
Impact of land use change on a hydro-meteorological event in 
Kampala, Uganda
Problem statement

Kampala is the capital city of Uganda on the northern shores of 
Lake Victoria. Here, future climate change is a major challenge. 
Kampala is one of the fastest growing cities worldwide and is 
prone to regular fl ood hazards. 

This study addresses two main questions:
1 What is the impact of the recent and future city developments 

on the local climate?
2 How does the local climate impact the fl ood characteristics? 

Methodology

Tools used:
 Weather Research and Forecasting (WRF) model. Forced with 

ERA-interim (May – June 2012). Three domains are nested; 20, 
4 and 1 km horizontal resolution (Figure 1). 

 OpenLISEM model, a spatial hydrological model (resolution 
~20m) simulating discharge, sediment dynamics and shallow 
fl oods. Forced with 1 km WRF-rainfall on 10-minutes interval. 

 Local precipitation measurements 
 Various earth observing satellite products 

Results

Rapid urbanization took place from 1989, 1995, 2003, up to 2010 
(Figure 2). Over the years the city developments have accelerated, 
not only covering a greater area, but also infi lling the open and 
green spaces on hilltops, and wetlands. This development is 
expected to continue in the near future as shown in Figure 3 for 
the Lubigi catchment.

The WRF-model produces suffi cient precipitation over the city 
Kampala for June 2012 (Figure 4), but is too low in intensity over 
the Lubigi catchment compared to local rainfall measurements. 
As a result, LISEM produces less discharge using heterogeneous 
or homogeneous distributed WRF rainfall compared to using 
homogeneous distributed local measurements (Figure 5).

Conclusions

For fl ood risk assessment in Kampala, the temporal variability 
of rainfall (intensity and duration) seems to be more important 
than the spatial variability. Future research focuses on impact of 
urbanization on rainfall patterns over longer time scale.
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Figure 5 Time series of modelled discharge (left axis) and precipitation (right axis) using heterogeneous (blue) 
and homogeneous (gray) distributed WRF 1km rainfall, and local rainfall measurements (yellow) for rainfall 
events on 23 and 27 June 2012

Figure 4 Accumulated precipitation for June 2012 from WRF-model for all 1km urban grid points (dotted), WRF 
urban mean (thick black line), WRF grid nearest to local measurements (red), and local measurements (blue) in 
10-minute time steps.

Figure 3 Future city development in near future: baseline in 2010, scenarios for 2020, 2030 and 2040.

Figure 2 City development of Kampala as derived from satellites for 1989, 1995, 2003 and 2010

Figure 1 Land use as used in WRF-model for 20km, 4 km and 1 km domain, focusing on Kampala city


