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Abstract 
The study is a critical analysis of the Environmental 

Sensitive Index (ESI) and oil spill monitoring 

systems in riverine ecosystems and its importance 

for protecting environment and people’s jobs. This 

study offers an overview of the state of the art of ESI 

assessment and available technologies for the 

detection of oil spills and their efficacy in the 

riverine environment via a thorough literature 

analysis. The results show how technological 

developments such as remote tracking, GIS 

integration and AI-based models have made 

possible early detection of problems and timely 

interventions. The study indicates the necessity to 

construct specialised ESI models addressing the 

functioning of river systems from biological, socio-

economic and hydrological perspectives. It also 

addresses the far-reaching social and economic 

implications of oil spills on fishing and agricultural 

communities and recommends community 

engagement and capacity building. Problems 

mentioned included insufficient infrastructure, lack 

of localised sensitivity data, lack of training, and 

unpredictability resulting from climate change. The 

report recommends a system that uses state-of-the-

art monitoring technology combined with 

community involvement to improve spill response 

times and minimise environmental impact. Finally, 

this study emphasises the need of using proactive, 

technology-based strategies adapted to local 

conditions for managing riverine ecosystems 

without adverse effects in the context of growing 

industrial activity. The report asks for legislative 

changes, investment in new technology, developing 

people’s skills and climate-resilient models to 

protect people’s jobs and the environment from the 

threat of oil spills. 
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I. Background to the study 
Environmental sensitivity indices (ESI) and 

oil spill monitoring are important components in the 

management of oil spill accidents especially in 

riverine environment that are extremely vulnerable 

to ecological and socio-economic consequences. 

Riverine ecosystems provide important homes for 

many species of plants and animals, support local 

livelihoods via fishing, farming and shipping, and 

supply important water supplies for residential and 

industrial uses (Smith et al., 2020). These 

ecosystems are vulnerable to oil spills and need 

systematic approaches to risk assessment, oil spill 

monitoring and application of appropriate response 

strategies. 

The value of ESI is that it rates sites 

according to how sensitive the environment is. The 

evaluation includes a wide range of characteristics, 

including biodiversity, endangered species, water 

flow rates, and the socio-economic importance of 

the region (Williams & Brown, 2021). For example, 

the sensitivity of rivers in metropolitan areas or 

designated wildlife conservation zones may be rated 

as high because of the biological importance of such 

sites, and the potential for a negative social or 

economic impact of an oil spill. 

From real life settings, such judgements are 

very vital. The 2010 Kalamazoo River oil spill in 

Michigan demonstrated the severe effect of delayed 

discovery and response with almost 40 miles of 

river habitat lost and billions required to recover 

(EPA, 2011). Similar effects were also seen from 

the 2019 leak in the Niger Delta that led to 

widespread loss of aquatic life and local fisheries 

that support livelihoods of thousands of people 

(Amadi et al., 2020). 

It is assisted by oil spill monitoring systems 

for early detection and rapid reaction. Remote 

sensing technology like as satellite images, 

monitoring from the air and sensors on drones have 

changed the way spills are tracked. These 

technologies deliver quick data on large areas 

(Johnson and Lee, 2019). Some satellites and 

Synthetic Aperture Radar (SAR) can detect oil spills 

in bad weather situations. Thus they are easy to 

clean up.  

Integrated monitoring systems combining 

physical sensors and Geographic Information 

Systems (GIS) can provide first responders a solid 

estimate of the size of the spill and how best to 

prioritise containment procedures. The 2010 

Deepwater Horizon catastrophe demonstrated the 
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need of effective tracking systems. The catastrophe 

had place at sea but the fact that oil entered rivers 

demonstrated the need of closely monitoring all 

related ecosystems (NOAA, 2012). 

Technological advances and community 

engagement are essential to boost the efficacy of 

spill response. Local residents living along river 

banks may get crucial early warning indicators from 

indigenous knowledge about changes in water 

quality or animal behaviour. It is a team approach 

that we have these groups that watch them that make 

us more prepared to act. 

Development of Environmental Sensitive 

Indices together with state-of-the-art oil spill 

detection technology is an example of proactive 

method for protection of riverine ecosystems. Such 

systematic techniques would allow policymakers 

and environmental managers to direct their attention 

to high-risk locations for preventative actions, such 

as infrastructure strengthening or buffer zone 

creation (Williams & Brown, 2021). They also 

allow for focused clean-up after a spill, meaning less 

harm to the ecology and less economic 

expenditures. 

Finally, it is important to appreciate the 

importance of ESI and oil spill monitoring in 

riverine habitats for sustainable management. 

Industrial activity is increasing, particularly in 

developing nations, and this raises the potential of 

spills. Investing in improved evaluation 

methodologies and monitoring systems will help to 

reduce environmental degradation but also to secure 

the livelihoods that are dependent on these vital 

ecosystems. More effort has to be done to develop 

standard methods for fast response based on riverine 

environment, and integrate new technologies such as 

artificial intelligence for predictive modelling. 

 

Statement of the Problem 

Oil spills continue to be a major problem 

for many river areas, despite improvements in 

technology for monitoring the environment. This is 

mainly because the ability to analyse the situation 

and detect in real time is limited. The Environmental 

Sensitive Index (ESI) is an important tool to 

prioritise response efforts, but its use is 

heterogeneous across areas and sometimes lacks 

integration with large oil spill monitoring systems. 

Such separation hampers decision making, resulting 

in a long period of ecological damage and socio-

economic consequences. Such as the recurrent oil 

spills in Nigeria’s Niger Delta which have had 

adverse effects on aquatic biodiversity and disrupted 

the livelihoods of the local fishing community 

(Oluwaniyi & Ojo, 2019). The lack of strong 

monitoring and response mechanisms aggravates 

environmental degradation and threatens sustainable 

development. Moreover, the lack of credible 

information hinders the development of policies and 

the allocation of resources, thus weakening the 

attempts to reduce the repercussions of spills. The 

combination of ESI with other leading monitoring 

methods, such as remote sensing and GIS, might 

greatly enhance early detection and response 

strategies. Hence, a comprehensive evaluation of the 

implementation of these policies is needed to 

safeguard the river ecology and boost the 

community’s resilience against oil spill hazards. 

 

Research Aim and Objectives 

The primary aim of this study is to critically 

examine the relevance of Environmental Sensitive 

Index (ESI) and oil spill monitoring within riverine 

areas and their implications for local livelihoods. To 

achieve this aim, the study will pursue the following 

objectives: 

1. To review existing methodologies for ESI 

assessment in riverine environments. 

2. To evaluate current oil spill monitoring 

techniques used in riverine ecosystems. 

3. To analyze the relationship between 

environmental sensitivity indices and oil 

spill response effectiveness. 

4. To assess the impact of oil spills on local 

livelihoods within affected riverine 

communities. 

 

Research Questions 

In addressing the study's objectives, the following 

research questions will guide the investigation: 

1. What are the current methodologies 

employed for assessing environmental 

sensitivity in riverine areas? 

2. How effective are existing oil spill 

monitoring systems in detecting and 

responding to spills in riverine 

environments? 

3. What is the relationship between 

environmental sensitivity indices and the 

success rate of oil spill responses? 

4. How do oil spills impact local livelihoods 

dependent on riverine ecosystems? 

 

Rationale for the Study 

This work is essential since it addresses the 

need for management of oil spills in riverine 

ecosystems, which have been less investigated than 

maritime regions (Nguyen et al., 2023). This project 

will provide helpful information for long-term 

management approaches to safeguard the 
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environment and support people’s livelihoods in the 

region by carefully examining how ESI might 

influence successful monitoring and response 

approaches. A united framework might also provide 

a model for politicians, environmental organisations 

and community people attempting to preserve 

already delicate river habitats safe from pollution. 

 

In summary, the importance of Environmental 

Sensitive Indexes and robust mechanisms to monitor 

oil spills are key to making riverine regions more 

environmentally resilient and economically stable. 

The objective of this research is to provide a 

comprehensive review that may inform policy and 

practicalities to minimise the impacts of oil spills on 

these critical ecosystems. 

 

II. Literature Review 
The ESI (Environmental Sensitivity Index) 

and the oil spill monitoring are critical tools for an 

effective response and mitigation of the riverine 

ecosystems that are especially sensitive to 

environmental deterioration due to oil spills. The 

ESI maps are important sources of information on 

the vulnerability of distinct shoreline types and 

natural resources for the targeted response activities 

(Daling et al., 2011). In addition, the advancement 

of remote sensing technologies has substantially 

enhanced the real-time monitoring capability, 

allowing the rapid identification and assessment of 

spills (Li et al., 2018). Real world studies have 

demonstrated that the combination of ESI data with 

geographic information systems (GIS) is crucial for 

the better allocation of resources during spill 

response (Khan et al., 2020). But it is challenging to 

determine how responsive an ecosystem is in a river 

that varies rapidly because of biological processes 

and shifting flow patterns (Smith & Jones, 2019). 

To be able to observe oil spills efficiently you need 

the proper gadgets in the correct locations and the 

knowledgeable crew on standby. This shows that 

additional technical innovation and talent 

development are still needed (Zhang et al., 2022). 

Finally, the deliberate use of ESI and monitoring 

techniques is vital to safeguarding riverine habitats 

and securing the livelihood of those reliant upon 

them. 

 

Concepts and Theory 

Environmental Sensitive Index (ESI):  

The Environmental Sensitive Index (ESI) is 

an essential instrument in oil spill management 

because it identifies the most significant response 

measures by assessing the importance of the 

impacted regions to the environment and the 

economy (Liu et al. 2018). It takes into 

consideration aspects such as habitat sensitivity, the 

existence of endangered species and socio-economic 

worth to provide a comprehensive score to assist 

individuals make choices (NOAA, 2016). This is 

where ESI ensures work is targeted to the regions 

with the greatest economic and environmental 

impact. This minimises harm to the environment 

and optimum use of resources. When employed, it 

improves the efficacy and efficiency of spill 

response strategies which benefits long term 

environmental management during these incidents 

(Rao et al., 2020). When used properly, ESI may 

greatly ease environmental protection and resource 

conservation following an oil spill. 

 

Oil Spill Monitoring:  

Oil spill monitoring is the process of 

keeping track of the size, movement and 

environmental impact of spills over time. Overhead 

monitoring, remote sensing, in-situ sampling and 

Geographic Information System (GIS) are 

significant tools in this process (Mitra et al., 2019). 

Remote sensing acquires vast volumes of 

geographical data that may be utilised in a short 

time to assess the extent of the spill (Li et al., 2020). 

Aerial observation provides real time observable 

observation which is highly critical during crises 

(Smith & Johnson, 2018). The detailed chemical 

investigation of impaired streams may be done by 

in-situ sampling (Kumar et al., 2021). GIS integrates 

many kinds of data to support decision making and 

comprehensive analysis (Zhao & Wang, 2017). 

Monitoring is vital for early detection of issues, to 

determine the extent of damage, and to prepare for 

repair efforts that reduce the environmental and 

economic impacts. 

 

Relevance to River Ecosystems:  

Khan et al. (2020) reported that river 

ecosystems are more susceptible to oil spills 

pollution due to frequent changing water levels and 

the proximity of ecosystems to industrial activity. 

Oil spills may harm marine life, contaminate the 

water, and devastate people dependent on fishing 

and farming for their livelihoods, as Smith and Lee 

(2019) note. ESI models, adapted for riverine 

contexts, increase response efficiency by including 

unique hydrological and biological attributes 

(Johnson et al., 2021). These targeted approaches 

provide rapid decision making, prioritisation of 

response measures and minimisation of long term 

environmental impact. This implies that spills 

management in these vulnerable environments need 

tailored ESI techniques. 
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Empirical review 

Application of ESI to Riverine Oil Spill Response 

The Environmental Sensitivity Index (ESI) 

has been the subject of extensive study for its 

application to oil spill response in rivers and has 

shown effectiveness in identifying the highest 

priority locations. For example, Zhang et al. (2017) 

used a modified ESI model in the Yangtze River 

basin. They incorporated habitat-specific sensitivity 

variables to increase the accuracy of the responses. 

This facilitated the identification of sites that are 

particularly detrimental for the environment, which 

resulted in a more efficient use of resources in 

clean-up of spills. As with other studies, the need of 

including ecological and hydrological data in ESI 

models to improve predictability and response 

planning has been discussed (Gundlach et al., 2011; 

Lee et al., 2019). These gains demonstrate the 

significance of using tailored ESI applications for 

efficient oil spill clean-up in riverine regions. 

 

Effectiveness of Monitoring Technologies  

The monitoring technologies, in particular 

the remote sensing systems, have proved to be of a 

great usefulness in the management of natural 

resources. Mitra et al. (2019) explored multispectral 

satellite imagery for identifying spills in the Ganges-

Brahmaputra delta delivering early information 

within hours after an event. This rapid identification 

of problems allows for rapid responses, which 

reduces the damage to the environment and 

improves the efficiency of resource use. These 

technologies are crucial for real-time monitoring of 

large and distant areas, providing data with a high 

degree of spatial and temporal accuracy (Gao et al., 

2020). The integration of remote sensing with 

Geographic Information Systems (GIS) boosts 

analytical skills and helps people in making 

informed choices (Li & Wang, 2021). In conclusion, 

these enhanced tracking tools are crucial in disaster 

management and environmental monitoring. 

 

Impact on Livelihoods 

According to Ahmed et al. (2021), oil spills 

are also a major danger to those who depend on 

fishing and agriculture for their livelihood, leading 

to economic instability and food shortages. 

Inadequate supervision increases response times 

(Smith & Jones, 2019) and this means that spills 

wreak greater environmental harm before 

containment methods are undertaken. We can 

mitigate the environmental and economic impacts of 

these risks via the use of ESI maps and regular 

monitoring. This is because we can respond fast and 

clean up certain regions that require it (Brown et al., 

2020). It is necessary to fund the development of 

real-time monitoring technologies and educate first 

responders to minimise long-term damage to 

vulnerable groups (Lee & Kim, 2022). When it 

comes down to it, we need defensive management 

methods to safeguard jobs from oil spills. 

 

Challenges and Gaps 

Even with the great gains gained, there are 

still several difficulties that make it challenging to 

employ ESI and oil spill tracking successfully in 

riverine settings. One major issue is the poor 

technological infrastructure which makes it 

challenging to gather and assess data in real time 

(Sarkar & Roy, 2020). Moreover, the lack of 

localised sensitivity data makes it difficult to 

estimate risks correctly and develop response 

strategies (Zhou et al., 2019). There is still a lack of 

training for responders and this implies that the 

responses are not as effective as they might be 

(UNEP, 2020). Climate change makes planning 

considerably more difficult since it increases 

environmental variability, and unpredictability 

(IPCC, 2021). We need a unified approach to fill 

these gaps, including improved technology, 

increased data gathering at the local level, skill 

development of the population and development of 

climate resilient models that will make responses 

more effective. 

 

Summary 

The study underscores an important 

necessity to incorporate Environmental Sensitive 

Index frameworks and advanced oil spill monitoring 

technologies for effective protection of riverine 

ecology. Empirical research suggests that such 

integration enhances response efficiency and lowers 

negative impacts on livelihoods. As the current 

challenges are overcome, there is a need for 

concerted efforts in capacity building, technical 

investment and localised research to enhance 

models for distinct riverine environments. 

 

III. Research Methodology 
The research methodologies employed in 

this study was systematic literature review. This 

strategy was selected because this approach is able 

to gather all the recent data, thoughts and real-world 

discoveries on the usefulness of the Environmental 

Sensitive Index (ESI) in the monitoring of oil spills 

in riverine ecosystem without any prejudice. A 

comprehensive literature review is useful, as it 

offers a chance to objectively evaluate a large 

number of relevant academic publications, reports 

and case studies. This allows the research to include 
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a broad range of techniques, technical developments 

and policy frameworks that have been recorded in 

the current literature (Pope et al. 2007). It is also 

useful for identifying gaps in the present study and 

areas that need additional exploration. 

 

Search strategy: 

Data will be obtained from credible 

academic sources including Scopus, Web of 

Science, Google Scholar, and particular 

environmental sciences databases. In the paper 

keywords such as “Environmental Sensitive Index”, 

“oil spill monitoring”, “riverine ecosystems” and 

“oil spill response effectiveness” were adopted. 

Inclusion criteria was based on peer-reviewed 

studies published in the previous ten years to 

guarantee the current relevance (Kitchenham & 

Charters, 2007). 

 

Inclusion and Exclusion Criteria 

The selected research should be on riverine 

or freshwater ecosystems, use or assess ESI 

techniques or oil spill monitoring technology, and 

published in peer-reviewed journals or reputable 

institutional reports. Studies without actual data and 

without direct connection to rivers will not be 

included. This will help to keep the focus and the 

quality (Booth et al., 2016). 

 

Analysis of Data 

The retrieved literature was reviewed 

thoroughly for relevance, quality and 

methodological rigour. Data extraction will be 

limited to summarising major issues such as 

methodology for ESI evaluation, technical 

instruments for spill detection, case studies on the 

efficacy of response and implications on livelihoods. 

Findings will be synthesised across studies using a 

thematic analysis (Braun & Clarke, 2006). 

 

Quality Management 

The quality of the selected studies was evaluated by 

applying known criteria such as clarity of approach, 

validity of data and relevance to research subjects. 

This enables conclusions to be drawn from trusted 

sources (Higgins et al, 2019). 

 

Reporting:  

The study was structured into sections covering 

current practices, technological developments, 

challenges faced and recommendations for 

integrated monitoring systems. The review will be 

performed according to the PRISMA standards to 

improve transparency and reproducibility (Moher et 

al., 2009). 

This systematic review technique was designed to 

provide a strong basis for understanding the present 

status of ESI application and oil spill monitoring in 

riverine situations while guiding future research 

goals. 

 

IV. Data Presentation and Results 
The search of data was obtained from credible 

academic sources including Scopus, Web of 

Science, Google Scholar, and particular 

environmental sciences databases. In the paper 

keywords such as “Environmental Sensitive Index”, 

“oil spill monitoring”, “riverine ecosystems” and 

“oil spill response effectiveness” were adopted. 

Inclusion criteria was based on peer-reviewed 

studies published in the previous ten years to 

guarantee the current relevance. 

The search resulted in 650 records. Endnote 

removed 145 duplicates removed a further 90 

duplicates, leaving 415 entries to be screened on the 

basis of titles and descriptions. 

During the screening step we excluded 381 records, 

since they did not fulfil one or more of the inclusion 

criteria. People were frequently excluded because 

their work was not related to the subject of the 

research, was not focused on riverine ecosystems or 

oil spill monitoring technologies, or did not have 

enough real-world data to be used for application to 

environmental sensitivity indices. After this 34 

studies remained to be read in full. 

Closer examination of these entire texts resulted in a 

further 19 papers being excluded on the grounds of 

methodological faults or insufficient relevance to 

the major research issues. Thus, 15 studies fulfilled 

all criteria and thus are studied in the paper.  
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This information is summarise in the PRISMA Flowchart below: 

 
 

These studies use several research methodologies 

such as spatial analysis, usage of remote sensing 

technologies, GIS based modelling and case study 

reviews. Quality assessment demonstrated that all 

the studies used appropriate research methods and 

were related to the research objectives. 

 

These studies have shown that monitoring systems 

integrating ESI with remote sensing technologies 

like satellite images and GIS are effective in early 

detection and cleanup of oil spills in riverine 

environments. The subject summary was split into 

four major themes: (1) technological advancements 

in spill detection; (2) the need for tailored ESI 

models for riverine ecosystems; (3) impacts on local 

economies and methods of livelihood; and (4) issues 

that hinder effective spill response. 

Overall, this systematic review demonstrates the 

importance of collection and analysis of a large 

amount of data to enhance the management of oil 

spills in riverine areas. It emphasises the need of 

bringing in technology and including people as part 

of this process. 

 

Literature Matrix 

Author/Year Purpose Methodology Findings Implication 

Adebangbe, 

S. A. (2025) 

The purpose of the 

study was to monitor 

and manage oil 

spillage and 

environmental 

degradation using 

geo-information 

techniques. 

Methodology 

involves geospatial 

analysis, with a 

focus on the Niger 

Delta. 

Methodology 

involves geospatial 

analysis, with a focus 

on the Niger Delta. 

This implies that 

remote sensing can 

enhance spill 

management 

strategies. 
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Adebangbe, 

S. A., Dixon, 

D. P., & 

Barrett, B. 

(2025) 

The objective is to 

evaluate 

contaminated land 

and environmental 

impacts of oil spills 

via remote sensing in 

the Niger Delta 

The study uses 

satellite imagery, 

the study assesses 

land degradation 

and spill extent 

Results indicate 

significant 

environmental 

damage. 

This suggests that 

remote sensing as a 

vital tool for 

monitoring and 

remediation planning. 

Ekunke et al. 

(2025) 

The study explores 

modern technologies 

for oil spill 

containment and 

response, including 

physical, chemical, 

and biological 

methods. 

The study adopted 

case studies 

The result 

demonstrates that 

successful application 

of these technologies; 

as well as 

emphasizing the 

importance of 

adopting best 

practices for effective 

spill response. 

This review shows that 

we need to develop 

better technologies for 

environmentally 

friendly oil spill 

cleanup, methods for 

real-time spill 

detection, and the 

coordination of 

worldwide policies so 

that we can develop 

more effective and 

long-lasting systems 

for responding to oil 

spills. 

Elijah B.U. 

Chigweyaru 

et al. (2025) 

The study 

investigates health 

and economic 

impacts of oil 

spillage in Rivers 

State from 2014-2024 

It was carried out 

using surveys and 

economic analysis 

Findings reveal 

adverse health effects 

and livelihood 

disruptions 

This highlights the 

need for improved spill 

management to protect 

communities 

Hemmati et 

al. (2024) 

This research maps 

environmental 

sensitivity indices in 

a heavily 

industrialized Persian 

Gulf area using GIS 

techniques. 

Exploratory study 

using GIS 

techniques 

The findings show 

areas at high risk of 

damage from oil 

spills 

This stresses the 

importance of 

sensitivity mapping for 

proactive spill 

prevention. 

Iloabuchi et 

al. (2024) 

The paper reviews 

remote sensing 

technologies for oil 

spill monitoring in 

Nigeria 

Exploratory study The findings 

emphasizes that 

satellite data's role in 

early detection and 

assessment, which is 

crucial for timely 

response efforts 

This method is more 

fast and efficient 

Johnbull & 

Perri (2023) 

This article examines 

socio-economic 

impacts of oil spills 

in Rivers State's Kula 

Kingdom 

It uses field surveys 

and socio-economic 

analysis 

The results 

demonstrate 

significant negative 

effects on local 

livelihoods 

This underscores the 

importance of 

integrated monitoring 

systems 
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Kim et al. 

(2026) 

The authors review 

satellite remote 

sensing techniques 

It combined Google 

Earth Engine for oil 

spill detection with 

extensive literature 

review 

The study highlighted 

the advancements 

that improve 

monitoring accuracy 

and timeliness 

The study highlights 

the necessity of 

incorporating very-

high-resolution 

satellite data and 

achieving tighter 

integration of external 

deep learning 

framework within 

GEE to improve 

detection accuracy and 

the operational 

applicability in 

complex marine 

and coastal contexts. 

Lawal & 

Oyegun 

(2017) 

This study develops 

GIS-based models to 

assess shoreline 

sensitivity to oil spills 

in Rivers State 

Review of literature. The study provides a 

tool for risk 

assessment and 

disaster preparedness. 

The study provides a 

tool for risk 

assessment and 

disaster preparedness. 

O’Farrell et 

al. (2025) 

Utilizing AI and earth 

observation data, this 

research quantifies 

crude oil impacts on 

mangroves in the 

Niger Delta, 

Exploratory study demonstrating 

innovative 

approaches for 

ecosystem health 

assessment 

findings emphasise the 

critical need for the 

continuous and 

comprehensive 

monitoring 

of oil extractive 

regions using satellite 

remote sensing to 

support decision-

making and policies to 

mitigate environmental 

and societal damage 

from pipeline oil spills, 

particularly 

in ecologically 

vulnerable regions 

such as the Niger 

Delta. 
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Okafor & 

Ibeneme 

(2025) 

The study assesses 

health impacts on 

inhabitants due to oil 

spills in Bodo area 

survey There are changes in 

the land cover in 

terms of plant cover, 

barren 

ground/grassland, 

water bodies and 

built regions. The 

findings further 

indicate that the oil 

spill has significant 

effects on the 

environment and 

socio-economic lives 

of the population of 

the region such as 

death of aquatic life, 

poisoning of fresh 

water, loss of 

employment and 

livelihood and 

environmental 

degradation 

The study reveals the 

significant health risks 

that necessitate 

improved safety 

measures 

Olawuyi & 

Eludoyin 

(2022) 

The paper analyzes 

community 

livelihood disruptions 

caused by oil spillage 

through case studies 

in Delta State 

Oil spillage disaster 

awareness depends 

on age, marital status, 

and education, not 

sex, religion, or 

occupation. 

According to study, 

oil spills have caused 

farmland loss, health 

difficulties, animal 

loss, family 

members, reduced 

growth and output, 

crop damage, and 

income loss. The 

study revealed that 

compensations do not 

match the risk of 

livelihood loss and 

that the relationship 

between oil 

companies and 

individuals is 

strained. 

The study advocates 

for sustainable 

mitigation strategies 

Samsuria et 

al. (2025) 

The review discusses 

problems, effects, and 

sensing methods for 

water pollution 

monitoring 

Survey The results 

emphasizes 

technological 

advancements like 

hyperspectral 

imaging for effective 

detection 

The results help create 

more sustainable and 

efficient plans for 

controlling oil 

pollution and 

safeguarding aquatic 

habitats. 
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Uribe-

Martínez et 

al. (2024) 

Analyzing recent 

incidents in Mexico’s 

Gulf 

It uses multi-

platform data 

It demonstrates 

affordable 

operational systems 

for ongoing spill 

monitoring. 

This study further 

points out short-, 

medium- and long-

term research agendas, 

and provides a 

reference for a 

continuous, 

transferable and 

operational system for 

oil spill monitoring. 

Wang et 

al.(2024) 

This framework 

assesses inland oil 

spill impacts on river 

basins through 

integrated modeling 

approaches based on 

case studies from 

China 

Case studies from 

China 

It highlights 

comprehensive 

impact assessment 

methods. 

 

The research 

highlights the need for 

integrated modelling 

methodologies to 

evaluate the 

implications of inland 

oil spill on river 

basins. Its 

consequences include 

improving 

environmental 

management, 

influencing policy 

choices and 

encouraging 

sustainable practices 

by carrying out 

extensive impact 

evaluations using 

Chinese case studies. 

Ifuwe, C.C. 

and 

Onosemuode, 

C. (2024 

This study 

focuses on 

Environmental 

Sensitivity mapping 

for sustainable 

environmental 

clean-up and 

contingency planning 

along the 3.0 km of 

AGIP pipeline at 

Asemoku in Delta 

State, Nigeria. 

Exploratory study The study established 

that the 

Natural Vegetation 

areas are the most 

vulnerable and 

sensitive feature as a 

result of their size 

along the created 

buffer zones.  

 

Findings from this 

study thus provide 

insight into the most 

sensitive land-

use/land-cover, in the 

event 

of a spill or emergency 

oil spill clean-up 

response. 

 

V. Discussion of Findings 
Four major themes emerged from the 

review of selected articles which include: (1) 

technological advancements in spill detection; (2) 

the need for tailored ESI models for riverine 

ecosystems; (3) impacts on local economies and 

methods of livelihood; and (4) issues that hinder 

effective spill response. The discussion therefore 

centers around these key themes as presented below 

 

Theme 1: Technological Advancements in Spill 

Detection 

The first theme is how technology has 

enhanced the detection of spills. The reviewed 

studies reveal that considerable progress has been 

achieved in the use of novel technology for the 

detection of oil spills in river ecosystems. Methods 

of remote sensing, in particular Synthetic Aperture 

Radar (SAR) and multispectral satellite imagery 

have been identified as a means of rapidly locating 

spills. For instance, Mitra et al. (2019) showed how 

to use data from multi-spectral satellites to quickly 

detect spills in large rural areas and respond 

immediately. Adebangbe learned in 2025 that 
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satellite data may be utilised for spatial analysis to 

analyse how land changes from oil spills in the 

Niger Delta. This shows how remote sensing can be 

useful for environmental assessment. 

Artificial intelligence (AI) and earth observation 

data provide potential for new approaches to 

improving monitoring. O’Farrell et al. (2025) 

explain how AI-based models may be used to 

anticipate the impacts of heavy oil on mangroves, 

helping us learn more about the impacts of bad oil 

spills. Kim et al. further said that the deep learning 

technique may be utilised to enhance real-time 

tracking in systems such as Google Earth Engine in 

2026. 

Comparative study indicates that these new 

technologies are more effective in comparison with 

the traditional approaches such as visual inspection 

or chemical sample alone, which are sometimes 

restricted by time and area (Li & Wang, 2021). The 

combination of satellite remote sensing, GIS and AI 

has not only enhanced the detection speed but also 

facilitated the prediction of spill trajectories and 

potential impacts (Gao et al., 2020). But there are 

still problems, because operations are expensive and 

require technical know-how. The findings indicate 

that there is an overall need for continuous 

improvement in technology for oil spill management 

in riverine ecosystems. 

 

Theme 2: The need for tailored ESI models for 

riverine ecosystems 

The second theme is the need for creating 

environmentally sensitive index (ESI) models that 

may be adapted to riverine conditions to enhance oil 

spill response operations. All reviewed studies have 

confirmed that the traditional ESI models, usually 

designed for marine or coastal areas, are not suitable 

for riverine systems due to the different biological, 

socioeconomic and hydrological characteristics of 

these areas (Gil-Agudelo et al., 2019; Lawal & 

Oyegun, 2017). According to Hemmati et al. (2024), 

the sensitivity map of the Persian Gulf should be 

updated to incorporate additional industrial activity 

and other coastal characteristics. This points to the 

need of custom models. And the variances in water 

movement and the way objects travel across rivers is 

also highly essential in establishing spill dynamics, 

stated Adebangbe et al. (2025). This requires the 

inclusion of specific ESI parameters. 

This conclusion is supported by many 

research indicating that generic models typically 

misestimate hazards or misallocate response 

resources in riverine environments (Zhang et al., 

2017). Zhang et al. (2017) have successfully 

improved their ESI model by integrating habitat-

specific factors in Yangtze River. This helped to 

identify high risk sites more easily. Liu et al. 2023 

also talked about the importance of including 

biology, water data in ESI studies to make 

predictions more accurate and for people to plan 

how to respond. 

For places out at sea, an easily available 

way to be sensitive to the shoreline may be enough. 

But for river ecosystems we need models that can 

cope with abrupt changes in water levels, flow 

patterns and the behaviour of living things (Johnson 

et al., 2021).  Hence, while developing ESI models 

for rivers, a comprehensive strategy that considers 

hydrology, ecology, and socio-economic variables 

should be used to provide a complete risk 

assessment and effective spill control (Nguyen et al., 

2023). This developed technique is targeting 

extremely vulnerable locations to boost the efficacy 

of reactions, but also reduce harm to environment 

and people’s lives. 

 

Theme 3: Impacts on Local Economies and 

Methods of Livelihood 

All the research reviewed emphasised the 

serious economic impact of oil spills on riverine 

communities, particularly on those whose 

occupation depends on water resources. Chigweyaru 

et al. (2025) recognised serious difficulties in 

employment and health of people in Rivers State. 

They linked this to the recurrent spills which 

enhanced the people’s social and economic 

vulnerabilities. Besides, Olawuyi and Eludoyin 

(2022) noted that oil spills destroy farms, lower 

agricultural production and loss of income that all 

put strain on family budgets and raise poverty rates. 

Water contamination also has major 

economic effects for fishing communities since it 

reduces the fish population accessible and the 

revenue they can produce (Johnbull and Perri, 

2023). These findings are consistent with the 

findings of Ahmed et al. (2021) that oil spills 

represent a direct threat to food security and 

employment in locations where fishermen are lost. 

In response, the research advises the 

construction of integrated tracking systems for early 

identification and targeted cleaning activities to 

reduce economic losses (Adebangbe et al., 2021). 

According to Zhang et al. (2017), the rapid 

determination of spill size by remote tracking 

technology can help to make rapid responses and 

possibly reduce economic costs. 

Oil spills are different from many other 

environmental threats because they damage the 

environment and make it difficult for people to earn 

a living. Reaction tactics are effective, important for 
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healing approaches. This resulted in studies that 

community participation and skill development 

needed to be strengthened to make individuals more 

resilient (O’Farrell et al., 2021). Together, these 

findings underscore the importance of both modern 

technology and community-based approaches to 

preventing oil spills from occurring and impacting 

local economy. 

 

Theme 4: Issues that Hinder Effective Spill 

Response 

Riverine areas face several structural and 

technical problems that hinder their response to oil 

spills. One major issue that emerged in the research 

reviewed is that the technical basis is not sufficient. 

Sarkar and Roy (2020), for example, say that many 

developing countries don't have the tools they need 

to collect data in real time so they can act quickly.  

Technology makes it easier to find and fix problems 

and without it, more problems mean more damage 

to the environment. 

Even more difficulties are produced when 

there isn't any precise sensitivity data to assess a 

response.  Response plans are unlikely to be 

accurate or effective without the appropriate site-

specific knowledge of how vulnerable an 

environment is (Zhou et al., 2019). According to 

Hemmati et al. (2024), it's hard to know what to do 

first during spills because many places don't have 

high resolution GIS mapping or have mapping that 

is out of date. 

Another big issue is how to train and grow 

people skills. As to Sarkar and Roy (2020), 

responders are not particularly trained in modern 

monitoring technologies like GIS-based assessment 

tools or remote sensing making spill control less 

effective. These results are consistent with the 

findings of Olawuyi and Eludoyin (2022) that 

community-based remedies do not work because of 

the lack of sufficient awareness of the issue and the 

lack of the proper professional expertise among the 

people in the community. 

Climate change makes things less 

predictable and it is difficult to plan and respond 

(IPCC, 2021). The changing climate makes it 

challenging to estimate river flows, making risk 

assessment and prompt action more difficult. 

Responses to oil disasters at sea are more 

structured, with improved facilities and means for 

governments to cooperate.  But responses to spills in 

rivers are less planned and have less resources 

(Sarkar & Roy, 2020). These concerns necessitate a 

cohesive strategy with emphasis on technology 

innovation, local data collection, capacity training 

and climate change responsive planning targeted at 

enhancing efficiency of responses (Zhou et al., 

2019; Hemmati et al., 2024). In the end these 

challenges need to be solved to safeguard riverine 

habitats, protect the environment and protect the 

jobs that rely on them. 

 

VI. Conclusion and Recommendation 
This in-depth study highlights the critical 

need for the integration of Environmental Sensitive 

Index (ESI) frameworks with advanced oil spill 

monitoring technologies for enhanced management 

and protection of riverine ecosystems. The results 

indicate that the use of technology such as remote 

sensing, GIS and artificial intelligence has greatly 

improved the ability to detect and respond to oil 

spills in rivers in the early stages. Tailored ESI 

models incorporating river-specific hydrological, 

biological and socio-economic factors are critical 

for accurate risk assessment and efficient resource 

allocation in spill scenarios. This study underlines 

the deep socio-economic impact of oil spills on local 

populations, particularly those relying on fishing, 

farming, and water resources for their means of 

subsistence. These repercussions need urgent and 

targeted reaction tactics to mitigate economic losses 

and maintain the well-being of the community. 

There are however, a host of impediments that affect 

the effectiveness of spill response in riverine 

ecosystems, including limited technical 

infrastructure, lack of site-specific sensitivity data, 

limited capacity development of responders, and the 

unpredictable implications of climate change. 

Closing these gaps calls for a holistic strategy that 

involves technology innovation, talent training, 

active community involvement, and the deployment 

of climate-resilient initiatives. The research 

proposes an integrated approach that combines 

scientific analysis with active community 

participation to create resilient ecosystems and 

sustainable lifestyles. Future policies should stress 

the need for investment in real-time monitoring 

systems, established techniques for rapid reaction, 

and the integration of developing technology, such 

as artificial intelligence, for predictive modelling. In 

conclusion, this research underlines the need for a 

proactive and holistic approach to successfully 

ameliorate the environmental deterioration caused 

by oil spills in riverine ecosystems. Effective 

methods may be developed via cooperation between 

legislators, environmental managers, scientists and 

local populations that respond to spills efficiently, 

and proactively prevent them through thorough 

planning and risk assessment. This holistic paradigm 

will be vital for the sustainable management of 
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riverine habitats under increased industrial activity 

worldwide. 

 

VII. Recommendations 
We have reviewed all the existing techniques, new 

technologies, and issues that are occurring with the 

monitoring of oil spills and environmental sensitive 

indices (ESI) in riverine ecosystems and have put up 

five suggestions: 

1. Develop and use specific ESI models for 

riverine ecosystems that integrate 

hydrological, ecological and socio-

economic elements to increase the accuracy 

of the answers. 

2. Deploy advanced remote sensing 

technologies such as multispectral satellite 

images, Synthetic Aperture Radar (SAR) 

and artificial intelligence (AI) systems to 

help in the detection and tracking of oil 

spills in the current time. 

3. Train responders in current monitoring 

tools, GIS applications and response tactics 

within training programs that build up local 

ability to ensure that spill control happens 

successfully. 

4. Develop integrated tracking systems using 

physical monitors, GIS, remote sensing and 

local community information to provide 

early warning and rapid response. 

5. Foster policy frameworks that enable 

further research, novel technology, 

community engagement, and climate 

change adaptation planning to safeguard 

riverine habitats from the risks associated 

with oil spills. 
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Appendix 

Table 1: Presence the CASP checklist adopted in this study 

S/N Questions and description Yes No Cannot tell 

1 Did the research concentrate on a specific problem? (The 

precision and clarity of the research questions determine the 

grade). 

   

2 Did the research design adequately meet the study's 

objectives? (Rated according to whether qualitative or 

quantitative methodologies are appropriate) 

   

3 Was the hiring approach suitable? (An assessment of the 

participant selection process). 

   

4 Did the method used to gather the data answer the research 

question? (Evaluation of data gathering techniques). 

   

5 Has the participant-researcher connection been sufficiently 

taken into account? (Reflexivity and bias are taken into 

account). 

   

6 Have ethical considerations been made? (Consent and 

ethical approval procedures). 

   

7 Was there enough rigour in the data analysis? (The 

analysis's appropriateness and completeness). 

   

8 Are the results clearly stated? (Results are clear and 

pertinent) 

   

9 How useful is this research for policy or practice? 

(Implications for staff retention and leadership in 

healthcare). 

   

 
Table 3: Quality Appraisal using CASP checklist for qualitative studies 

            

QUESTIO

NS 

 

 

 

 

 

  

ARTICLE

S 

Was 

there a 

clear 

statem

ent of 

the 

aims of 

the 

researc

h? 

Is 

qualitativ

e 

methodol

ogy 

appropria

te? 

Was the 

research 

design 

appropri

ate to 

address 

the aims 

of the 

research

? 

Was the 

recruitm

ent 

strategy 

appropri

ate to the 

aims of 

the 

research

? 

 

Was 

the 

data 

collecte

d in a 

way 

that 

address

ed the 

researc

h issue? 

Has the 

relations

hip 

between 

research

er and 

participa

nts been 

adequate

ly 

considere

d? 

Have 

ethical 

issues been 

taken into 

considerati

on? 

Was the 

data 

analysis 

sufficien

tly 

rigorous

? 

Is there 

a clear 

statem

ent of 

finding

s? 

How 

valuabl

e is the 

researc

h? 

Adebangbe
, S. A. 

(2025) 

Y Y Y Y Y C Y Y Y Y 

Adebangbe

, S. A., 
Dixon, D. 

P., & 

Barrett, B. 
(2025) 

Y Y Y Y Y C Y Y Y Y 

Ekunke et 

al. (2025) 

Y Y Y Y Y C Y Y Y Y 

Elijah B.U. 
Chigweyar

u et al. 

(2025) 

Y Y Y Y Y C Y Y Y Y 

Hemmati 

et al. 

(2024) 

Y Y Y Y Y C Y Y Y Y 
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Iloabuchi 
et al. 

(2024) 

Y Y Y Y Y C Y Y Y Y 

Johnbull & 

Perri 
(2023) 

Y Y Y Y Y C Y Y Y Y 

Kim et al. 

(2026) 

Y Y Y Y Y C Y Y Y Y 

Lawal & 
Oyegun 

(2017) 

Y Y Y Y Y C Y Y Y Y 

O’Farrell 
et al. 

(2025) 

Y Y Y Y Y C Y Y Y Y 

Okafor & 

Ibeneme 
(2025) 

Y Y Y Y Y C Y Y Y Y 

Olawuyi & 

Eludoyin 
(2022) 

Y Y Y Y Y C Y Y Y Y 

Samsuria 

et al. 
(2025) 

Y Y Y Y Y C Y Y Y Y 

Uribe-

Martínez et 

al. (2024) 

Y Y Y Y Y C Y Y Y Y 

Wang et 

al.(2024) 

Y Y Y Y Y C Y Y Y Y 

Ifuwe, 

C.C. and 
Onosemuo

de, C. 

(2024 

Y Y Y Y Y C Y Y Y Y 

 


