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Abstract 
Spatial analysis of oil spill incident is essential in oil spill contingency management. This 

study focused on application of geographic information systems (GIS) in oil spill incidents 

and hazard mapping for sustainable remediation in Gokana Local Government Area (LGA), 

Rivers State, Nigeria. Datasets used include oil spill location and incidents, digital elevation 

model (DEM) and map showing oil installations. The oil spill location and incidents data was 
retrieved from National Oil Spill Detection & Response Agency archive; a 30 X 30 meters’ 

resolution DEM was sourced from the United States Geological Surveys (USGS) while map 
showing oil installations in Gokona was extracted from the United Nations Environmental 

Programme (UNEP) report. Nearest Neighbor Analysis (NNA), vector flow mapping and 

proximity-based buffer analysis were the GIS functionalities used in data analyses and 
presentation. The result showed that oil spill incidents displayed a clustered pattern with a 

NNA value of 0.35 at 99% confidence level. Also, a minimum flow velocity which rose in the 
central, eastern and north-western parts of the study area was uncovered. Result also showed 

that a greater part of the area was categorized as “High” hazard zone, followed by 

“Moderate” hazard zone and “Low” hazard zone. The study recommended renewed 
commitment for human and settlement relocation from well mapped out hazard and high risk 

areas to safer locations. This also calls for the adoption of GIS in oil spill contingency 

planning and sustainable remediation of host communities by multinational oil producing 
companies.   
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1. Introduction 

The need to address the threats of copious natural and human-induced disasters 

including oil spills to the environment and developmental facets of many societies 
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globally, depend highly on availability of evident-based geographically-referenced 

information. This is because of the occurrence of these disasters in a specific location, in a 

particular time with the possibility of impacting negatively on socio-ecological, economic 

and political landscape of the place. The evident-based geographically-referenced 

information is able to isolate hazards and disaster locations, who and what is at risk or 

vulnerable and offer proactive decision support mechanisms for time-based mitigation 

measures. Oil spill, an environmental hazard, occur where people live and interact with 

nature and one of the emerging frameworks for incidence and hazard mapping for 

sustainable remediation is geographic information systems (GIS). 

Fascinatingly, GIS has been conceptualized to reflect a conglomeration of 

information and communication technology devices, human capital, financial resources as 

well as governance frameworks necessary to facilitate geospatial and associated data 

sourcing and preservation in order (in present or future) to retrieve, analyze, synthesize 

and put on view to advance knowledge in addition to aiding policy formulation (Kennedy, 

2009). Besides, GIS has also been viewed as a computerized arrangement where 

geographically-related phenomenon is captured, stored, queried, analyzed and displayed 

(Chang, 2010). The science aspect of GIS established the manner which the results add 

value to the interpretation of geographic phenomenon including the application, wisdom, 

knowledge, and theory underpinning the procedure taken (Longley et al., 2011). The 

capability of spatial data acquisition, efficient storage, retrieval, analysis and visualization 

interface as well as the flexibility of integrating other data from various sources and 

formats has made GIS earn reputation oil spill debate in recent years (Mohamadi et al, 

2015).  

GIS has wide application areas (United Nations Institute for Training and 

Research- UNITAR, 2019) and has recently been used in mapping local forest 

conservation area (Miardini and Susanti, 2019), public health mapping (Nuramalina, 

Ibrahim and Ludin, 2019) and in optimum site suitability assessment (Rahayu et al., 

2019). Oil spill are space-based incidents with several attributes like volume of oil spilled, 

time of occurrence, effects, causes and other inputs that can be built into the GIS database 

for form spatiotemporal and volumetric decision support tool (Oyehan and Al-Ramadan, 

2014). GIS technologies can significantly improve identification or even classification of 

oil spills allowing making the final product – oil spill distribution maps (Ivanov and 

Zatyagalova, 2014). Oil spill and sensitive areas can easily be detected, analysed and 

mapped, monitor spread and clean-up exercises with the use of GIS/RS (Mohamadi et al, 

2015). 

Udoh and Ekanem (2011) applied GIS in risk assessment of oil spill in the coastal 

areas of Akwa Ibom State, Nigeria. Well heads, flow stations, storage tank farms, 

pipelines, water bodies and oil wells which constituted oil spill hazard sources were 

combined with impedance which includes soil characteristics and slope constituted to 

derive oil spill hazard map. Arable crop sensitivity, settlement development, vegetation 

and land use, road network and socio-economy were used to model vulnerability. Oil spill 

risk was mapped as a function of oil spill hazard and vulnerability and categorized into 

very high, high moderate and marginal risk zones. Iko and the environs were found to be 
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in the very high risk zone and it was recommended that GIS be integrated into oil spill 

emergency planning (Udoh and Ekanem, 2011). 

Similarly, Mohamadi et al (2015) built oil spill risk assessment model for 

vegetation (OSRAMV) in Bonny, Rivers State using GIS/RS. It was found that 72% of 

impacted areas pixels were in severe oil spill hazard areas. Whanda et al (2016) also 

deployed various geostatistical analytical frameworks in GIS to analyse oil spill spread 

and vulnerability in the Niger Delta Region of Nigeria. Findings showed that the 

frequency of oil spills from 1985-2008 was 443. Highly hazardous zones included 

settlements located between 0-500meters from oil installations and spill cites while low 

hazard zone were found 500meters away. Spatial distribution of oil spill was clustered as 

revealed in nearest neighbour index of 0.19 and Getis-Ord General G test on volume 

spilled (mean distance of 400 meters) all at 99% confidence level using  Moran I index. 

The use of multiple ring buffer-based proximity algorithms in Arc GIS software 

with a mean distance range of 500-1000 meters apart in mapping spatial extent of crude 

oil spill hazard zones has also documented. Nwankwoala and Nwaogu (2009) used ≤ 500 

meters around oil pipeline and water bodies to map high oil spill hazard area, 501-1000 

meters (moderate) and 1001-1500 meters (low). Guadalupo-Blanco River Authority 

(2011) used ≤ 500 meters to map high hazard zone and 2500 meters away from oil 

installations as low hazard zone. Shittu et al (2011) used 1000 meters for high hazard 

zone, 1500 meters for moderate hazard zone and 2000 meters for low hazard zone 

assessment.  

Whanda (2014) used buffer distance of 500 meter interval (from 500-4000 

meters) to generate eight hazard zones ranging from extremely high to extremely low 

hazard zones. Makinde and Tologbonse (2017) used ≤ 500 meters (very high hazard), 

501-1000 meters (high hazard), 1001-1500 (moderate hazard) and 1501-2000 meters 

(marginal hazard). These also yielded varying results across different study areas. For 

instance, Nwankwoala and Nwaogu (2009) result showed that 134.73km2 was the spatial 

extent covered by high oil spill hazard area while Shittu et al (2011) 114 communities as 

being found within the same hazard category. Also, Whanda (2014) reported 30-40 

settlements as being found within the low oil spill hazard area while Makinde and 

Tologbonse (2017) reported 35.8 km2 in the same hazard category.  

In oil spill hazard remediation, the extent of clean-up exercise is a function of the 

knowledge of the spill incident location, the distributional pattern, nature of terrain, 

hazard coverage, direction as well as the velocity of flow. The foregoing application of 

GIS framework therefore justifies it deployment in this study with view to providing a 

visual representation of a true world situation. This will aid policy makers and 

stakeholders in making purposeful decisions and deployment for sustainable oil spill 

remediation in Gokana Local Government Area (LGA), Rivers State, Nigeria.  

The specific objectives were to apply GIS in: 

➢ Determination of spatial distribution of oil spill incidents in Gokona LGA; 

➢ Mapping the flow direction and magnitude of oil spill incidents in Gokona LGA; 

and 

➢ Mapping the spatial extent of crude oil spill hazard zones in Gokona LGA. 
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2. The Study Area 

This study was carried out in Gokana LGA which is one of the 23 LGAs in 

Rivers State, Nigeria with headquarters in Kpor Town found in the central part of the 

LGA. Gokana LGA is spatially situated between latitudes 4O36’ 43.69’’ – 4O42’ 29.758’’ 

North of Equator and longitudes 7O12’ 55.16’’ – 7O20’ 13.057’’ East of Greenwich. It is 

bounded in the north by Tai LGA, in the east by Khana LGA, in the south by Andoni and 

Bonny LGAs and in the west by Ogu/Bolo LGA as seen in Figure 1. The National 

Population Commission (NpopC) reported Gokana LGA covers a total land area of about 

126.758km2. Based on the 2006 census, Gokana LGA had a total population of 233,813 

people with 118,222males and 115,591females (NpopC, 2010).  

 
Figure 1: Gokana Local Government Area 

 

The climate of Gokana LGA falls within the tropical rainforest with frequent 

influence of tropical continental and maritime air masses. The high-resolution time-series 
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(TS) gridded climatic data of month-by-month variation in climate (version 4.03 - January 

1901 - December 2018) released by the University of East Anglia-Climatic Research 

Unit, Harris and Jones (2019) indicate that temperature is as low as 21OC in January and 

as high as 33OC in September in Gokana LGA. Rainfall pattern is bi-modal with the first 

peak of 320.3mm in July with a short dry season in August and the second peak of 

359.3mm in September and a total about 2435.8mm per annum. Annual potential 

evapotranspiration is about 50.3mm with highest value of 5.2mm observed in February 

and lowest value of 3.1mm noticed in July. Annual soil moisture (0 – 10cm) is about 

337.9mm with highest value of 30.2mm observed in July and lowest value of 24.2mm 

noticed in January and February. Mean wind speed is about 4.2 meters per second and 

may sometime exceed 10 meters per second in peak rainy season. 

 With respect to the relief, Gokona LGA is generally a low-lying area which 

situate within the Niger – Delta plain. Digital elevation model (DEM) is a representation 

of the general relief of the area. DEM represent continuous elevation values over a 

topographic surface by a regular array of z-values, referenced to a common datum. DEMs 

are typically used to represent terrain relief. Six distinct relief classes is found in the area 

which ranged from 5 meters to 28 meters above sea level. Vegetation is characteristic 

fresh water intermingled with mangrove swamp forest which constitute breeding habitat 

for fishes and other biodiversity although these have been significantly altered by oil 

pollution (United Nations Environmental Programme – UNEP, 2011). The dominant 

occupation in the area is predominantly fishing and farming as well as other informal 

artisanal socio-economic activities like agricultural processing, hunting, trading, etc 

(Wizor and Eludonyi, 2020). 

 

3. Materials and Methods 

Principal datasets used for this study include oil spill location and incidents data, 

DEM and map showing oil installations in Gokona LGA. The oil spill location and 

incidents data was retrieved from NOSDRA archive (2019), a 30 X 30 meters’ resolution 

DEM was sourced from the United States Geological Surveys (USGS) while map 

showing oil installations in Gokona was extracted from UNEP (2011) report. They were 

imported in ArcMap 10.1, georeferenced with latitude-longitude geographic coordinate 

system (GCS) and vectorized using on-screen digitization. All the layers were reprojected 

to Universal Transverse Mercator (UTM-zone 32) coordinate system.  

In order to determine the spatial distribution of oil spill incidence in Gokona 

LGA, nearest neighbor analysis was used. Nearest Neighbor Analysis (NNA) examines 

the distances between each point and closest point to it. The nearest neighbor analysis is a 

method of exploring patterns in locational data by comparing graphically the observed 

distribution functions of event-to-event or random point-to-event nearest to neighbor 

distances. In this study, the oil spill incidents data were used as the operational unit. The 

nearest neighbor analysis was used to measure the distribution pattern of oil spill 

incidents (2006 to 2019) using ArcMap 10.1 software. The nearest neighbor analysis 

tends to measure the distributions according to whether they are clustered, random or 
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regular (uniform). The nearest neighbor formula produces a result between 0 and 2.15 and 

is computed using the formula in equation (1) as follows: 

Rn=     ……………………………………… (1) 

Where: Rn= nearest neighbor value; d= the mean distance between oil spill sites (meters); 

a= the local government area; n= total number of oil spill sites. 

This study also sought to apply GIS in mapping the potential direction and 

magnitude of flow of oil spill with the aid of flow direction and vector flows. This was 

made possible by the creation of random spot heights used in extracting elevation values 

from the 30 X 30-meter resolution DEM. To facilitate smooth surface modelling, 10,000 

random spot heights at a mean distance of 10 meters were automatically generated. The 

field geometry algorithm in ArcMap 10.1 in the layer properties also assisted in the 

computation of the x (longitude) and y (latitude) coordinates of all the generated elevation 

spot heights. Attribute database of this elevation spot heights was exported to Surfer 11 

GIS Software where it was converted into grid using kriging interpolation framework. 

The resultant grid file was used in vector flow mapping. 

 With respect to the determination of the spatial extent crude oil spill hazard zones 

in Gokona LGA, the digitized layers of crude oil pipelines, manifolds, flow stations and 

well heads which formed major sources of oil spills hazard in the area were used in 

proximity/buffer analysis. However, in literature, settlements staying 500 meters from oil 

infrastructures have been reported to be of high risk in event of any oil spill (Nwankwoala 

and Nwaogu, 2009; Guadalupo-Blanco River Authority, 2011; Shittu et al, 2011; 

Whanda, 2014; Makinde and Tologbonse, 2017). Thus, 500m, 1000m and above 1500m 

buffers representing “High”, “Moderate” and “Low” hazard zones were created along the 

digitized oil spills hazard layers using ArcMap 10.1 Analysis Extension. The final the 

spatial extent crude oil spill hazard zones in Gokona LGA was computed using Field 

Calculator in the final oil spill hazard layer property. 

 

4. Result and Discussion 

4.1  Spatial Distribution of Oil Spill Incidents in Gokona LGA 

 Determining the spatial patterns of phenomena in space is one of the core issues 

addressed by geographers, planners, environment and development analysts. The cardinal 

motivation is to support decision. Several methods used in determining the spatial 

patterns of phenomena are also available in literature. It was found that about 145 oil spill 

incidents occurred from 2006 to 2019. Spatial analysis also showed that the Observed 

Mean Distance of oil spill incidence was 84.02 meters while the Expected Mean Distance 

was 239.57meters (see Figure 2). Two hypotheses (null and alternate) were formulated to 

assess oil spill incidents spatial pattern in Gokana LGA with the aid of NNI and z-score. 

The null hypothesis stated that oil spill incidents are not randomly located (distributed) 

while the alternate stated that oil spill incidents are randomly located (distributed) within 

Gokana LGA.  

 Thus, with the Nearest Neighbor Index of 0.35 indicate that the distribution is 

clustered. With a z-score of -14.96 and p-value of 0.0000, the null hypothesis is hereby 

accepted while the alternate hypothesis rejected at 99% confidence level.  This finding 
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corroborates earlier study by Park et al (2016) who used alternative Getis-Ord General G 

test function to obtain similar clustered pattern of oil spill incidents in North Dakota, 

USA. It also agrees with Whanda et al (2016) who reported nearest neighbour index of 

0.19 in other locations in Niger Delta Region of Nigeria. Clustered pattern is pointer to 

the recurrent nature and significant occurrence of this environmental incident which can 

facilitate informed decision of spill reduction and risk assessment (Park et al., 2016). 

 
Figure 2: Nearest Neighbour Statistics of Oil Spill Incidents in Gokona LGA 
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4.2  Flow Direction and Magnitude of Oil Spill Incidents in Gokona LGA 

In any situation, it is quite obvious that movement of substances (in this case oil) 

would follow an upstream (source) – downstream (destination) pattern. The vector map in 

Figure 3 shows the direction and magnitude of oil spill incidence in Gokona LGA and 

was overlaid with a shaded contour (relief). Thus, as oil spills on the study area, the 

direction arrows indicate the probable direction of oil flows - from high elevation to low 

elevation. In other words, areas with relatively high elevation represent the potential 

source of hazard while the transition zone is the area characterized by moderate relief. 

Low – lying area thus becomes the potential destination. Similarly, magnitude is indicated 

by the length of the arrow. Areas with steeper slopes have longer arrows while relatively 

shorter arrows represent places with gentle slopes.  

 
Figure 3: Vector Flow Map of Oil Spill Incidents in Gokona LGA 

 

In this vector flow map, the elevation of the area play vital role in 

contaminants/materials migration as opposed to wind and current in water surfaces and 

aquatic environment as reported by Vethamony et al (2007). Besides, Gokona LGA have 

a minimum flow velocity of 0.56m/s-2 and rises to about 1251.83m/s-2 in central, eastern 

and north-western parts of the map.This finding revealed a characteristic relationship 

between the time it will take for the spilled contaminants to escape from the spill sites, 

nature of terrain (the slope track) and the possible route where the spilled contaminants 

will follow and finally settles. Similar significant link between oil spill trails and the 

direction of waves in maritime areas with the use of vector flow models has also been 

reported (Wang, 2013; Hardeo and Chakrabarti, 2016; Zanier et al., 2019). 
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4.3  Spatial Extent of Crude Oil Spill Hazard Zones in Gokona LGA 

It is a well-established fact that crude oil exploitation has immediate and recurrent 

impacts on communities in Gokana LGA. The impacts include contamination of natural 

source of water including streams and river, problem of oil spill, forest destruction and 

bio-diversity loss, environmental effect of gas flaring as well as effluent discharge and 

disposal (UNEP, 2011; Wizor and Eludonyi, 2020). Thus, in an attempt to determine the 

spatial extent of crude oil spill hazard zones in Gokona LGA, GIS technique was 

deployed. With the modelling capability of GIS, complex analysis were carried out with 

available data. Oil spill incidents data and oil pipeline infrastructure of the study area 

served as the input data in investigation of the levels of vulnerability to crude oil 

exploitation in with particular reference to it spatial extent. 

The result as presented in Figure 4 indicates that about 24.15km2 (49.1%) of the 

area lying 500m away from the oil installations fell under “High” hazard zone. Also, area 

located about 1000m away near land from the oil installations and categorized as 

“Moderate” hazard zone span across 13.55 km2 (27.5%) of the hazard coverage area while 

“Low” hazard zone covered about 11.53 km2 (23.4%) which is situated about 1500m 

away from the oil installations. It has been reported that distance-based analysis (such as 

this) assumes that residing in either a location containing a hazard (spatial coincidence 

analysis) or within a specific distance from a hazard (distance-based analysis) leads to 

environmental exposure (Chakraborty and Maantay, 2011). 

Consequently, it could be inferred that K-Dere and Kpor are the communities that 

are likely to be highly exposed to oil spill hazard in Gokana LGA. Mogho Town will 

probably be moderately exposed to oil spill hazard incidents while Biara Town will 

almost certainly be lowly exposed to oil spill hazard in Gokana LGA. This is to say that 

oil spill hazard decreases as distance increases and a town like Bomu, although not in any 

oil spill hazard zone may likely be affected based on the flow direction and speed as 

determined by the nature of the terrain. At a glance, one is able to visualize the extent of 

devastation of oil spill on the LGA. 

In retrospect, oil spills (as seen in Plates 1 and 2) occur more often in the 

communities Gokana LGA due to transportation and marketing, damage to oil pipelines 

and accidents involving road trucks and tankers generate oil spills and hydrocarbon 

emissions have a lot of impact, because the toxicity of the oil adversely affect the soil, 

plant, animal and water resources (UNEP, 2011). The extent to which changes could harm 

the environment, or to which the community can be affected by the impact of a hazard or 

exposed to the possibility of being attacked or harmed is also shown in Plate 3. Area 

demarcated with red is crude oil that had seeped through the fence of the heavily polluted 

facility and contaminated several surrounding soils outside the complex. Recent findings 

by Wizor and Eludonyi (2020) also linked environmental impacts of oil spill on pollution 

of surface and ground water, loss of livelihood sources, poverty and famine. 
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Figure 4: Oil Spill Incidents and Hazard Map of Gokana LGA 

 

 

 

 



Ibanga, O. A. and Udoh, J. C. 

114 

 

 
Plate 1: Abandoned Wellhead with Spill in Bomu (Source: UNEP, 2011) 

 

 
Plate 2: Oil Pipeline Spill in K-Dere (Source: UNEP, 2011). 
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Plate 3: Arial View of Oil Facility in K-Dere (Source: UNEP, 2011) 

 

5. Conclusion 

The science, technology and information nexus have made easy the evaluation of 

global environmental and developmental challenges confronting the collective human 

existence on planet earth. This study have yet unravel the potentials of GIS functionalities 

in oil spill incidents and hazard mapping for sustainable remediation in Gokana Local 

Government Area, Rivers State, Nigeria. The clustered pattern uncovered in this study 

indicates the incessantness of oil spill in many areas where oil exploration, exploitation, 

transportation and other upstream and downstream activities take place. Effective and 

sustainable remediation of oil spill from the environment can be facilitated with the 

deployment of vector flow modelwith the knowledge of direction and velocity of oil spill 

diffusion. The spatial coverage of oil spill hazard can clearly direct policy makers on what 

is actually destroyed in event of oil spill as well as the extent to which remediation can be 

undertaken.  In view of these, it is recommended that:  

i. This also calls for adoption of GIS in oil spill contingency planning and 

sustainable remediation of host communities by multinational oil producing 

companies. 

ii. Routine quality checks as well as periodic monitoring and evaluation of oil 

facilities and installations by experts should be carried out to forestall future 

occurrence. 

iii. Justifiable compensation to households and communities whose livelihoods like 

farmlands and fishing gears have been affected. 
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iv. Immediate access to portable water and improved sanitation facilities should be 

provided to oil spill hazard communities. 

v. There should be renewed commitment for human and settlement relocation from 

well mapped out hazard and high risk areas to safer locations. This also calls for 

cooperation of the host communities and multinational oil producing companies.   
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