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Overview 
 

Gaborone is one of the fastest growing cities in 

southern Africa and represents around 25% of the 

population of Botswana. Almost all food consumed in 

Gaborone is imported from neighbouring South Africa, 

with the exception of beef [1]. Poor agricultural 

productivity in the local area is largely attributed to 

unpredictable and low rainfall. Botswana is a semi-arid 

country with a mean annual rainfall of 450 mm and a 

mean annual potential evaporation of 2000 mm [2]. 

 

Domestic water supply in Botswana is heavily reliant on 

reservoir storage on ephemeral rivers. Gaborone relies 

on the reservoir storage behind the Gaborone Dam of 

the Notwane River. Unfortunately, expansion of 

reservoir storage in Botswana is limited by the 

availability of suitable topographical sites. Furthermore, 

conventional surface water storage from dams often 

provides more environmental impacts than benefits.  

 

 

 

 

 

More recently, there has been a growing preference 

around the world for managed aquifer recharge with 

check dams (MAR-CD) [3]. 

 

 

Fig. 1: Notwane River at the end of the wet season. 

 

The idea behind MAR-CD is to construct a sequence 

of small check dams on a river. These check dams differ 

from conventional dams in that they are designed to 

significantly slow the flow rate of rivers as opposed to 

halt river flow completely. 

 

River flows in semi-arid ephemeral rivers are 

characterised by unpredictable and episodic flash 

floods. During such events, water rushes through river 
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channels giving little time for water infiltration into 

underlying alluvial aquifers. However, the presence of 

check dams slows the flow of river water enabling 

much greater infiltration, which leads to increased 

groundwater recharge and storage.  

 

 

 
 

Fig. 2: Sweet potatoes and spinach grown using 

groundwater produced from the underlying dolomite 

aquifer. 

 

 

Infiltrated water can be recovered during dry periods 

from bankside groundwater wells. 

 

Two significant advantages of MAR-CD are: 

 

(i) reduced evaporative losses and  

 

(ii) improved water quality from bankside filtration.  

 

Another important advantage is that because the 

upstream river bed completely dries out following 

infiltration, sediment build-up behind the check dams 

can be easily removed by simple excavation methods 

and can be redistributed locally to partially reverse soil 

erosion. 

 

This project seeks to develop our understanding with 

regards to how MAR-CD could potentially improve 

water and food security for the Gaborone region of 

Botswana. Improving water availability is in turn hoped 

to increase arable agricultural productivity and food 

security in the area [4]. 

 

 
Methodology 
 

This PhD involves using a range of interdisciplinary 

methods including geology, hydrology and surveying 

and will cover the following activities:  

 

(i) Building a Digital Elevation Model of the Notwane 

River using photogrammetric survey with drones [5]; 

this dataset will be used to determine flood regions 

upstream of possible check dam locations.  

 

(ii) Repeat flow measurements along the river using 

electromagnetic flow meters (Fig. 3); this information 

will be used to determine current groundwater surface 

water exchange rates [6].  

 

(iii) Infiltration capacity measurements to determine 

potential groundwater recharge rates.  

 

(iv) Hydraulic modelling to simulate the presence of 

check dams along with their exploitation using bankside 

groundwater production wells. 

 

Results from the project will then be used to derive 

recommendations for further development in this area. 

 

The project will benefit from a strong existing 

partnership with the Department of Environmental 

Science at the University of Botswana. Prof Kenabatho 

will host the student in Botswana and his group will 

provide significant assistance for the anticipated field 

programme. 

 

 

 
 

Fig. 3: Flow gauging upstream of a recharge dam in Cyprus. 

(Photo curtesy of Adriana Bruggeman, Cyprus Institute, 

2014) 

 

 
Timeline 
 

Months 1-6 Literature review, MATLAB training and 

hydrological modelling training. 

 

Months 6-12 Application of existing hydrological data 

sets to develop baseline understanding of Notwane 

catchment plus training in relevant field techniques. 

 



 

  

Months 12-18 Fieldtrip to Botswana to meet 

stakeholders and acquire field data from Notwane 

catchment. 

 

Months 18-24 Develop hydrological model based on 

acquired data to explore different MAR strategies. 

 

Months 24-30 Fieldtrip to Botswana to communicate 

findings with stakeholders. 

 

Months 30-36 Complete first draft of thesis. 

 

Months 36-42 Submit thesis and complete viva. 

 

 
Training & Skills 
 

The student will obtain access to training in the 

following areas: 

 

 MATLAB programming 

 Hydrological modelling 

 River flow measurement with EM probes 

 DEM acquisition using photogrammetric 

survey with drones 

 Infiltration measurement using infiltrometer. 

 Stakeholder engagement. 
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Further Information 
 

Contact Simon Mathias for more information. 

 

Email: s.a.mathias@durham.ac.uk 

Tel: +44 (0)191 3343491 
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