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1 Background

This report attempts to provide insights into the direct and indirect drivers of hydrology in the Bale
EceRegionSome ky drivers are naturakuch as slope, rainfall and evaporatiand soil type. Other
drivers are strongly depending on human activiijfor exampleland covefland use change,
deforestation, water use, etcThese drivers are discussed in this report. By knowingdtheers,
further insight can be brought to the relative impact of project interventions to the hydrology at the
watershed landscape and ecregional 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 moeasure this impact and distinguish it from natural variations, a long term
(5-10 years) period is require@heshort project timeframe does not allow for trend analysigth a
sufficient level of confidenceand analysis ahe of impactsoil and waterconservation activitiesn

the riverflow regime and sediment lo&dThis 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 gion and its drivers.

1.1 Location othe Bale Ecd&Region

The BER is located in the Oromia Region and consisisteénWoredas in the Bale and WeAtsi

Zones of the Oromia regiénOut of thesixteenWoredas, severre the secalled focal Woredas of

the project which are the focus of project interventiofégure ). The BER covers a total land area of

about 38,036 krh The ERspans across an altitude of 2W2asl in the South to 4,377 masl in the

North. The Sanetti Plateau is located in the central northern part of the BER ariithian estimated

surface area of 400k ! FNRA OF Q& f I NBS&ad | f pdkeduSandeb ldetwéeh (i © ¢ K
oXppn YR nZotT Yrat i 90KA2LIAIQa &aSO2yR KAIK!
months, frost and even snow occur.

1 Geographically, theBERIlies within the coordinates of 38N511812longitude and E5.332.5 latitude, to
41N.233.90ngitude and 5.233titude.
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Figure 1. Location of the BER in Ethiopia, its 16 Worealas 7 focal Woredas (shaded).

The area isalleda water tower because of the many springs in the area laechusét supplies water
to two international river basins. The BiiRnsthe upper catchments of both the Genale Dawa (also
called Juba) and Wabe Shebelle River bakigsie 2.
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Figure 2. Location of the BERea with black dash lingsnd Bale Mountains National Park (BMNP),
delineation in red)n the Wabe Shebelle (striped) and Genale Dawa River Basinst(iped) in the
Horn of Africa.

Sourceoriginal GIS datarpduced 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 th Genale River Stiilasin (74% of BER) and Weyb-balsin (10% of BER),
which are both tributaries of the Genale Dawa River.

While the BER provides natural resources to an estimated 3.3 million peoptgitigide the BER, an

estimated 30million people live in the tworiver basins combined (Mohammed 201Bpwnstream
communities are critically dependent on water supply from these river systems. These communities
fAGS LI NIEEe Ay 9GKAZ2LALIQA {2YFfA wS3IA 2cdtedito2 OF G SR
the South East of the BERdure 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. Therisoshage
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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 sustainatdeelopment and to safeguard
critical natural resources, including water.

1.2 Demographics

Projections based on the latest census (CSA 20§ivean estimateof the human population in the
BERas3.3 million Out of this, a total of 1.6 million people lignn the 16 Woredas are expected to
benefit directly or indirectly from the projectose 0.4 million residing in fiv&/oredas in lowlands

have pastoralist or agrpastoralist livelihoods (CSA 2007). The BER has a largely rural population, and
a number omall townsThe 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 Ort{d8a3%) and Protestant (0.4%ptal

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 surveycéidiitsl) 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 Landuse and land cover

LandUseand land Gover (LULC) of the BER were classified after ground truthing and esalith
ENvionment for Visualizing Imagé&s) Software (ENVI)exe completed The following categories are
found in the BER, ranked from most dominant to least dominant:

1. Woodand (33% of total)in terms of density, the crown covers of the upper stratum covers
5-10 pecent 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 andrural settlements(27% of total)Area used for anmal crops, both raified
and irrigated, and dispersed rural settlemeritsremotely sensed imagethe separation of
dispersed settlements from the surrounding farm plots was very diffitilhce,they were
lumped together;
3. Shrubands(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
AYRADGARdIZ f &KNHzoa y28G (G2dzOKAy3 SIFOK 2GKSNW» |-
to the shrubvegetation whose closed cover reaches®Dpercent of the area it occupies.
ConverselytheWh LISY { KNHz0 Q A RSy (-20PpercBrilofthd dkisaida S& (2 6 KS
covered by shrub more than 0.5 m and less than 5 meters tall and also includes open
grasslad area dominargd by grasses with only a few widely scattered shrubs and trees;
4. Forestq14% of tota): Forest describes land where trees reach a minimum height of 5
meters at maturity anaonsiss of closed forest, with the tree crowns covering-80
percent of the areaExcluding Erica Forest
5. Gras$and (6% of total)Grassland class pertains to thiapt communities in which grasses
are dominant (over 90 percent), shrubs are rare and trees anestl absent;

2 This estimate constitutes the populations of Bale and West Arsi zones, as obtained from CSA 2007 census. As it dode tiue inclu
populations ofother regions and Oromiya zones dependent on the ecosystems services of BER, it is a conservative estimate
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6. Afro-alpine (1% of total) Area classified as being in the Afro Alpine zone, being predominantly
the Sanetti Plateau;

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

8. Water bodies(0.1% of total)Land covered bgpenwater bodiespredominantlylakes.

Based on data from 2014, the most dominant LULC categories are currently woodIlandadsand

rural settlements, scrublands, forests, and grasslafiiyue 3. When analysing temporal dynamics

of LULC between 2010 and 2014, the most notable chaimgeldLC were a reduction of the area of
grass land (59,032 ha, 20%), shrub land (46,026 ha, 6%) and forest (23,537 heg1é6).(This
reduction can largely be attributed to an increase in the area of cropland and rural settlements
(159,805 ha, 18%).

N

Legend

[ woreda Boundary

Afro Alpine

e

Farmlands & Rural Stelements

B Forest

Grasslands
I shwubiands
I ater Bogy

Woodlands

20
Kilometers

Figure 3. Dominant LULC classification in the BER in 2014.

Source: Farm Africa unpublished. The land use and land cover data was analysed by FarmaffftisengtLandsat
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 ruradettlements | 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%
EricaPlants 21,304 19,086 -2,218 -10%
Water Bodies 2,404 2,391 -13 -1%

Source: Farm Africa unpublished

Table lindicatesthat in the period 201014 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 yearsost thife ¢
other LULC categorie¥he observed reduction in area of water bodies is likelyeftect natural

variability in the area of wetlands/open water bodies.

1.4 Bale Moutains National Park and othempectedlands

The Bale Mountains National Park, which is one of the most important protected areas in Ethiopia
was established in 1970. Tipark covers an area of 2,150 kmhich accounts for roughly 6% of the
total area of BER (38,036 Rn{Figure 4. The park derives its uniqueness from the large number of
endemicplant and animal speciek isalsounigue due to the different vegetative landscapes that are
strongly determinedy altitude. In 2009, the park was nominatad aUNESCO World Heritagie
becauseits high wealth of biodiversity and the landscapee NS 3 NRS R

0SSl dzii e ¢

az2¥

SEOS LI A

The Ethiopia Wildlife and National History Society published a spedi@nedf its journal in 2011,

called WaliaSpecial 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, reource use and protected area management. Wthatedition lackss 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 UNE®G@{/whc.unesco.org/en/entativelists/5315/
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Figure 4. Locationof 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. Firalimgse
household survey carried out in 2015 showed that 45.7% and 47.5% of the households practice mixed
farming and agro pastoralism respectivelyable 3. 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% o#ll households), and a few households grow spices and coffee. The survey
showed thatnoneof 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 litebods in the BER.
Livelihoods Project Kebeles Control Kebeles
No. of % of total No. of % of total
Households Households
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 2.7% 13 6.0%
Tourism (tours & trails) 0.0% 2 0.9%
Coffee 3.6% 12 5.6%

Total 220 100.0% 216 100.0%

Source: Wenni Consult 2015

Theaverage annual cash income of households in the BER is 7,157 Ethiopian Birr (ETB) (863 USD)
The average cash income of househotdsighland, midland and lowlandspectively was ETB 10,004

(470 USD), 6,541 (307 USD) and 4,182 (196 USD) in the prgeatntion WoredasKigure 9. The
reasons for this altitudinal disparity cannot be explained without further research but speculatively
may reflect differencesni availability of rain and/or water, limiting the natural capacity (feed and
water availability) to keep livestock. Higher cash income in the highlands araltitidie zones are

likely due to higher incomes generated from mixed farm and livestock keepmguunities highland
compared to the predominant pastoralist livelihoods in the lowlands. Malaria being exclusively
prevalent in the lowlands (and some in nattitude) may also disproportionally affect productivity,
however the validity of this propositiohas not been researched as far as known.

14,000
12,000 o
(=]
I
10,000 o
8,000
u
N
6,000 e &
(1
4,000 © @
0
2,000 &
Highlands Mid-Altitude Lowlands Average
M Project Control
Figure 5. Household cash income by aggoological zone

Source: Wenni Consult 2015

1.6 Health and welbeing

Most health indicators are found at the regional level and unfortunately not at the zonal level. Data
presented hee are all averages for Oromia, taken from the most recent Demographic and Health
Survey (CSA 221

41 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 Ethiopiaz=nBosttal
mortality in Oromia is 32 per 1,000 live births compare@#ofor 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 EthiopiaUnder5 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 underwegigfithatedife
expectancy at births 62 years for males and 65 years for females. The burden of disease measured
in terms of premature death is estimated at 42,968ability adjusted life year®st per 100,000
people, which is the highest in sit8aharan Africa. Most common diseases in Ethiopianaataria
(absent in highlands)acute respiratory infections, diarrhea amtV/AIDSWHO 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 gography

2.1 Altitude and slope

The BER covers a wide range in altitude levels with over #j@@€rs difference between the lowest
(272 masl) and the highest (4,385 masl) polErr@r! Reference sourceat found.).

Knowing information about slopes is important as it is an important factor for calculating soil
erodibility and assessing erosivity of rainfallstllsoa major factor in characterizirgpitable types of

land use and is an important factor determinirgadl cover. The BER has slopes that range from flat
(8% of total area) to extremely steep slopes (3% of total argigufe §. The steepest slopes are
located mosty around all sides of the Sanetti Plateau.

Extremely steep (27 -

/ﬂ\ﬁl Bale Eco Region Map
{ Ethiopia
L(\/\,,/ Very Gently
Sloping (1-2%)
12%
16% )
Surface Slope 19% Gently Sloping (2 -
5%
@ riat(0-1) 2592

. Very gently sloping (1 -2)
O Gently sloping (2 - 5)
O Moderately sloping (5 - 9)
O Strongly sloping (9 - 16)
- Very steep (16 - 27)
. Extremely steep (27 - 90)

Moderately Sloping (
5-9%)
20%

Figure 6. Variation of surface slope in the BER. Source: SWALIM Project.
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2.2 Soils

The soil dataare presented below as geographical distributidrigure § 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 Units

rznosol QI Andosols
@ cscso @ Arenosols
@ cambisol @ cambisols
A0 Fwizo @D cremozems
@ Leptosots
A wiso @R oo

Nitisots QI Mitisols
A Regoscl @ vertscls
4 verisc
0 25 50 100 Km

Figure 7. Soil map of the BER.

Figure 8. Distribution of soil types in BER. Numbers in hectares.

Source: SWALIM Project.
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Leptosols are limited in depth by continuousrtl 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, orgaic 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 ahdvedeep cracks in the dry season as a result friahte swelling
and shrinkingTheirfine texture and poor internal drainage account for the often poor workability of
Vertisols, both in the wet and dry seasdfertisols areas lend themselvesltwge scale mechanized
farming than lowtechnology 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 thddizon. Nitisols are also very porous and
have a high moisture storage capacity and ar®ag the most productive soils of the humid tropics
They are alstess 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 havimgubstantial 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 exhibis wide range otemporal and spatiatlimate 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 kAduring the last glacial period, from approximatél;0,000 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 occurrencedobughts, 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 fdBER.
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2.3.1 Rainfall

Rainfall data derived from the Wabe Shebelle and Genale Dawad&disieated for BER show a range
from 1,142 to 637mm, with a mean rainfall of 923mRigure 9. Rainfallvaries with altitude ands
highly variableThe highestmeanannual rainfalis observed in thehigh altitude, vestern part of the
BER.

Figure 9. Distribution ofrainfall in the BER.

Source: SWALIM project.

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

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 daysHi§aee 10. In particular the

aldl A2y Ay D2ol 2yteé KFa RFGF FT@FAETFotS F2NJ 0K
characterized as presented in the below taplable 3.

Table 3. Information on weather stations and data in the BER, obtained from NMA dffRebe
town, Bale
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Source: NMA





















































































