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opment Authority [2016]. This makes them vulnerable to 
insufficient water and often live under insecure liveli-
hoods. Therefore, for such communities the ability and 
skills to effectively manage the resulting runoff by using 
rainwater harvesting methods is extremely important 
[MBILINYI et al. 2007].  

Rainwater harvesting (RWH) is assumed to be one of 
the viable approaches to combat water shortage and it has 
been in use for thousands of years. It can be defined, in its 
broad sense, as all methods that ponder, stock up and col-
lect effective runoff from rainwater [ROCKSTRÖM 2000]. It 
used either for surface water pondage or for ground water 
replenishment since this aid for sustainable water resources 
management [BAKIR, XINGNAN 2008]. 

Indeed, RWH is extremely valuable in addressing the 
water shortage challenge and it reduces groundwater ab-
straction or cropping risks yet increases crop production 
subsequently. Furthermore, harvested rainwater can be 
used to foster grassland, enhances afforestation, improves 
food insecurity, decrease top soil loss and erosion, and to 
improve the exploitation of freshwater. What’s more, 
RWH is used to increase groundwater reserves which am-
plifies water potential and also boosts job opportunities or 
improves socio-economic situations [ADHAM et al. 2016a]. 

The two key determinant factors for effective use of 
RWH systems are whether optimal sites are selected and 
the nature of the technical design [AL-ADAMAT et al. 
2012]. The identification of appropriate areas to harvest 
rainwater relies, in turn, on numerous factors [MAHMOUD, 
ALAZBA 2014], which can be grouped in two, namely bio-
physical and socio-economic. The former focuses on bio-
physical factors like precipitation, stream order, slope gra-
dient, land use/cover, soil texture [KADAM et al. 2012; 
KUMAR et al. 2008], and the latter, however, focuses on 
integrating socio-economic factors (e.g., land tenancy, dis-
tance to settlement/streams/roads/agricultural area, popula-
tion density) with the biophysical components [BULCOCK, 
JEWITT 2013; KROIS, SCHULTE 2014].  

In estimating rainfall runoff, numerous hydrological 
models are available. Of these models, the soil and water 
assessment tool (SWAT) was applied in this research ow-
ing to its availability, convenience, friendly interface, and 
simple operation; it can be obtained from the official web-
site [ABDO et al. 2009]. 

Integration of remote sensing (RS) and Geographic In-
formation Systems (GIS) with hydrological model pro-
vides ideal tools for the simulation of surface runoff and 
peak discharge. RS can be used to deliver real data with 
high temporal and spatial resolution whereas GIS is a de-
vice for gathering, storing, and examining spatial and non- 
-spatial data [MATI et al. 2006]. Also, it is advantageous in 
areas where there is scarcity of data, which is common in 
developing countries like Ethiopia [MAHMOUD 2014]. 
Hence, GIS and RS are valuable and time-saving ap-
proaches in identifying optimal water harvesting sites. 

The present study endeavors to identify appropriate 
site for surface rainwater harvesting structures in Dawe 
River watershed by using SWAT model, RS data and GIS 
techniques. The results of this research can benefit decision 
makers as they establish water management plans for the 

watershed and also suggests areas for water harvesting in 
the conservation and better utilization of water for the  
people practicing the unplanned manner to store the water. 

MATERIALS AND METHODS 

STUDY AREA 

Dawe River watershed is situated in middle the Wabe 
Shebelle River basin in the range of 41°44’34” E to 
41°47’58” E longitude and 9°13’37” N to 9°26’39” N lati-
tude in the eastern part of Ethiopia. Its area coverage is 
about 368 km2 (Fig. 1). It is bordered by mountain and 
plateaus in its southern part. Higher mountains exist at the 
upper margin while there are low landforms at the lower. 
The altitude ranges from 1655 to 3358 m a.s.l. According 
to the Harmonized World Soil Database (HWSD) [DEWIT-
TE et al. 2013], five soil types are distinguished in the wa-
tershed, namely chromic luvisols, eutric leptosols, humic 
nitosols, lithic leptosols and rendzic leptosols. The eutric 
leptosols cover the steep hilly slopes whereas chromic lu-
visols and rendzic leptosols are found on flat and milder 
slopes. The weather condition of the watershed is de-
scribed by a humid to sub-humid with majority falling in 
sub-humid zone receiving a yearly average rainfall of 
723.36 mm and 534 mm, respectively. The yearly average 
maximum and minimum temperatures are 27.14°C and 
10.59°C, respectively with mean annual potential evapora-
tion of 1962 mm. 

 
Fig. 1. Location and elevation map of study area;  

source: own elaboration 

DATASETS 

In the present study, Landsat image, digital elevation 
models (DEM), soil type maps and climate data are ex-
tracted to be used for assessing runoff evaluation and water 
harvesting practices. Landsat imaging is used to express 
the land use and land cover maps. The Landsat 8 are ac-
quired from the United States Geological Survey (USGS) 
website with geo-reference to UTM zone 37, WGS 1984, 
and was taken in April 2019 with a 30 m resolution. It is 
processed using ERDAS IMAGINE 14 software. DEM’s 
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Fig. 4. Map of soil texture for suitable water harvesting site  

selection; source: own elaboration 

Land use and land cover (LULC). The land use and 
land cover of a catchment influences runoff and is a key 
parameter to selection appropriate water harvesting sites. 
For instance, surfaces with denser land cover is associated 
with higher rates of interception and infiltration and thus 
have lower runoff [KAHINDA et al. 2008]. Seven major 
LULC types have been identified: agricultural land, shrub 
land, grazing and forest land, bare land, water body, and 
settlement (Fig. 5). 

 
Fig. 5. Land use land cover (LULC) map for suitable water  

harvesting site selection; source: own elaboration 

Stream order. The spatial analysis tools were devel-
oped to produce the stream order map based on the DEM 
data mainly in order to identify hydrological parameters. 
Surface water is the prime source of water in the water-
shed. During short rainy season, collecting water is vital 
for domestic, and other purposes. The stream order refers 
to the hierarchical linking between the flow sections and 
allows the drainage basins to be classified based on their 
size. Its arrangement depends on the linkage of tributaries. 
Additionally, for mapping RWH, order analysis is im-
portant and, hence, conducted because the higher stream  

 
Fig. 6. Stream order map for suitable water harvesting site  

selection; source: own elaboration 

orders have lower absorptivity and infiltration. The map of 
stream order is indicated in Figure 6. 

Stakeholders’ priority. The community representa-
tives inhabiting in the catchments were participated in se-
lecting sites of rainwater harvesting considering their own 
criteria and interest. They follow the criteria like distance 
to settlement/farming area/animal stocking, land tenure, 
possibility of river diversion and existence of overflow 
water. This coincides with FAO [CRITCHLEY et al. 1991] 
which report that stakeholders’ priority is a significant pa-
rameter in identifying sites to conserve rainwater. The se-
lected sites by the representative is delineated and mapped 
in Figure 7 as suitable, moderately suitable and not suitable. 

 
Fig. 7. Stakeholders’ priority water harvesting site map  

in the study area; source: own elaboration 

Surface runoff depth estimation. Surface runoff 
depth is another significant key parameter in identifying 
optimal sites for rain water harvesting. Potential water 
supply during runoff is assessed using runoff depth. Runoff 
depth was estimated using soil and water assessment tool 
(SWAT) hydrological model. SWAT is a physically-based 
model for continuous estimation of discharge, sediments, 
and nutrients on daily/sub-daily basis. It divides the water-
shed into sub-watersheds, which are made from drainage 
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