, Anik Sarminingsih, Henny Juliani, Mochamad Arief Budihardjo, Muhammad Thariq Sani, Hessy Rahma Wati

Huang, J., Zhang, Y., Bing, H., Peng, J., Dong, F., Gao, J. & 
Arhonditsis, G. B. (2021). Characterizing the river water quality 
in China: Recent progress and on-going challenges. Water 
research, 201, 117309. DOI:10.1016/j.watres.2021.117309

Ighalo, J.O., Adeniyi, A.G. & Marques, G. (2021). Artificial intelligence 
for surface water quality monitoring and assessment: a systematic 
literature analysis. Modeling Earth Systems and Environment, 7, 
2, pp. 669-681. DOI:10.1007/s40808-020-01041-z

Ikhlas, N. & Ramadan, B.S. (2024). Community-based watershed 
management (CBWM) for climate change adaptation and 
mitigation: Research trends, gaps, and factors assessment. 
Journal of Cleaner Production, 434, 140031. DOI:10.1016/j.
jclepro.2023.140031

Jiang, J., Tang, S., Han, D., Fu, G., Solomatine, D. & Zheng, Y. (2020). 
A comprehensive review on the design and optimization of surface 
water quality monitoring networks. Environmental Modelling & 
Software, 132, 104792. DOI:10.1016/j.envsoft.2020.104792

Kamyab, H., Khademi, T., Chelliapan, S., SaberiKamarposhti, 
M., Rezania, S., Yusuf, M., Farajnezhad, M., Abbas, M., Hun 
Jeon, B. & Ahn, Y. (2023). The latest innovative avenues for 
the utilization of artificial Intelligence and big data analytics in 
water resource management. Results in Engineering, 20, 101566. 
DOI:10.1016/j.rineng.2023.101566

Kasavan, S., Yusoff, S., Rahmat Fakri, M.F. & Siron, R. (2021). 
Plastic pollution in water ecosystems: A bibliometric analysis 
from 2000 to 2020. Journal of Cleaner Production, 313, 127946. 
DOI:10.1016/j.jclepro.2021.127946

Khan, R.M., Salehi, B., Mahdianpari, M., Mohammadimanesh, F., 
Mountrakis, G. & Quackenbush, L.J. (2021). A Meta-Analysis 
on Harmful Algal Bloom (HAB) Detection and Monitoring: A 
Remote Sensing Perspective. Remote Sensing, 13(21). Retrieved 
from DOI:10.3390/rs13214347

Lamaro, A.A., Mariñelarena, A., Torrusio, S.E. & Sala, S.E. (2013). 
Water surface temperature estimation from Landsat 7 ETM+ 
thermal infrared data using the generalized single-channel 
method: Case study of Embalse del Río Tercero (Córdoba, 
Argentina). Advances in Space Research, 51, 3, pp. 492-500. 
DOI:10.1016/j.asr.2012.09.032

Łaszczyca, P., Nakonieczny, M. & Kostecki, M. (2023). 
Ecotoxicological biotests as tools for continuous monitoring 
of water quality in dam reservoirs. Archives of Environmental 
Protection, 49,1, pp. 25-38. DOI:10.24425/aep.2023.144734

Latwal, A., Rehana, S. & Rajan, K. (2023). Detection and mapping 
of water and chlorophyll-a spread using Sentinel-2 satellite 
imagery for water quality assessment of inland water bodies. 
Environmental Monitoring and Assessment, 195, 11, 1304. 
DOI:10.1007/s10661-023-11874-7

Lee, S., Ryu, Y., Park, H.-J., Lee, I.-S. & Chae, Y. (2022). Characteristics 
of five-phase acupoints from data mining of randomized 
controlled clinical trials followed by multidimensional scaling. 
Integrative Medicine Research, 11, 2, 100829. DOI:10.1016/j.
imr.2021.100829

Leong, C. (2021). Narratives and water: A bibliometric review. 
Global Environmental Change, 68, 102267. DOI:10.1016/j.
gloenvcha.2021.102267

Li, J., Tian, L., Wang, Y., Jin, S., Li, T. & Hou, X. (2021). Optimal 
sampling strategy of water quality monitoring at high dynamic 
lakes: A remote sensing and spatial simulated annealing 
integrated approach. Science of the Total Environment, 777, 
146113. DOI:10.1016/j.scitotenv.2021.146113

Lindgren, B.-M., Lundman, B. & Graneheim, U.H. (2020). 
Abstraction and interpretation during the qualitative content 
analysis process. International Journal of Nursing Studies, 108, 
103632. DOI:10.1016/j.ijnurstu.2020.103632

Locke, K.A. (2024). Modelling relationships between land use and 
water quality using statistical methods: A critical and applied 
review. Journal of Environmental Management, 362, 121290. 
DOI:10.1016/j.jenvman.2024.121290

Madzík, P. & Falát, L. (2022). State-of-the-art on analytic hierarchy 
process in the last 40 years: Literature review based on Latent 
Dirichlet Allocation topic modelling. PLoS One, 17, 5, e0268777. 
DOI:10.1371/journal.pone.0268777

Mashala, M.J., Dube, T., Mudereri, B.T., Ayisi, K.K. & Ramudzuli, 
M.R. (2023). A systematic review on advancements in remote 
sensing for assessing and monitoring land use and land cover 
changes impacts on surface water resources in semi-arid tropical 
environments. Remote Sensing, 15, 16, 3926. DOI:10.3390/
rs15163926

Matos, T., Martins, M.S., Henriques, R. & Goncalves, L.M. (2024). 
A review of methods and instruments to monitor turbidity and 
suspended sediment concentration. Journal of Water Process 
Engineering, 64, 105624. DOI:10.1016/j.jwpe.2024.105624

Muhirwa, F., Shen, L., Elshkaki, A., Zhong, S., Hu, S., Hirwa, 
H., Chiaka, J. C., Umarishavu, F. & Mulinga, N. (2022). 
Ecological balance emerges in implementing the water-energy-
food security nexus in well-developed countries in Africa. 
Science of the Total Environment, 833, 154999. DOI:10.1016/j.
scitotenv.2022.154999

Nobanee, H., Al Hamadi, F.Y., Abdulaziz, F.A., Abukarsh, L.S., 
Alqahtani, A.F., AlSubaey, S.K., Alqahtani, S.M. & Almansoori, 
H.A. (2021). A Bibliometric Analysis of Sustainability and 
Risk Management. Sustainability, 13, 6, 3277. DOI:10.3390/
su13063277

Obaid, A.A., Ali, K.A., Abiye, T.A. & Adam, E. M. (2021). Assessing 
the utility of using current generation high-resolution satellites 
(Sentinel 2 and Landsat 8) to monitor large water supply dam 
in South Africa. Remote Sensing Applications: Society and 
Environment, 22, 100521. DOI:10.1016/j.rsase.2021.100521

Okafor, C.C., Aigbavboa, C. & Thwala, W.D. (2023). A bibliometric 
evaluation and critical review of the smart city concept–making 
a case for social equity. Journal of Science and Technology 
Policy Management, 14, 3, pp. 487-510. DOI:10.1108/
JSTPM-06-2020-0098

Page, M.J., McKenzie, J.E., Bossuyt, P.M., Boutron, I., Hoffmann, 
T.C., Mulrow, C.D., Shamseer, L., Tetzlaff, J.M., Akl, E.A. 
& Brennan, S.E. (2021). The PRISMA 2020 statement: an 
updated guideline for reporting systematic reviews. BMJ, 372. 
DOI:10.1186/s13643-021-01626-4

Paraskevi, M., Pau, G.-G., Ada, P., Annette, B.-P. & Tenna, R. (2022). 
Weed cutting in a large river reduces ecosystem metabolic 
rates in the case of River Gudenå (Denmark). Journal of 
Environmental Management, 314, 115014. DOI:10.1016/j.
jenvman.2022.115014

Paraskevopoulos, A.L. & Singels, A. (2014). Integrating soil water 
monitoring technology and weather-based crop modelling to 
provide improved decision support for sugarcane irrigation 
management. Computers and Electronics in Agriculture, 105, pp. 
44-53. DOI:10.1016/j.compag.2014.04.007

Pham-Duc, B., Nguyen, H., Phan, H. & Tran-Anh, Q. (2023). Trends 
and applications of google earth engine in remote sensing and 



	 A review of watershed-scale water quality monitoring: Integrating real-time systems and spatial modeling	 23

earth science research: a bibliometric analysis using scopus 
database. Earth Science Informatics, 16, 3, pp. 2355-2371. 
DOI:10.1007/s12145-023-01035-2

Pranckutė, R. (2021). Web of Science (WoS) and Scopus: The Titans 
of Bibliographic Information in Today’s Academic World. 
Publications, 9, 1, 12. DOI:10.3390/publications9010012

Rajaee, T., Khani, S. & Ravansalar, M. (2020). Artificial intelligence-
based single and hybrid models for prediction of water quality 
in rivers: A review. Chemometrics and Intelligent Laboratory 
Systems, 200, 103978. DOI:10.1016/j.chemolab.2020.103978

Ramadan, E.M., Moussa, A., Magdy, A. & Negm, A. (2024). 
Integration of hydrodynamic and water quality modeling 
to mitigate the effects of spill pollution into the Nile River, 
Egypt. Environmental Science and Pollution Research, 1-19. 
DOI:10.1007/s11356-024-34216-7

Razguliaev, N., Flanagan, K., Muthanna, T. & Viklander, M. (2024). 
Urban stormwater quality: A review of methods for continuous 
field monitoring. Water research, 249, 120929. DOI:10.1016/j.
watres.2023.120929

Sagan, V., Peterson, K.T., Maimaitijiang, M., Sidike, P., Sloan, J., 
Greeling, B.A., Maalouf, S. & Adams, C. (2020). Monitoring 
inland water quality using remote sensing: potential and 
limitations of spectral indices, bio-optical simulations, machine 
learning, and cloud computing. Earth-Science Reviews, 205, 
103187. DOI:10.1016/j.earscirev.2020.103187

Sarminingsih, A., Juliani, H., Budihardjo, M.A., Puspita, A.S. & 
Mirhan, S.A.A. (2024). Water quality monitoring system for 
temperature, pH, Turbidity, DO, BOD, and COD parameters 
based on internet of things in the Garang watershed. 
Ecological Engineering & Environmental Technology, 25. 
DOI:10.12912/27197050/174412

Shakak, N.B.I. (2022). Simulation of Environmental Pollution Using 
Advance Technology and Modeling. The International Archives 
of the Photogrammetry, Remote Sensing and Spatial Information 
Sciences, 43, pp. 23-29. DOI:10.5194/isprs-archives-
XLIII-B4-2022-23-2022

Singh, S., Bhardwaj, A. & Verma, V.K. (2020). Remote sensing 
and GIS based analysis of temporal land use/land cover and 
water quality changes in Harike wetland ecosystem, Punjab, 
India. Journal of Environmental Management, 262, 110355. 
DOI:10.1016/j.jenvman.2020.110355

Sun, Q., Yan, Z., Wang, J., Chen, J.-A., Li, X., Shi, W., Liu, J. & Li, 
S.-L. (2024). Evaluating impacts of climate and management on 
reservoir water quality using environmental fluid dynamics code. 
Science of the Total Environment, 947, 174608. DOI:10.1016/j.
scitotenv.2024.174608

Syeed, M.M.M., Hossain, M.S., Karim, M.R., Uddin, M.F., Hasan, M. 
& Khan, R.H. (2023). Surface water quality profiling using the 
water quality index, pollution index and statistical methods: A 
critical review. Environmental and Sustainability Indicators, 18, 
100247. DOI:10.1016/j.indic.2023.100247

Tanjung, R.H.R., Indrayani, E., Agamawan, L.P.I. & Hamuna, B. 
(2024). Water quality assessment to determine the trophic 
state and suitability of Lake Sentani (Indonesia) for various 
utilisation purposes. Water Cycle, 5, pp. 99-108. DOI:10.1016/j.
watcyc.2024.02.006

Taufik & Nuqoba, B. (2019). The geographic information system 
dashboard prototype of Brantas River, East Java. IOP Conference 
Series: Earth and Environmental Science, 245, 012052. 
DOI:10.1088/1755-1315/245/1/012052

Tavakoli, A., Kerachian, R., Nikoo, M.R., Soltani, M. & Estalaki, 
S.M. (2014). Water and waste load allocation in rivers with 
emphasis on agricultural return flows: application of fractional 
factorial analysis. Environmental Monitoring and Assessment, 
186, pp. 5935-5949. DOI:10.1007/s10661-014-3830-6

Tomojiri, D., Takaya, K. & Ise, T. (2022). Temporal trends and 
spatial distribution of research topics in anthropogenic marine 
debris study: Topic modelling using latent Dirichlet allocation. 
Marine Pollution Bulletin, 182, 113917. DOI:10.1016/j.
marpolbul.2022.113917

Topp, S.N., Pavelsky, T.M., Jensen, D., Simard, M. & Ross, M.R. 
(2020). Research trends in the use of remote sensing for inland 
water quality science: Moving towards multidisciplinary 
applications. Water, 12, 1, 169. DOI:10.3390/w12010169

Uddin, M.G., Nash, S. & Olbert, A.I. (2021). A review of water 
quality index models and their use for assessing surface water 
quality. Ecological Indicators, 122, 107218. DOI:10.1016/j.
ecolind.2020.107218

Uddin, M.G., Nash, S., Rahman, A. & Olbert, A.I. (2022). A 
comprehensive method for improvement of water quality index 
(WQI) models for coastal water quality assessment. Water 
research, 219, 118532. DOI:10.1016/j.watres.2022.118532

Vane, C.H., Kim, A.W., Lopes dos Santos, R.A., Gill, J.C., Moss-Hayes, 
V., Mulu, J.K., Mackie, J.R., Ferreira, A.M.P.J., Chenery, S.R. & 
Olaka, L.A. (2022). Impact of organic pollutants from urban slum 
informal settlements on sustainable development goals and river 
sediment quality, Nairobi, Kenya, Africa. Applied Geochemistry, 
146, 105468. DOI:10.1016/j.apgeochem.2022.105468

Vélez-Nicolás, M., García-López, S., Barbero, L., Ruiz-Ortiz, V. & 
Sánchez-Bellón, Á. (2021). Applications of Unmanned Aerial 
Systems (UASs) in Hydrology: A Review. Remote Sensing, 13, 
7. DOI:10.3390/rs13071359

Wahyuningrum, I.F.S., Humaira, N.G., Budihardjo, M.A., Arumdani, 
I.S., Puspita, A.S., Annisa, A.N., Sari, A.M. & Djajadikerta, 
H.G. (2023). Environmental sustainability disclosure in Asian 
countries: Bibliometric and content analysis. Journal of Cleaner 
Production, 411, 137195. DOI:10.1016/j.jclepro.2023.137195

Webber, J.L., Fletcher, T., Farmani, R., Butler, D. & Melville-Shreeve, 
P. (2022). Moving to the future of smart stormwater management: 
A review and framework for terminology, research, and future 
perspectives. Water research, 218, 118409. DOI:10.1016/j.
watres.2022.118409

Wibowo, Y.G., Ramadan, B.S., Taher, T. & Khairurrijal, K. (2024). 
Advancements of nanotechnology and nanomaterials in 
environmental and human protection for combatting the covid-19 
during and post-pandemic era: a comprehensive scientific review. 
Biomedical Materials & Devices, 2, 1, pp. 34-57. DOI:10.1007/
s44174-023-00086-9

Yao, J., Guo, X., Wang, L., & Jiang, H. (2022). Understanding Green 
Consumption: A Literature Review Based on Factor Analysis and 
Bibliometric Method. Sustainability, 14, 14, 8324. DOI:10.3390/
su14148324

Ye, X., Zhang, B., Lee, K., Storesund, R., Song, X., Kang, Q., Li, 
P. & Chen, B. (2024). A multi-criteria simulation-optimization 
coupling approach for effective emergency response in marine 
oil spill accidents. Journal of Hazardous Materials, 469, 133832. 
DOI:10.1016/j.jhazmat.2024.133832

Yuan, L., Sinshaw, T. & Forshay, K.J. (2020). Review of Watershed-
Scale Water Quality and Nonpoint Source Pollution Models. 
Geosciences, 10, 1, 25. DOI:10.3390/geosciences10010025



24	 Syafrudin Syafrudin, Anik Sarminingsih, Henny Juliani, Mochamad Arief Budihardjo, Muhammad Thariq Sani, Hessy Rahma Wati

Zabłocki, S., Murat-Błażejewska, S., Trzeciak, J.A. & Błażejewski, R. 
(2022). High-resolution mapping to assess risk of groundwater 
pollution by nitrates from agricultural activities in Wielkopolska 
Province, Poland. Archives of Environmental Protection, 48, 1, 
pp. 41-57. DOI:10.24425/aep.2022.140544

Zhang, F., Chen, Y., Wang, W., Jim, C.Y., Zhang, Z., Tan, M.L., Liu, 
C., Chan, N.W., Wang, D., Wang, Z. & Rahman, H.A. (2022). 
Impact of land-use/land-cover and landscape pattern on seasonal 
in-stream water quality in small watersheds. Journal of Cleaner 
Production, 357, 131907. DOI:10.1016/j.jclepro.2022.131907

Zheng, C., Yuan, J., Zhu, L., Zhang, Y. & Shao, Q. (2020). From digital 
to sustainable: A scientometric review of smart city literature 
between 1990 and 2019. Journal of Cleaner Production, 258, 
120689. DOI:10.1016/j.jclepro.2020.120689

Zulkifli, C.Z., Sulaiman, S., Ibrahim, A.B., Soon, C.F., Harun, N.H., 
Hairom, N.H.H., Setiawan, M.I. & Chiang, H.H. (2022). Smart 
Platform for Water Quality Monitoring System using Embedded 
Sensor with GSM Technology. Journal of Advanced Research 
in Fluid Mechanics and Thermal Sciences, 95, 1, pp. 54-63. 
DOI:10.37934/arfmts.95.1.5463

Authors Title Year Source title Volume Issue

Achleitner S., De Toffol S., 
Engelhard C., Rauch W.

Model based hydropower gate operation for 
mitigation of CSO impacts by means of river base 
flow increase

2005 Water Science and Technology 52 5

Vandenberghe V., Goethals 
P.L.M., Van Griensven A., 
Meirlaen J., De Pauw N., 
Vanrolleghem P., Bauwens W.

Application of automated measurement stations for 
continuous water quality monitoring of the Dender 
river in Flanders, Belgium

2005
Environmental Monitoring and 
Assessment

108 01-Mar

South S.
Water quality analyser provides real-time total 
phosphorus measurement in Everglades

2005
Water and Wastewater 
International

20 1

Dorner S.M., Anderson W.B., 
Slawson R.M., Kouwen N., 
Huck P.M.

Hydrologic modeling of pathogen fate and 
transport

2006
Environmental Science and 
Technology

40 15

Yang T.C., Kao C.M.,  
Yeh T.Y., Lin C.E., Lai Y.C.

Application of multimedia model for the 
development of watershed management 
strategies: A case study

2006
WSEAS Transactions on 
Mathematics

5 4

Quinn N.W.T.
Bottom-up, decision support system development: 
A wetland salinity management application in 
California's San Joaquin Valley

2006

Proceedings of the iEMSs 3rd 
Biennial Meeting," Summit on 
Environmental Modelling and 
Software"

Quinn N.W.T., Jacobs K.C.

Design and implementation of an emergency 
environmental response system to protect 
migrating salmon in the lower San Joaquin River, 
California

2007
Environmental Modelling and 
Software

22 4

Baker D., Gonzalez-
Quesada P.,  
Jean-Baptiste S., 
Christensen C.

Stream assessment and restoration for the City of 
Mission Hills, Kansas

2007

Restoring Our Natural Habitat 
- Proceedings of the 2007 
World Environmental and Water 
Resources Congress

Brown C., Toomer K. Clean water atlanta enterprise GIS 2007

Pipelines 2007: Advances and 
Experiences with Trenchless 
Pipeline Projects - Proceedings 
of the ASCE International 
Conference on Pipeline 
Engineering and Construction

Yeon I.S., Kim J.H., Jun K.W.
Application of artificial intelligence models in water 
quality forecasting

2008 Environmental Technology 29 6

Gibson J.J., Sadek M.A., 
Stone D.J.M., Hughes C.E., 
Hankin S., Cendon D.I., 
Hollins S.E.

Evaporative isotope enrichment as a constraint on 
reach water balance along a dryland river

2008
Isotopes in Environmental and 
Health Studies

44 1

Soutter M., Alexandrescu M., 
Schenk C., Drobot R.

Adapting a geographical information system-based 
water resource management to the needs of the 
Romanian water authorities.

2009
Environmental science and 
pollution research international

16 Suppl 
1



	 A review of watershed-scale water quality monitoring: Integrating real-time systems and spatial modeling	 25

Yeon I.S., Jun K.W., Lee H.J.
The improvement of total organic carbon 
forecasting using neural networks discharge model

2009 Environmental Technology 30 1

Quinn N.W.T.

Environmental decision support system 
development for seasonal wetland salt 
management in a river basin subjected to water 
quality regulation

2009 Agricultural Water Management 96 2

Seo D., Lee E.H.
Development of vertically moving automaticwater 
monitoring system (VeMAS) for lake water quality 
management

2009
Atmospheric and Biological 
Environmental Monitoring

Viegas C.N., Nunes S., 
Fernandes R., Neves R.

Streams contribution on bathing water quality 
after rainfall events in Costa do Estoril - A tool to 
implement an alert system for bathing water quality

2009 Journal of Coastal Research
SPEC. 
ISSUE 

56

Quinn N.W.T., Ortega R., 
Rahilly P.J.A., Royer C.W.

Use of environmental sensors and sensor 
networks to develop water and salinity budgets 
for seasonal wetland real-time water quality 
management

2010
Environmental Modelling and 
Software

25 9

Freni G., Mannina G.,  
Viviani G.

Urban water quality modelling: A parsimonious 
holistic approach for a complex real case study

2010 Water Science and Technology 61 2

Brilly M.
Hydrological processes of the Danube River Basin: 
Perspectives from the Danubian Countries

2010

Hydrological Processes of 
the Danube River Basin: 
Perspectives from the Danubian 
Countries

Peed L.A., Nietch C.T.,  
Kelty C.A., Meckes M., 
Mooney T., Sivaganesan M., 
Shanks O.C.

Combining land use information and small stream 
sampling with PCR-based methods for better 
characterization of diffuse sources of human fecal 
pollution

2011
Environmental Science and 
Technology

45 13

Harris J.E., Dallimore C., 
Loveless A., Yeates P.S., 
Maheswaren S., Kibria G.

An integrated decision support system for Sydney 
Catchment Authority's water supply planning and 
operations

2011

MODSIM 2011 - 19th 
International Congress on 
Modelling and Simulation 
- Sustaining Our Future: 
Understanding and Living with 
Uncertainty

Bagi M.J., Zhang H., 
Mirfenderesk H.

Investigation of algorithms enabling floodwise 
system to estimate road flooding for the gold coast

2011

34th IAHR Congress 2011 
- Balance and Uncertainty: 
Water in a Changing World, 
Incorporating the 33rd 
Hydrology and Water Resources 
Symposium and the 10th 
Conference on Hydraulics in 
Water Engineering

Shon T.S., Kim S.D.,  
Kim M.E., Park J.B.,  
Min K.S., Shin H.S.

Developing delivery ratio duration curve (DRDC) 
based on SWAT modeling in Nakdong river basin

2012
Desalination and Water 
Treatment

38 01-Mar

Maradona A., Marshall G., 
Mehrvar M., Pushchak R., 
Laursen A.E., McCarthy L.H., 
Bostan V., Gilbride K.A.

Utilization of multiple organisms in a proposed 
early-warning biomonitoring system for real-time 
detection of contaminants: Preliminary results and 
modeling

2012 Journal of Hazardous Materials 219-220

Shon T.S., Kim S.D.,  
Kim M.E., Park J.B.,  
Min K.S., Shin H.S.

Developing delivery ratio duration curve (DRDC) 
based on SWAT modeling in Nakdong river basin

2012
Desalination and Water 
Treatment

38 01-Mar

Langeveld J., Benedetti L.,  
De Klein J.J.M., Nopens I., 
Van Nieuwenhuijzen A., 
Flameling T., Van Zanten O., 
Weijers S.

Impact-based integrated real-time control for 
improvement of the Dommel River water quality

2012
WEFTEC 2012 - 85th Annual 
Technical Exhibition and 
Conference

10



26	 Syafrudin Syafrudin, Anik Sarminingsih, Henny Juliani, Mochamad Arief Budihardjo, Muhammad Thariq Sani, Hessy Rahma Wati

Whelan C., Emery B.,  
Teague C., Barrick D., 
Washburn L., Harlan J.

Automatic calibrations for improved quality 
assurance of coastal HF radar currents

2012
OCEANS 2012 MTS/IEEE: 
Harnessing the Power of the 
Ocean

Benedetti L., Langeveld J., 
Nieuwenhuijzen A.F.V.,  
Jonge J.D., Klein J.D., 
Flameling T., Nopens I., 
Zanten O.V., Weijers S.

Cost-effective solutions for water quality 
improvement in the Dommel River supported by 
sewer-WWTP-river integrated modelling

2013 Water Science and Technology 68 5

Marchis M.D., Freni G., 
Napoli E.

Modelling of E. coli distribution in coastal areas 
subjected to combined sewer overflows

2013 Water Science and Technology 68 5

Casadio A., Cipolla S.S., 
Maglionico M., Martinini P.

Numerical modeling of the sewer system of Rimini 
(Italy) and strategies for the CSOs reduction on 
the Adriatic Sea

2013
Environmental Engineering and 
Management Journal

12 S11

Wu C.-C., Margulis S.A.
Real-time soil moisture and salinity profile 
estimation using assimilation of embedded sensor 
datastreams

2013 Vadose Zone Journal 12 1

Langeveld J.G., Benedetti L., 
de Klein J.J.M., Nopens I., 
Amerlinck Y., van 
Nieuwenhuijzen A., Flameling 
T., van Zanten O., Weijers S.

Impact-based integrated real-time control for 
improvement of the Dommel River water quality

2013 Urban Water Journal 10 5

Yuan F., Hoppie B., 
Friend D., Lee N.

Blue Earth River quality monitoring using ARCHER 
hyperspectral data and field measurements

2013 Geocarto International 28 8

Li J., Liu H., Li Y., Mei K., 
Dahlgren R., Zhang M.

Monitoring and modeling dissolved oxygen 
dynamics through continuous longitudinal 
sampling: A case study in wen-rui tang river, 
wenzhou, china

2013 Hydrological Processes 27 24

Claire H., Jiren L., 
Sylviane D., Xiaoling C., 
Xijun L., François C.J., 
Wei Z., Carlos U., Mathias S., 
Shifeng H., Stephane A., 
James B., Hervé Y.

Twelve year of water resource monitoring over the 
yangtze middle reaches exploiting dragon time 
series and field measurements

2013
European Space Agency, 
(Special Publication) ESA SP

704 SP

Lamaro A.A., 
Mariñelarena A., 
Torrusio S.E., Sala S.E.

Water surface temperature estimation from 
Landsat 7 ETM+ thermal infrared data using the 
generalized single-channel method: Case study of 
Embalse del Río Tercero (Córdoba, Argentina)

2013 Advances in Space Research 51 3

Tavakoli A., Kerachian R., 
Nikoo M.R., Soltani M., 
Estalaki S.M.

Water and waste load allocation in rivers with 
emphasis on agricultural return flows: Application 
of fractional factorial analysis

2014
Environmental Monitoring and 
Assessment

186 9

Yetik M.K., Yuceer M., 
Karadurmus E., Semizer E., 
Calimli A., Berber R.

An interactive gis-based software for dynamic 
monitoring of rivers

2014
Journal of Environmental 
Protection and Ecology

15 4

Campos S.R.V., Baliño J.L., 
Slobodcicov I., Filho D.F., 
Paz E.F.

Orifice plate meter field performance: Formulation 
and validation in multiphase flow conditions

2014
Experimental Thermal and Fluid 
Science

58

Matos R., Ferreira F., 
Saldanha Matos J., 
Oliveira A., David L., 
Rodrigues M., Jesus G., 
Rogeiro J., Costa J., Mota T., 
Brito R., Póvoa P., David C., 
Santos J.

Implementation of an early warning system 
in urban drainage infrastructures for direct 
discharges and flood risk management

2014
WIT Transactions on the Built 
Environment

139

Heege T., Kiselev V., 
Wettle M., Hung N.N.

Operational multi-sensor monitoring of turbidity for 
the entire Mekong Delta

2014
International Journal of Remote 
Sensing

35 8



	 A review of watershed-scale water quality monitoring: Integrating real-time systems and spatial modeling	 27

Paraskevopoulos A.L., 
Singels A.

Integrating soil water monitoring technology 
and weather based crop modelling to provide 
improved decision support for sugarcane irrigation 
management

2014
Computers and Electronics in 
Agriculture

105

Young D.S., Hart J.K., 
Martinez K.

Image analysis techniques to estimate river 
discharge using time-lapse cameras in remote 
locations

2015 Computers and Geosciences 76

Rakhimov T., Salybekova V.
Features of groundwater resources assessment on 
alluvial fans using a regional-scale hydrogeological 
model (Kaskelen, South Kazakhstan)

2015 Metallurgical and Mining Industry 7 10

McKnight D.M., Cozzetto K., 
Cullis J.D.S., Gooseff M.N., 
Jaros C., Koch J.C., 
Lyons W.B., Neupauer R., 
Wlostowski A.

Potential for real-time understanding of coupled 
hydrologic and biogeochemical processes 
in stream ecosystems: Future integration of 
telemetered data with process models for glacial 
meltwater streams

2015 Water Resources Research 51 8

Aracri S., Borghini M., 
Canesso D., Chiggiato J., 
Durante S., Schroeder K., 
Sparnocchia S., Vetrano A., 
Honda T., Kitawaza Y., 
Kawahara H., Nakamura T.

Trials of an autonomous profiling buoy system 2016
Journal of Operational 
Oceanography

9 sup1

Younger P.L.

A simple, low-cost approach to predicting the 
hydrogeological consequences of coalfield 
closure as a basis for best practice in long-term 
management

2016
International Journal of Coal 
Geology

164

Dienus O., Sokolova E., 
Nyström F., Matussek A., 
Löfgren S., Blom L., 
Pettersson T.J.R., 
Lindgren P.-E.

Norovirus Dynamics in Wastewater Discharges 
and in the Recipient Drinking Water Source: Long-
Term Monitoring and Hydrodynamic Modeling

2016
Environmental Science and 
Technology

50 20

De Serio F., Mossa M.
Assessment of hydrodynamics, biochemical 
parameters and eddy diffusivity in a semi-enclosed 
Ionian basin

2016
Deep-Sea Research Part II: 
Topical Studies in Oceanography

133

Seo D., Lee T., Kim J., Koo Y.
Development of integrated management system 
(ISTORMS) for efficient operation of first flush 
treatment system for Urban rivers

2017 Water Practice and Technology 12 3

Meng F., Fu G., Butler D.
Cost-Effective River Water Quality Management 
using Integrated Real-Time Control Technology

2017
Environmental Science and 
Technology

51 17

Alvarez-Vázquez L.J., 
Casal G., Martínez A., 
Vázquez-Méndez M.E.

A Novel Formulation for Designing a Monitoring 
Strategy: Application to the Design of a River 
Quality Monitoring System

2017
Environmental Modeling and 
Assessment

22 4

Szwilski T.B., Smith J., 
Chapman J., Lewis M.

Cyberinfrastructure supporting watershed health 
monitoring and management

2018
WIT Transactions on Ecology 
and the Environment

228

Alves E.M., Rodrigues 
R.J., dos Santos Corrêa 
C., Fidemann T., Rocha 
J.C., Buzzo J.L.L., de Oliva 
Neto P., Núñez E.G.F.

Use of ultraviolet–visible spectrophotometry 
associated with artificial neural networks as an 
alternative for determining the water quality index

2018
Environmental Monitoring and 
Assessment

190 6

Pachepsky Y.A., Allende A., 
Boithias L., Cho K., Jamieson 
R., Hofstra N., Molina M.

Microbial water quality: Monitoring and modeling 2018 Journal of Environmental Quality 47 5

Zhang J., Qiu H., Li X., 
Niu J., Nevers M.B., Hu X., 
Phanikumar M.S.

Real-Time Nowcasting of Microbiological Water 
Quality at Recreational Beaches: A Wavelet and 
Artificial Neural Network-Based Hybrid Modeling 
Approach

2018
Environmental Science and 
Technology

52 15



28	 Syafrudin Syafrudin, Anik Sarminingsih, Henny Juliani, Mochamad Arief Budihardjo, Muhammad Thariq Sani, Hessy Rahma Wati

Shi B., Jiang J., 
Sivakumar B., Zheng Y., 
Wang P.

Quantitative design of emergency monitoring 
network for river chemical spills based on discrete 
entropy theory

2018 Water Research 134

Qiu J., Shen Z., Wei G., 
Wang G., Xie H., Lv G.

A systematic assessment of watershed-scale 
nonpoint source pollution during rainfall-runoff 
events in the Miyun Reservoir watershed

2018
Environmental Science and 
Pollution Research

25 7

Marzhan K., Dina K.,  
Roland B.

Developing high-resolution remote sensing 
technology into an advanced knowledge 
management system to assess small-scale 
hydropower potential in Kazakhstan

2018 Green Energy and Technology

Yeghiazarian L., Nistor V.
The HydroGrid as a Framework for Interconnected 
Water Systems: Emerging Technologies

2018 Water Resources Research 54 12

van Gils J., Posthuma L., 
Cousins I.T., Lindim C., 
de Zwart D., Bunke D., 
Kutsarova S., Müller C., 
Munthe J., Slobodnik J., 
Brack W.

The European Collaborative Project SOLUTIONS 
developed models to provide diagnostic and 
prognostic capacity and fill data gaps for chemicals 
of emerging concern

2019 Environmental Sciences Europe 31 1

Drohan P.J., Bechmann M., 
Buda A., Djodjic F., Doody 
D., Duncan J.M., Iho A., 
Jordan P., Kleinman P.J., 
McDowell R., Mellander P.-E., 
Thomas I.A., Withers P.J.A.

A global perspective on phosphorus management 
decision support in agriculture: Lessons learned 
and future directions

2019 Journal of Environmental Quality 48 5

Huang P., Trayler K., 
Wang B., Saeed A., Oldham 
C.E., Busch B., Hipsey M.R.

An integrated modelling system for water quality 
forecasting in an urban eutrophic estuary: The 
swan-canning estuary virtual observatory

2019 Journal of Marine Systems 199

Taufik, Nuqoba B.
The geographic information system dashboard 
prototype of Brantas River, East Java

2019
IOP Conference Series: Earth 
and Environmental Science

245 1

Stajkowski S., Zeynoddin M., 
Farghaly H., Gharabaghi B., 
Bonakdari H.

A methodology for forecasting dissolved oxygen in 
urban streams

2020 Water (Switzerland) 12 9

Vergnes J.-P., Roux N., 
Habets F., Ackerer P., 
Amraoui N., Besson F., 
Caballero Y., Courtois 
Q., De Dreuzy J.-R., 
Etchevers P., Gallois 
N., Leroux D.J., 
Longuevergne L., Le 
Moigne P., Morel T., 
Munier S., Regimbeau F., 
Thiéry D., Viennot P.

The AquiFR hydrometeorological modelling 
platform as a tool for improving groundwater 
resource monitoring over France: Evaluation over 
a 60-year period

2020
Hydrology and Earth System 
Sciences

24 2

Ashauer R., Kuhl R., 
Zimmer E., Junghans M.

Effect Modeling Quantifies the Difference Between 
the Toxicity of Average Pesticide Concentrations 
and Time-Variable Exposures from Water Quality 
Monitoring

2020
Environmental Toxicology and 
Chemistry

39 11

Khamis K., Bradley C., 
Hannah D.M.

High frequency fluorescence monitoring reveals 
new insights into organic matter dynamics of an 
urban river, Birmingham, UK

2020 Science of the Total Environment 710

Sobel R.S., Kiaghadi A., 
Rifai H.S.

Modeling water quality impacts from hurricanes 
and extreme weather events in urban coastal 
systems using Sentinel-2 spectral data

2020
Environmental Monitoring and 
Assessment

192 5

Xu X., Peck E., Fletcher D.E., 
Korotasz A., Perry J.

Limitations of Applying Diffusive Gradients in Thin 
Films to Predict Bioavailability of Metal Mixtures in 
Aquatic Systems with Unstable Water Chemistries

2020
Environmental Toxicology and 
Chemistry

39 12



	 A review of watershed-scale water quality monitoring: Integrating real-time systems and spatial modeling	 29

Cham H., Malek S., Milow P., 
Ramli M.R.

Web-based system for visualisation of water 
quality index

2020 All Life 13 1

Duttagupta S., Mukherjee 
A., Bhanja S.N., 
Chattopadhyay S., Sarkar S., 
Das K., Chakraborty S., 
Mondal D.

Achieving Sustainable Development Goal for 
Clean Water in India: Influence of Natural and 
Anthropogenic Factors on Groundwater Microbial 
Pollution

2020 Environmental Management 66 5

De Vera A., Alfaro P., Terra R.
Operational implementation of satellite-rain gauge 
data merging for hydrological modeling

2021 Water (Switzerland) 13 4

Quinn N.W.T., Tansey M.K., 
Lu T.J.

Comparison of deterministic and statistical models 
for water quality compliance forecasting in the San 
Joaquin river basin, California

2021 Water (Switzerland) 13 19

Yang H., Chen Z., Ye Y., 
Chen G., Zeng F., Zhao C.

A fuzzy logic model for early warning of algal 
blooms in a tidal-influenced river

2021 Water (Switzerland) 13 21

Jiang D., Zhu H., Wang P., 
Liu J., Zhang F., Chen Y.

Inverse identification of pollution source release 
information for surface river chemical spills using a 
hybrid optimization model

2021
Journal of Environmental 
Management

294

Zhang Y., Wu L., Deng L., 
Ouyang B.

Retrieval of water quality parameters from 
hyperspectral images using a hybrid feedback 
deep factorization machine model

2021 Water Research 204

Zhang Q., Li Z., Zhu L., 
Zhang F., Sekerinski E., 
Han J.-C., Zhou Y.

Real-time prediction of river chloride concentration 
using ensemble learning

2021 Environmental Pollution 291

Heasley C., Sanchez J.J., 
Tustin J., Young I.

Systematic review of predictive models of 
microbial water quality at freshwater recreational 
beaches

2021 PLoS ONE 16 08-Agu

Obaid A.A., Ali K.A., 
Abiye T.A., Adam E.M.

Assessing the utility of using current generation 
high-resolution satellites (Sentinel 2 and Landsat 
8) to monitor large water supply dam in South 
Africa

2021
Remote Sensing Applications: 
Society and Environment

22

Bollen E., Pagán B.R., 
Kuijpers B., van Hoey S., 
Desmet N., Hendrix R., 
Dams J., Seuntjens P.

A database system for querying of river networks: 
facilitating monitoring and prediction applications

2022 Water Supply 22 3

Chen X., Liu T., Duulatov E., 
Gafurov A., Omorova E., 
Gafurov A.

Hydrological Forecasting under Climate Variability 
Using Modeling and Earth Observations in the 
Naryn River Basin, Kyrgyzstan

2022 Water (Switzerland) 14 17

Santos-Fernandez E., 
Ver Hoef J.M., Peterson E.E., 
McGree J., Isaak D.J., 
Mengersen K.

Bayesian spatio-temporal models for stream 
networks

2022
Computational Statistics and 
Data Analysis

170

Zulkifli C.Z., Sulaiman S., 
Ibrahim A.B., Soon C.F., 
Harun N.H., Hairom N.H.H., 
Setiawan M.I., Chiang H.H.

Smart Platform for Water Quality Monitoring 
System using Embedded Sensor with GSM 
Technology

2022
Journal of Advanced Research 
in Fluid Mechanics and Thermal 
Sciences

95 1

Zhang Y., Thorburn P.J.
Handling missing data in near real-time 
environmental monitoring: A system and a review 
of selected methods

2022
Future Generation Computer 
Systems

128

Shan K., Ouyang T., 
Wang X., Yang H., Zhou B., 
Wu Z., Shang M.

Temporal prediction of algal parameters in Three 
Gorges Reservoir based on highly time-resolved 
monitoring and long short-term memory network

2022 Journal of Hydrology 605

Shakak N.B.I.
Simulation of environmental pollution using 
advance technology and modeling

2022

International Archives of the 
Photogrammetry, Remote 
Sensing and Spatial Information 
Sciences - ISPRS Archives

43
B4-

2022



30	 Syafrudin Syafrudin, Anik Sarminingsih, Henny Juliani, Mochamad Arief Budihardjo, Muhammad Thariq Sani, Hessy Rahma Wati

Bi J., Zhang J., Yuan H., 
Qiao J.

Integrated Spatio-Temporal Prediction for Water 
Quality with Graph Attention Network and 
WaveNet

2022
Conference Proceedings - IEEE 
International Conference on 
Systems, Man and Cybernetics

2022- 
October

Agade P., Bean E.Z., 
Dean R.N., Blersch D., 
Vasconscelos J., 
Knappenberger T.,  
Brantley E.

GatorByte: A Water-Quality Mapping Buoy for 
Locating Watershed Pollution Sources

2022 Proceedings of IEEE Sensors
2022- 

October

Liu M., Hu J., Huang Y., 
He J., Effiong K., Tang T., 
Huang S., Perianen Y.D., 
Wang F., Li M., Xiao X.

Probabilistic prediction of algal blooms from basic 
water quality parameters by Bayesian scale-
mixture of skew-normal model

2023 Environmental Research Letters 18 1

Jung W.S., Kim Y.D.

Evaluation of Watershed Water Quality 
Management According to Flow Conditions 
through Factor Analysis and Naïve Bayes 
Classifier

2023 Sustainability (Switzerland) 15 13

Latwal A., Rehana S.,  
Rajan K.S.

Detection and mapping of water and chlorophyll-a 
spread using Sentinel-2 satellite imagery for water 
quality assessment of inland water bodies

2023
Environmental Monitoring and 
Assessment

195 11

Silkin S.V., Kulikov E.E., 
Popov I.A., Pekov S.I.

Mineral composition modelling of natural surface 
water

2023
International Journal of 
Environmental Analytical 
Chemistry

103 17

Zhang Y., Kong X., Deng L., 
Liu Y.

Monitor water quality through retrieving 
water quality parameters from hyperspectral 
images using graph convolution network with 
superposition of multi-point effect: A case study in 
Maozhou River

2023
Journal of Environmental 
Management

342

Wang L., Tang Q., Li W., 
Wang X., Zhang H., Xu J., 
Zhao Z., Yu J., Zhang H., 
Sun Q., Bai Y.

Remote sensing image analysis and 
cyanobacterial bloom prediction method based on 
ACL3D-Pix2Pix

2023
Desalination and Water 
Treatment

297

Jeung M., Jang J., Yoon K., 
Baek S.-S.

Data assimilation for urban stormwater and water 
quality simulations using deep reinforcement 
learning

2023 Journal of Hydrology 624

Choi J., Lim K.J., Ji B.
Robust imputation method with context-aware 
voting ensemble model for management of water-
quality data

2023 Water Research 243

Jadhav A.R., Pathak P.D., 
Raut R.Y.

Water and wastewater quality prediction: current 
trends and challenges in the implementation of 
artificial neural network

2023
Environmental Monitoring and 
Assessment

195 2

Naloufi M., Abreu T., 
Souihi S., Therial C., 
Rodrigues N.A.D.P., 
Le Goff A.G., Saad M., 
Vinçon-Leite B., Dubois P., 
Delarbre M., Kennouche P., 
Lucas F.S.

Long-Term Stability of Low-Cost IoT System for 
Monitoring Water Quality in Urban Rivers

2024 Water (Switzerland) 16 12

Sarminingsih A., Juliani H., 
Budihardjo M.A., 
Puspita A.S., Mirhan S.A.A.

Water Quality Monitoring System for Temperature, 
pH, Turbidity, DO, BOD, and COD Parameters 
Based on Internet of Things in the Garang 
Watershed

2024
Ecological Engineering and 
Environmental Technology

25 2

Whitehead P.G., Edmunds 
P., Bussi G., O’Donnell 
S., Futter M., Groom S., 
Rampley C., Szweda C., 
Johnson D., Triggs Hodge A., 
Porter T., Castro G.

Real-time water quality forecasting in rivers using 
satellite data and dynamic models: an online 
system for operational management, control and 
citizen science

2024
Frontiers in Environmental 
Science

12



	 A review of watershed-scale water quality monitoring: Integrating real-time systems and spatial modeling	 31

Pang J., Luo W., Yao Z., 
Chen J., Dong C., Lin K.

Water Quality Prediction in Urban Waterways 
Based on Wavelet Packet Denoising and LSTM

2024 Water Resources Management 38 7

Shi X., Jovanovic D., 
Meng Z., Hipsey M.R., 
McCarthy D.

Modelling faecal microbe dynamics within 
stormwater constructed wetlands

2024 Water Research 248

Wade J., Kelleher C., 
Kurylyk B.L.

Incorporating physically-based water temperature 
predictions into the National water model 
framework

2024
Environmental Modelling and 
Software

171

Shi P., Kuang L., Yuan L., 
Wang Q., Li G., Yuan Y., 
Zhang Y., Huang G.

Dissolved oxygen prediction using regularized 
extreme learning machine with clustering 
mechanism in a black bass aquaculture pond

2024 Aquacultural Engineering 105

Amalia A.V., Fariz T.R., 
Lutfiananda F., Ihsan H.M., 
Atunnisa R., Jabbar A.

Comparison of swat-based ecohydrological 
modeling in the Rawa Pening catchment area, 
Indonesia

2024 Jurnal Pendidikan IPA Indonesia 13 1

Ramadan E.M., Moussa A., 
Magdy A., Negm A.

Integration of hydrodynamic and water quality 
modeling to mitigate the effects of spill pollution 
into the Nile River, Egypt

2024
Environmental Science and 
Pollution Research

31 35


