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1 Background 

This report attempts to provide insights into the direct and indirect drivers of hydrology in the Bale 

Eco-Region. Some key drivers are natural, such as slope, rainfall and evaporation, and soil type. Other 

drivers are strongly depending on human activities, for example land cover/land use change, 

deforestation, water use, etc. These drivers are discussed in this report. By knowing the drivers, 

further insight can be brought to the relative impact of project interventions to the hydrology at the 

watershed, landscape and eco-regional level.  

Through soil and water conservation in the watershed, the SHARE project aims to improve the 

hydrology of the watershed by increasing water availability in the dry season and reduce peaks in the 

wet seasons. To be able to measure this impact and distinguish it from natural variations, a long term 

(5-10 years) period is required. The short project time-frame does not allow for trend analysis with a 

sufficient level of confidence, and analysis of the of impact soil and water conservation activities on 

the river flow regime and sediment loads. This report concludes with a description of the 3 stations 

where water level, weather parameters and sediment load is being monitored in order to better 

understand the hydrology of the region and its drivers.  

1.1 Location of the Bale Eco-Region  

The BER is located in the Oromia Region and consists of sixteen Woredas in the Bale and West-Arsi 

Zones of the Oromia region1. Out of the sixteen Woredas, seven are the so-called focal Woredas of 

the project which are the focus of project interventions (Figure 1). The BER covers a total land area of 

about 38,036 km2. The BER spans across an altitude of 272 masl in the South to 4,377 masl in the 

North. The Sanetti Plateau is located in the central northern part of the BER and is, with an estimated 

surface area of 400 km2Σ !ŦǊƛŎŀΩǎ ƭŀǊƎŜǎǘ ŀƭǇƛƴŜ ƘŀōƛǘŀǘΦ ¢ƘŜ ŀƭǘƛǘǳŘŜ ƻŦ ǘƘŜ plateau ranges between 

оΣррл ŀƴŘ пΣотт Ƴŀǎƭ ŀǘ 9ǘƘƛƻǇƛŀΩǎ ǎŜŎƻƴŘ ƘƛƎƘŜǎǘ ǇŜŀƪ ŀǘ aƻǳƴǘŀƛƴ ¢ǳƭǳ 5ƛƳǘǳΦ Lƴ ǘƘŜ ŎƻƭŘŜǎǘ 

months, frost and even snow occur. 

                                                           
1 Geographically, the BER lies within the coordinates of 38N5118.21 longitude and E5.332.5 latitude, to 
41N.233.9 longitude and 5.2339 latitude. 



         Drivers of hydrological dynamics in the Bale Eco-Region. 

 

 
                                                                

 

 Location of the BER in Ethiopia, its 16 Woredas and 7 focal Woredas (shaded). 

The area is called a water tower because of the many springs in the area and because it supplies water 

to two international river basins. The BER forms the upper catchments of both the Genale Dawa (also 

called Juba) and Wabe Shebelle River basins (Figure 2).  
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 Location of the BER (area with black dash lines) and Bale Mountains National Park (BMNP), 

delineation in red) in the Wabe Shebelle (striped) and Genale Dawa River Basins (not striped) in the 

Horn of Africa. 

Source: original GIS data produced by FAO Somalia Water and Land Information Management (SWALIM) 

 

The northern area (16% of BER area) drains into a tributary of the Wabe Shebelle River Basin. The 

southern part drains into the Genale River Sub-basin (74% of BER) and Weyb sub-basin (10% of BER), 

which are both tributaries of the Genale Dawa River. 

While the BER provides natural resources to an estimated 3.3 million people living inside the BER, an 

estimated 30 million people live in the two river basins combined (Mohammed 2013). Downstream 

communities are critically dependent on water supply from these river systems. These communities 

ƭƛǾŜ ǇŀǊǘƭȅ ƛƴ 9ǘƘƛƻǇƛŀΩǎ {ƻƳŀƭƛ wŜƎƛƻƴ ƭƻŎŀǘŜŘ ǘƻ ǘƘŜ 9ŀǎǘ ƻŦ .9w ŀƴŘ {ƻǳǘƘ /ŜƴǘǊŀƭ {ƻƳŀƭƛŀ ƭƻcated to 

the South East of the BER (Figure 2).  

Today, the BER still holds enormous potential for development in a number of sectors. In the area of 

food security, high potential exists for agricultural intensification and expansion. There is also huge 
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opportunity for further promotion of all the resources that the BER has to offer for national and 

international tourists. However, care is needed to ensure sustainable development and to safeguard 

critical natural resources, including water. 

1.2 Demographics 

Projections based on the latest census (CSA 2007)2, give an estimate of the human population in the 

BER as 3.3 million. Out of this, a total of 1.6 million people living in the 16 Woredas are expected to 

benefit directly or indirectly from the project. Some 0.4 million residing in five Woredas in lowlands 

have pastoralist or agro-pastoralist livelihoods (CSA 2007). The BER has a largely rural population, and 

a number of small towns. The largest settlements in the BER are Robe (44,382), Goba (32,025), Dodola 

(24,767), Adaba (17,875), Delo Mena (14,289), and Dinsho (3,609) (CSA 2007). In terms of religion, the 

population of BER is mainly Islamic (89.3%), Christian Orthodox (10.3%) and Protestant (0.4%). Total 

fertility rate in the BER is high; 5.2% in West Arsi Zone and 5.8% in Bale Zone, compared to the national 

average (4.8%) (CSA 2007). A more recent Domestic Household survey (DHS), carried out in 2011, 

reported 4.8 children per women as the national average fertility rate and 5.6 as the average in the 

Oromia Region (DHS 2012). 

1.3 Land use and land cover  

Land Use and Land Cover (LULC) of the BER were classified after ground truthing and analyses with 

ENvironment for Visualizing Images 5.0 Software (ENVI) were completed. The following categories are 

found in the BER, ranked from most dominant to least dominant: 

1. Woodland (33% of total): In terms of density, the crown covers of the upper stratum covers 
5-10 percent of the area, where trees are able to reach a height of 5 meters at maturity. 
Wood lands are characterized by open, even or uneven tree layer. Trees are dominant in the 
total vegetation; 

2. Farmland and rural settlements (27% of total): Area used for annual crops, both rain-fed 
and irrigated, and dispersed rural settlements. In remotely sensed images, the separation of 
dispersed settlements from the surrounding farm plots was very difficult. Hence, they were 
lumped together; 

3. Shrublands (18% of total). Shrub lands are areas covered with woody vegetation mainly 
composed of shrubs (generally more than 0.5 m and less than 5 m tall), with most of the 
ƛƴŘƛǾƛŘǳŀƭ ǎƘǊǳōǎ ƴƻǘ ǘƻǳŎƘƛƴƎ ŜŀŎƘ ƻǘƘŜǊΦ ¦ƴŘŜǊ ǘƘƛǎ Ƴŀƛƴ ŎƭŀǎǎΣ ǘƘŜ ŎƭŀǎǎƛŦƛŜǊ Ψ5ŜƴǎŜΩ ǊŜŦŜǊǎ 
to the shrub vegetation whose closed cover reaches 60-70 percent of the area it occupies. 
Conversely, the ΨhǇŜƴ {ƘǊǳōΩ ƛŘŜƴǘƛŦƛŜǊ ŀǇǇƭƛŜǎ ǘƻ ǿƘŜǊŜ нл-10 percent of the area is 
covered by shrub more than 0.5 m and less than 5 meters tall and also includes open 
grassland area dominanted by grasses with only a few widely scattered shrubs and trees; 

4. Forests (14% of total): Forest describes land where trees reach a minimum height of 5 
meters at maturity and consists of closed forest, with the tree crowns covering 50-80 
percent of the area. Excluding Erica Forest; 

5. Grassland (6% of total): Grassland class pertains to the plant communities in which grasses 
are dominant (over 90 percent), shrubs are rare and trees are almost absent; 

                                                           
2 This estimate constitutes the populations of Bale and West Arsi zones, as obtained from CSA 2007 census. As it does not include the 

populations of other regions and Oromiya zones dependent on the ecosystems services of BER, it is a conservative estimate. 



         Drivers of hydrological dynamics in the Bale Eco-Region. 

 

 
                                                                

6. Afro-alpine (1% of total): Area classified as being in the Afro Alpine zone, being predominantly 
the Sanetti Plateau; 

7. Erica forest (1% of total): Land covered by Erica tree. The Erica tree is very unique and has a 
protected status together with its entire habitat. Therefore it is not combined with category 
four, forests; 

8. Water bodies (0.1% of total): Land covered by open water bodies, predominantly lakes. 
 

Based on data from 2014, the most dominant LULC categories are currently woodlands, farmland and 

rural settlements, scrublands, forests, and grasslands (Figure 3). When analysing temporal dynamics 

of LULC between 2010 and 2014, the most notable changes in LULC were a reduction of the area of 

grass land (59,032 ha, 20%), shrub land (46,026 ha, 6%) and forest (23,537 ha, 4%) (Table 1). This 

reduction can largely be attributed to an increase in the area of cropland and rural settlements 

(159,805 ha, 18%).  

 

 Dominant LULC classification in the BER in 2014. 

Source: Farm Africa unpublished. The land use and land cover data was analysed by Farm Africa staff, using Landsat 
satellite images and classification was done using ENVI 5.0 Software. 
 

Table 1. Land use land cover change in the BER between 2010 and 2014. 
Land use land cover type Area (Ha) Change between 2010 and 2014 

 2010 2014 Ha % 

Cropland and rural settlements 869,080 1,028,885 159,805 18% 

Grass Lands 299,127 240,095 -59,032 -20% 

Shrub Lands 745,112 699,086 -46,026 -6% 

Forest 570,390 546,853 -23,537 -4% 

Woodlands 1,252,501 1,235,407 -17,094 -1% 
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Afro Alpine 43,699 31,815 -11,885 -27% 

Erica Plants 21,304 19,086 -2,218 -10% 

Water Bodies 2,404 2,391 -13 -1% 

Source: Farm Africa unpublished 
 

Table 1 indicates that in the period 2010-2014 land conversion has taken place at a significant scale. 

Cropland and rural settlements have increased by 159,805 ha in a period of just 5 years at the cost of 

other LULC categories. The observed reduction in area of water bodies is likely to reflect natural 

variability in the area of wetlands/open water bodies.  

1.4 Bale Mountains National Park and other protected lands 

The Bale Mountains National Park, which is one of the most important protected areas in Ethiopia 

was established in 1970. The park covers an area of 2,150 km2 which accounts for roughly 6% of the 

total area of BER (38,036 km2) (Figure 4). The park derives its uniqueness from the large number of 

endemic plant and animal species. It is also unique due to the different vegetative landscapes that are 

strongly determined by altitude. In 2009, the park was nominated as a UNESCO World Heritage site 

because its high wealth of biodiversity and the landscape are ǊŜƎŀǊŘŜŘ άƻŦ ŜȄŎŜǇǘƛƻƴŀƭ ƴŀǘǳǊŀƭ 

ōŜŀǳǘȅέ3.  

The Ethiopia Wildlife and National History Society published a special edition of its journal in 2011, 

called Walia-Special Edition on the Bale Mountains (Randal et al 2011). It contains a rich collection of 

scientific papers with results from decades of research in a number of areas such as wildlife, ecology 

and vegetation, resource use and protected area management. What the edition lacks is the links and 

importance of the BER to the wider surrounding landscape, especially downstream areas that are 

benefiting from the flow of ecosystem services generated in the BER. 

                                                           
3 For more information, see the description made by UNESCO: http://whc.unesco.org/en/tentativelists/5315/ 

http://whc.unesco.org/en/tentativelists/5315/
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 Location of the Bale Mountains National Park in the BER. 

The national park serves another important function in the conservation and building up of soils and 

for infiltration of rainwater to recharge groundwater. Any degradation of the park area would have 

potentially severe implications for the water balance, sediment loads in the rivers and the livelihood 

of people living in downstream areas. 

1.5 Livelihoods and sources of income 

The predominant livelihoods in the BER are mixed farming and agro pastoralism. Findings from the 

household survey carried out in 2015 showed that 45.7% and 47.5% of the households practice mixed 

farming and agro pastoralism respectively (Table 2). A small percentage of households practice only 

pastoralism (2.7%) and pure farming (3.6%). 32.3% of all households have supplementary income 

from alternative sources. The most common source of alternative income is gained from honey 

production (25.9% of all households), and a few households grow spices and coffee. The survey 

showed that none of the communities in the project Kebeles are currently deriving any income from 

tourism in and around the Bale Mountains National Park.  

Table 2. Sources of income and livelihoods in the BER. 
Livelihoods Project Kebeles Control Kebeles 

No. of 
Households 

% of total No. of 
Households 

% of total 

Pastoral 6 2.7% 6 2.8% 

Agro Pastoral 105 47.7% 112 51.9% 

Mixed farming 101 45.9% 90 41.7% 

Pure farming 8 3.6% 8 3.7% 
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Alternative livelihood practices; of which: 71 32.3% 81 37.5% 

  Honey Production 57 25.9% 54 25.0% 

  Spices 6 2.7% 13 6.0% 

  Tourism (tours & trails) 0 0.0% 2 0.9% 

  Coffee 8 3.6% 12 5.6% 

Total 220 100.0% 216 100.0% 

Source: Wenni Consult 2015 

 

The average annual cash income of households in the BER is 7,157 Ethiopian Birr (ETB) (363 USD) 4. 

The average cash income of households in highland, midland and lowland respectively was ETB 10,004 

(470 USD), 6,541 (307 USD) and 4,182 (196 USD) in the project intervention Woredas (Figure 5). The 

reasons for this altitudinal disparity cannot be explained without further research but speculatively 

may reflect differences in availability of rain and/or water, limiting the natural capacity (feed and 

water availability) to keep livestock. Higher cash income in the highlands and mid-altitude zones are 

likely due to higher incomes generated from mixed farm and livestock keeping communities highland 

compared to the predominant pastoralist livelihoods in the lowlands. Malaria being exclusively 

prevalent in the lowlands (and some in mid-altitude) may also disproportionally affect productivity, 

however the validity of this proposition has not been researched as far as known. 

 

 Household cash income by agro-ecological zone 

Source: Wenni Consult 2015 
 

1.6 Health and well-being 

Most health indicators are found at the regional level and unfortunately not at the zonal level. Data 

presented here are all averages for Oromia, taken from the most recent Demographic and Health 

Survey (CSA 2012).  

                                                           
4 1 USD is equivalent to 20.82 Birr based on the exchange rate taken from oanda.com on 27 November 2015 
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All mortality rates are higher than the country average, however they are not the highest of the 

country. Neonatal mortality is 40 per 1,000 live births compared to 37 for Ethiopia. Post-neonatal 

mortality in Oromia is 32 per 1,000 live births compared to 22 for Ethiopia. Infant mortality is 73 in 

Oromia, compared to 59 for Ethiopia. Child mortality is 42 per 1,000 live births in Oromia compared 

to 31 for Ethiopia. Under-5 mortality is 112 per 1,000 live births in Oromia, compared to 88 for 

Ethiopia. 

Nutritional status of children under 5 are only found for Ethiopia at the country level; 44% are stunted, 

10% suffer from wasting in Ethiopia, and 29% of the total population are underweight. Estimated life 

expectancy at birth is 62 years for males and 65 years for females. The burden of disease measured 

in terms of premature death is estimated at 42,966 disability adjusted life years lost per 100,000 

people, which is the highest in sub-Saharan Africa. Most common diseases in Ethiopia are malaria 

(absent in highlands), acute respiratory infections, diarrhea and HIV/AIDS (WHO 2014). Malaria is 

typically found below 2,000 masl, so mid altitude and low altitude zones will have malaria cases.  

  

http://www.who.int/whosis/indicators/2007LEX0/en/index.html
http://www.who.int/whosis/indicators/2007LEX0/en/index.html
http://www.who.int/gho/mortality_burden_disease/countries/deaths/en/index.html
http://www.aho.afro.who.int/profiles_information/index.php/Ethiopia:Analytical_summary_-_Malaria
http://www.aho.afro.who.int/profiles_information/index.php/Ethiopia:Analytical_summary_-_HIV/AIDS
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2 Physical geography 

2.1 Altitude and slope 

The BER covers a wide range in altitude levels with over 4,000 meters difference between the lowest 

(272 masl) and the highest (4,385 masl) point (Error! Reference source not found.).  

Knowing information about slopes is important as it is an important factor for calculating soil 

erodibility and assessing erosivity of rainfall. It is also a major factor in characterizing suitable types of 

land use and is an important factor determining land cover. The BER has slopes that range from flat 

(8% of total area) to extremely steep slopes (3% of total area) (Figure 6). The steepest slopes are 

located mostly around all sides of the Sanetti Plateau. 

  

 Variation of surface slope in the BER. Source: SWALIM Project. 
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2.2 Soils 

The soil data are presented below as geographical distribution (Figure 7) and fraction of total area 

(Figure 8). Six soil types combined account for over 75% of the BER. The most dominant soil types is 

leptosol (20%), followed by cambisol (17%), vertisol (12%), nitisol (12%), luvisol (11%) and calsisol 

(7%).  

 

 Soil map of the BER.  

 

 Distribution of soil types in BER. Numbers in hectares.  

Source: SWALIM Project.  
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Leptosols are limited in depth by continuous hard rock within the 30cm of the surface, and therefore 

these soils have limited potential for root penetration and plant growth. Erosion is known to be the 

greatest threat in particular in montane areas such as the BER. Steep slopes with shallow and stony 

soils can be transformed into cultivable land through terracing by manually removing the stones and 

using as terrace fronts (FAO 2001). 

Cambisols are moderately developed soils characterized by the absence of appreciable quantities of 

illuviated clay, organic matter, aluminum and/or iron compounds. The soils can host a wide range of 

vegetation types and are mainly used as grazing land and/or forestry in steep lands of BER. 

Vertisols contain heavy clay and have deep cracks in the dry season as a result of alternate swelling 

and shrinking. Their fine texture and poor internal drainage account for the often poor workability of 

Vertisols, both in the wet and dry season. Vertisols areas lend themselves to large scale mechanized 

farming than low-technology farming.  

Nitisols are well drained soils containing more than 35% clay throughout their profile with a gradual 

increase of the clay content from the top soil down to the B-horizon. Nitisols are also very porous and 

have a high moisture storage capacity and are among the most productive soils of the humid tropics. 

They are also less erodible than most other soils. 

Luvisols are fertile soils and are suitable for a wide range of agricultural uses, but may also be sensitive 

to erosion. Calcisols are known for having a substantial accumulation of calcium carbonate. Most 

Calcisols have a medium to fine texture and a good water holding capacity. Sheet erosion and gully 

formation may occur when the surface soil is silty and crusts have developed. 

2.3 Climate 

The BER exhibits a wide range of temporal and spatial climate variability, which is predominantly 

determined by differences in altitude. The Bale Mountains are reported to have had a glacier area 

possibly of up to 180 km2 during the last glacial period, from approximately 110,000 to 12,000 years 

ago (Osmaston et al 2005). 

It is anticipated that Ethiopia will be severely impacted by the effects of climate change and there is a 
lot of donor money earmarked to combat the negative impacts. At the country level, there is huge 
level of uncertainty with regards to what the effect of climate change will be in Ethiopia. For the 
Eastern part of the country, decreased rainfall and increases in temperature as well as changes in 
rainfall patterns may result in more frequent occurrence of droughts, a higher frequency of heavy 
rains and higher peaks in runoff (EPCC 2015). No data were found on any scenarios of climate change 
impacts specifically for BER.  
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2.3.1 Rainfall 

Rainfall data derived from the Wabe Shebelle and Genale Dawa Basin delineated for BER show a range 

from 1,142 to 637mm, with a mean rainfall of 923mm (Figure 9). Rainfall varies with altitude and is 

highly variable. The highest mean annual rainfall is observed in the high altitude, western part of the 

BER. 

 

 Distribution of rainfall in the BER.  

Source: SWALIM project. 

 

While the below periods of available data for the NMA stations show a large number of years (Table 

3), the actual data received from NMA have a lot of gaps with some years missing data for one or 

more months and some months missing data for one or more days (See Figure 10). In particular the 

ǎǘŀǘƛƻƴ ƛƴ Dƻōŀ ƻƴƭȅ Ƙŀǎ Řŀǘŀ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǘƘŜ мфрлΩǎ ŀƴŘ ŜŀǊƭȅ мфслΩǎΦ !ǾŜǊŀƎŜ ŀƴƴǳŀƭ ǊŀƛƴŦŀƭƭ ƛǎ 

characterized as presented in the below table (Table 3). 

Table 3. Information on weather stations and data in the BER, obtained from NMA office in Robe 
town, Bale.  

!ƭǘƛǘǳŘŜ ȊƻƴŜ {ǘŀǘƛƻƴ ƴŀƳŜ !ǾŜǊŀƎŜ ŀƴƴǳŀƭ ǊŀƛƴŦŀƭƭ  
όƳƳ ȅǊπмύ 

!ƭǘƛǘǳŘŜ 
όƳŀǎƭύ 

tŜǊƛƻŘ ǿƛǘƘ ŎƻƳǇƭŜǘŜ 
Řŀǘŀ 

IƛƎƘ !ƭǘƛǘǳŘŜ Dƻōŀ уоу нтлл мфрпπмфсн 

!Řŀōŀ тто нпнл мфртπ нлмн 

5ƛƴǎƘƻ мΣрур олтн мфупπнлмн 

aƛŘ !ƭǘƛǘǳŘŜ ƴΦŀΦ π мΣолл ς нΣолл π 

[ƻǿ ŀƭǘƛǘǳŘŜ 5Ŝƭƭƻ aŀƴŀ мΣлмт млфл мффоπнллу 

Source: NMA 
 
























































