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The project ”Ethiopian Malaria Prediction System” (2007 to 2013) 
combined new population-based malaria transmission information 
with climate and land use variability data to develop an early warning 
to predict malaria epidemics in Ethiopia. 

Although weather variability is the 
main driver of malaria in Ethiopia, the 
association between weather and 
malaria is complex. Statistical models 
can predict malaria for large areas, 
but, as malaria transmission varies 
and depends on local environmental 
conditions, we need to have good 
and local knowledge about each 
area. 
!

Our research provided new 
information on the transport of 
moisture into the country. We 
developed a new classification of 
climate zones. 
!

Hydrology studies show that potential 
climate change differs among the 
Ethiopian river basins, with river flows 
being sensitive to variations in 
rainfall, and less to temperature 
changes. 
!

Epidemiological and entomological 
studies (figure below) from both high- 
and lowlands showed seasonal 
variation in malaria incidence and 
entomological inoculation rates (EIR), 
described the commonly 
occurring vectors, and measured 
insecticide resistance of An. 
arabiensis in some areas. Malaria 
transmission takes place up to 2300 
m above sea level, beyond the usual 
upper limit of 2000 m.  
!

Data from all meteorological stations 
shows that rainfall decreased in 
southeast Ethiopia (see figure 
below).  
!

Global warming may lead to 
increased risk of malaria in 
highlands, and less in the lowlands 
with already high average 
temperatures. 
!

!

The computer model (Open Malaria 
Warning; open source), incorporates 
hydrological, meteorological, mosquito- 
breeding, land-use data, and cattle 
densities to find out when and where 
outbreaks are likely to occur (Figure 
above).  
!

We validated the model with data of 
malaria transmission in the highlands 
and lowlands of Ethiopia, and known 
distribution of An arabiensis and An 
gambiae in Africa (see maps below of 
Africa).  
!

To improve such models, we need 
longterm monitoring of malaria cases 
and mosquito densities. Currently we 
also work on improving seasonal 
weather forecasting for smaller 
geographical areas.  
!

Our research strengthened research 
capacity in Ethiopia (eight PhD studies 
and 20 master degrees), and provided 
new knowledge on weather forecasting, 
and on malaria transmission. 
!

See malaria.b.uib.no/emaps for more details and 
publications
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contrasting conclusions (Conway 2000; Funk, 
Asfaw et al. 2003; Seleshi and Zanke 2004; Bewket 
and Conway 2007; Shang, Yan et al. 2011). In the 
data set used in this study, trend analysis indicates 
that rainfall in southern Ethiopia has decreased 
from 1971 till the present, both annually and in 
the northern hemisphere spring and summer sea-
sons. No clear trends could be detected in central 
and northern Ethiopia. 

The 14 rainfall zones were categorized into two 
regions, depending on whether February–May or 
June–September contributes most to the annual 
precipitation. As shown in Figure 3, the “spring 
region” thus consists of the three southernmost 
zones (VII, XII-A and XII-B), whereas the rest 
of Ethiopia make up the “summer region”. The 
regional precipitation, shown in Figure 10, was 
calculated as area-weighted averages of the zones 
in each region. As described in Section 2.1.1, 
trends were calculated using linear regression and 
the significance tested with bootstrapping and the 
non-parametric Spearman’s rho test. Trend lines 
have been included in Figure 10 in those cases 
where the null hypothesis of no trend could not 
be rejected at the 0.05 significance level. In the 
remaining cases, the p values of the various tests 
were too high. Statistical test results are given in 
Table 1. In general, there was good correspond-
ence between the results of the different statistical 
tests applied. 

In the spring region, the February–May precipita-
tion has declined with 2.6 mm/year during 1971–
2010. Comparing the expected values in 1971 and 
2010, this amounts to a reduction of 30 %. This is 
in line with Williams and Funk (2011), who found 
a general decrease in the March–June precipitation 
in East Africa during 1979–2009 compared to 
1950–1979. In addition to the decline in the main 
rainy season in the spring region, Figure 10 also 
shows a reduction of almost equal magnitude (2.2 
mm/year) in the drier June–September season, 
amounting to a reduction of more than 50 %. The 
total annual reduction in the spring region is 32 % 
(5.4 mm/year). Previously, a decline in precipita-
tion has been documented for individual gauge sta-
tions in southern, southwestern and southeastern 
Ethiopia during 1965–2002, but mainly during 
June–September from 1982 (Seleshi and Zanke 
2004). Investigating extreme rainfall events in the 
same data, Seleshi and Camberlin (2006) reported 
decreasing trends in extreme rainfall intensity 

during both February–May and June–September 
at the same stations.   

The results of most previous studies do not show 
any clear signs of changing rainfall patterns in 
central and northern Ethiopia (Seleshi and Zanke 
2004; Seleshi and Camberlin 2006; Bewket and 
Conway 2007; Cheung, Senay et al. 2008). The 
results of this study are similar: The hypothesis of 
no trend in this region could not be rejected at 
the 0.05 % significance level, neither annually, nor 
in any of the seasons. However, Figure 5 demon-
strates a visual clustering of dry seasons during the 
last 10–15 years in this part of the country, as well 
as in the south. The frequency of spring droughts 
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Figure 10  Precipitation trends
Annual and seasonal regional precipitation 1971–
2010; nationally, and for regions where the spring/
summer contributes most to the annual precipitation. 
Linear regression trend lines and slope values are 
shown when statistically significant (p<0.05), and also 
passing Spearmann’s rho test and the bootstrap test. 
Exception: the national Jun–Sep trend (marked with 
*) passed all criteria, except Spearmann’s rho test. The 
percentage in the upper right corner marks the change 
in the expected value over the period, comparing the 
trend line values in the first and last year.
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