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Figure 4: HIPStrA Results
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Development of 1D Hydrodynamic Habitat Model for the H. amphibius as basis for Sustainable 
Exploitation of Hydropower in the Black Volta Catchment in Ghana

An urgent need for clean energy to develop, the presence of large rivers and a rich biodiversity base in Africa makes a case for careful and ecologically smart exploitation of hydropower. The overarching aim of the study is to develop 

methodology to rigorously assess changes in in-stream conditions that can impact tropical aquatic mammals in a bid to promote sustainable hydroelectric power  in Africa. 

Methodology
This section will focus on the development a system to simulate the habitat of the Hippopotamus amphibius in the Bui National Park. The habitat 

model is part of a wider modelling framework designed to assist in the management of the Bui reservoir. The LiNK1 framework, which includes 

an ensemble of models, is constructed to account for uncertainties in both modelling and decision-making domains. 

A computer-based hippo habitat model allows the simulation of diverse scenarios encompassing different flow as well as reservoir operation 

regimes. Lack of relevant data including time series on flow and scientific observation of the target species made it extremely difficult for the 

conceptualisation and development of a computer-based hippo habitat model. A hippo foraging strategy model (Lewison and Carter 2004) is one 

of a handful of hippo simulation tools available in literature. 

Habitat Information retrieval Program based on Streamflow Analysis - HIPStrA - is a one dimensional (1D) in-stream, spatially explicit hybrid 

construct that combines hydrophysical (depth, velocity, slope, substrate & sediment), physico-chemical (temperature, turbidity & pH) and expert 

knowledge to forecast river habitat suitability (Hs) for the Hippopotamus amphibius. HIPStrA can be described in a seven-tier process that 

culminates in a reservoir suitability index (Rsi), as illustrated in Figure 2. Step 1 involves demarcation of river reaches of interest. Step 2
encompasses field work to measure river cross-sections (CS) in selected reaches and documentation of typical hippo pools (Plate 1) including 

fodder in the littoral zone. In step 3, CS measured in step 2 are merged with a digital elevation model (Figure 1b) of the entire modelling domain. 

A resulting TIN file (derived from the DEM in step 2) is used as input into the 1D hydraulic modelling system HEC-RAS. Step 4 yields a potential 

habitable area a product of HEC-RAS/HEC-Geo-RAS manipulations using discharge and sediment time series. Figure 3 shows simulated (with 

Q=1000 m3s-1) water depth, slope, velocity along with mass bed change in tonnes. Steps 5a & 5b involves the use of knowledge elicited from 7 

experts to formulate Mamdani type fuzzy membership functions (Equ. 3 ). A rule systems is then generated.  Habitat suitability (Figure 4) of 

specific areas in potential habitable areas generated in step 6 after an infusion of expert knowledge. Habitat performance, a measure of 
effectiveness, is a product of  reservoir and habitat suitability indices (Equ. 4). 

Remarks & Outlook
Input from the expert knowledge elicitation process is statistically assessed to aid the uncertainty estimation process performed in the LiNK modeling

framework (Figure 5). The box plot depicted in Fig. 5b shows at the response (in this case the best estimate) of experts on 9 system variables 

against observed or measure data. High and low estimates are also computed. Along with additional measures such as evaluation of the 

educational background of experts (Fig. 5a), a better impression of uncertainties are “hotwired” into the modelling process.  HIPSTrA produces 
two types of outputs. Graphs are used to communicate various levels of habitat suitability and expert & model performance statistics. Maps in 2D 

and 3D are illustrate inundation, slope and flow to name a few variables. A web-based version based on GOOGLE’s API is also available.
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Introduction – The Bui dam is 400 Megawatt hydroelectric scheme currently under development on 

the Black Volta River in the Bui National Park in Ghana. The barrage will create a reservoir that is 

expected to impact, through inundation, the habitat of several riverine forest fauna including two species 

of hippopotamus known to exist in the park. The habitat model presented focuses on the Hippopotamus 

amphibius. Computer-based habitat models present a unique opportunity to assess quantitatively the 

impact of the new reservoir on the habitat of the target species. Until this undertaking, there have been 

very few studies documenting the habitat of the H. amphibius, let alone model it. The poster shows the 

concept behind the habitat model HIPStrA and its application to  in the Bui National Park in Ghana, 
West Africa. 

Bui Park
The Volta Basin is located in West Africa and lies within 

latitudes 5o 30 N and 14o 30 N and longitudes 2o 00 E and 

5o 30 W, Figure 1a. The main channel is 1400 km and it 

drains 400,000km2 of a semi-arid and sub-humid savanna 

area. The basin lies mainly in Ghana (42%) and Burkina 
Faso (43%) with minor parts in Togo, Côte d'Ivoire, Mali 

and Benin. The Black Volta catchments is a sub-basin of 

the Volta system. Bui National Park straddles the Black 

Volta at the border of Brong- Ahafo and Northern regions. 

The park is centred on latitude 8o 13 N and longitude 2o 23 

W. It covers 1,885 sq. km of Wenchi and Bole District 

Assemblies. The park is the third largest in Ghana after 

Mole and Digya National Parks. Vegetation is classified as 

Guinea savanna woodland. Bui is endowed with rich 

riverine gallery forests along the shores of the Black Volta. 

It forms the largest stretch of protected riverine ecosystem 

on the entire length of the Black Volta. Bui hosts a typical 

selection of savanna and forest fringe species. The 

dominant faunal species are hippo, buffalo, waterbuck, 

bushbuck, kob, oribi, duikers, warthog and porcupine. At 

least four primates – green & patas monkeys, Geoffroy’s

pied colobus and olive baboon occur in the park.

Methodology, Remarks & Outlook

Objective
The aim of the study was to construct a computer-based habitat 

model for the Hippopotamus amphibius using field observations 

including hydrophysical variables and expert knowledge.
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Figure 5: Elicitation statistics

Figure 3: Inundation, Slope & Sediment Simulations

Figure 2: HIPStrA Model - Workflow
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Target Species
The description herein presented refers to the Hippopotamus 

amphibius. Hippos are massive, heavy-bodied animals with 

short stumpy legs. They have a relatively large head (compared 

to their overall body size) with big jaws filled with tusk-like 

canine and incisors. Their gape has been known to reach 150 

degrees, compared to 45 in the homosapien. Hippos have a 

short, tufted tail. They are almost hairless. Their skin is grey-

brown to blue-black on the upper surface and pinkish below. 

The eyes, ears and nostrils are all positioned on top of the head 

so that they can be almost totally submerged, but still be able to 

use all of their senses. When diving, the ears and nostrils can 

be closed. Hippos have webbed toes.

Figure 1b: 
DEM of Bui National Park showing 
location of the Bui Dam 

Figure 1a: Study domain

Plate 1: Hippo Pool
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Fig 5a: Expert educational background

Fig 5b: Expert opinion vs Observed data


