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Why Namibia 
needs this now

Offshore development is accelerating

Major Orange Basin discoveries are moving Namibia 
towards appraisal and potential development.

250-300 km offshore

Deep-water operations are located far from coastal 
response bases and environmentally sensitive 
receptors.

No national sensitivity baseline

Namibia currently has no published national oil spill 
sensitivity atlas to guide preparedness and response 
prioritisation.



Research objective
To develop a geospatial framework that integrates Earth Observation, GIS and spatial risk modelling to
support oil spill preparedness along Namibia’s offshore and coastal environment.

1. Detect • Identify potential oil slicks from
Sentinel 1 SAR imagery.

2. Map • Characterise coastal and marine
environmental sensitivity.

3. Prioritise
• Identify areas requiring 

greater oil spill preparedness 
and response attention.



Study area

Extent
9.5 to 17.2 °E, 16.8 to 29.5 °S Namibia’s
offshore and coastal environment.

Marine area
664,991 km² of marine waters after
removal of land.

Environmental setting
The northern Benguela upwelling
system, among the most biologically
productive marine systems globally.



Methodological framework



SAR data and methods
Component Description

Primary imagery Sentinel 1 GRD, IW mode, VV polarisation

Study period February–August 2024; 40 scenes processed

Study area Namibia’s offshore and coastal environment

Wind data ERA5 hourly reanalysis, 10 m u/v wind components

Ocean currents HYCOM sea-water velocity

Land / coastline LSIB boundaries with distance-transform coastline derivation

Detection logic Dual test: absolute dark threshold + local backscatter anomaly

Processing platform Google Earth Engine



SAR coverage over Namibian waters

143
Sentinel 1 IW scenes

intersecting the study area

0
scenes covering

offshore test points

58%
of scenes contained

no marine area

• Sentinel 1 IW acquisition over Namibia is concentrated inland.

• Coverage of the offshore licence areas was effectively absent during the study period, so free
routine SAR monitoring of Namibia’s petroleum development area was not available.

• Sentinel 1B failed in December 2021 and Sentinel 1C was not operational during the study period,
reducing acquisition capacity over lower-priority regions.



Corroboration: The 2015 Swakopmund slick
A documented Namibian case demonstrates the same monitoring limitation identified by this
study.

• Incident-Oil-covered penguins were reported along the coast near Swakopmund.

• Satellite response-Researchers narrowed the likely source area using penguin foraging ranges and
requested emergency satellite imagery.

• Detection-Radar imagery subsequently revealed two linear slick features consistent with vessel-
related discharge.

• Key implication-The imagery was specially tasked, it was not available through routine satellite
coverage.

Emergency-tasked radar detection of the 2015 Swakopmund oil slick
Source: The Namibian (2015).



Environmental sensitivity model
Indicator Dataset / Representation

Biological productivity MODIS-Aqua chlorophyll-a

Protected areas World Database on Protected Areas

Coastal population JRC Global Human Settlement population grid

Shoreline proximity Distance from coastline

Bathymetric shallowness ETOPO1 bathymetry

Current transport HYCOM surface current velocity

Spatial scale: 5 km strategic planning scale
Weighting method: Entropy Weight Method (EWM)
Weights were derived from the information content of the data rather than assigned subjectively.



Overview of sensitivity data



Derived weights
Entropy Weight Method (EWM) · 29,186 analysis cells

EWM assigns greater weight to indicators with higher spatial variability.
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Composite sensitivity index

Index range

0.005 to 0.963 across 664,991 km² of
Namibian marine waters.

Spatial pattern
Sensitivity is concentrated in a
narrow coastal band and falls away
sharply offshore.

Highest values
Walvis Bay, Sandwich Harbour,
Lüderitz and the Namibian Islands
MPA.

Working scale 5 km - strategic screening
tier per IPIECA-IMO-IOGP.



Hazard and receptor are spatially 
decoupled

Offshore hazard
• Petroleum activity 

located offshore
• Sensitivity index: 0.006

Coastal receptor
• Sensitive receptors 

concentrated along the 
shoreline

• Walvis Bay Lagoon
• Sensitivity index: 0.951

250–300 km

Risk is governed by transport, not proximity.



Response priority classes

Very high  67,839 km²
• High  99,200 km²

• Moderate  164,384 km²

• Low  330,938 km²



Recommendations

DATA WEIGHTING TRAJECTORY 
MODELLING

MONITORING 
GAP



Conclusion
• A data-driven marine environmental sensitivity map was developed for

Namibian waters using six independently sourced indicators and Entropy
Weight Method-derived weights.

• The model successfully distinguished known sensitive coastal sites from
low-sensitivity open-ocean controls.

• Environmental sensitivity is concentrated along the coast, while offshore
petroleum activity is located approximately 250–300 km away.

• This spatial separation shows that spill risk is driven by transport pathways
rather than simple proximity.

• Routine free Sentinel 1 SAR coverage over Namibia’s offshore petroleum
areas was effectively absent during the study period, highlighting an
important monitoring and preparedness gap.
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