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Livestock production system and productivity are increasingly constrained by
climatic variability, disparities in available production resources, and livestock
population challenging pastoral livelihoods. These burdens accelerate loss of
climate-resilient, and eco-friendly livestock diversities, and limit productivity
enhancing interventions. Therefore, this study was conducted to assess the
availability, and spatial distribution of livestock production resources, and to
evaluate land suitability for major livestock species in the pastoral districts of
Bale, and East Bale Zones of Ethiopia. Multi-stage sampling procedures were
followed to select target kebeles (mini administrative units) for data collections
on forage availability, water sources, veterinary services, and livestock market
infrastructure. Data were collected through focus group discussions, key
informant interviews, field observations, and GIS-based spatial analysis. The
study showed that resources for livestock production are limited, and unevenly
distributed, resulting in a substantial mismatch between livestock requirements,
and available resources, thereby constraining the productivity, and sustainability
of pastoral livelihoods. The estimated annual biomass yield (DM) from the
existing land use surpasses the annual feed requirement (DM) for livestock
body maintenance. Though surplus annual biomass, it is constrained by dense
unpalatable vegetation, rugged terrain, early forage drying, and seasonal
variability. Only 57.1% of animal health centers, and 41.0% of livestock
markets are functional, concentrated in nearby towns and mixed-farming
border, make the area undeserved. Suitability analysis revealed that only
small proportions of the landscape are highly suitable for cattle, sheep,
goats, and camels (3.4, 2.6, 1.4, 5.5%), respectively. The finding discloses a
significant gap between livestock needs, and resource availability. The study
emphasizes the urgency for focused forage and water development, increased
veterinary and market services, and better resource management. Further, it
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helps stakeholders, and policymakers to support resilient pastoral systems that
are subject to socioeconomic, and environmental stresses as well as sustainable

livestock production.
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Introduction

Pastoralism remains the dominant land-use system in
Ethiopia’s lowlands (PFE and DF, 2010; Mekuyie et al., 2018).
It is a way of life that sustains the livelihoods of 10-12 million
people and supporting nearly one-third to two-fifths of the
national livestock population (Belda, 2016). Moreover, the
system plays a vital role in national food security, income
generation, and resilience in arid and semi-arid environments
besides its socio-cultural importance (Belay et al., 2005; Tegegne
et al., 2013). However, despite its large scale of potentials and
strategic importance for vast agro-ecological backgrounds, the
contribution of pastoral livestock production to the country
economy remains relatively low (Asresie and Zemedu, 2015;
Gizaw et al., 2021). The low productive performances reflects a
persistent gap between the system’s biological and economic
potential, and its actual productivity, largely due to recurrent
drought, rangeland degradation, animal health constraints,
limited market access, and weak institutional, and policy
support (Behnke, 2010).

On the other hand, the demand for animal products is rising
quickly at both the regional and national levels due to
urbanization, population increase, and shifting consumer
patterns (Cecchi et al, 2010). This growing demand offers
pastoral systems a great chance to increase their contribution
to livelihoods and economic prosperity (Assefa and Mbugua,
2019). Therefore, realizing the system’s full potential, and
guaranteeing sustainable development of Ethiopia’s lowlands
requires increasing pastoral livestock productivity while
preserving the system’s climate resilience, and low-input
nature (Seré, 2020).

In Ethiopia, livestock sector productivity faces significant
challenges, including feed and water scarcity, disease, and poor
access to services and inputs (MoA, 2013; Entity, 2021). These
constraints ultimately result in poor productive performance,
leading to low yields, and relatively high production costs (FAO,
2019; Wieland et al., 2019; Hassan-Kadle et al., 2023). Failures in
addressing these problems demonstrate a crucial gap that
requires input suppliers and value chain participants to step
in and increase the efficiency of livestock production (Ibeagha-
Awemu et al., 2019; FAO, 2019). Even though the potential of
livestock resources in pastoral and agro-pastoral regions is widely
acknowledged, development interventions are being
implemented in a fragmented, inconsistent, and often limited
scale of adoption (Tucker et al., 2013). Therefore, most
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fail
targeting,

pastoralism  development interventions to achieve

sustained impact due to inadequate weak
integration of local production systems, limited infrastructure,
and insufficient consideration of spatial variability in resources
(Mugerwa et al., 2014). As a result, despite continual funding
efforts, pastoralists’ economic success and productivity remain
low and inconsistent throughout pastoral areas (Gudere
et al, 2022).

Similarly, despite long-term efforts by various actors, the
provision of adequate livestock production services in pastoral
areas including Bale and East Bale Zones remains challenging
due to limited resource availability, poor coverage, and restricted
accessibility. Thus, the area faces significant challenges due to
inadequate services, limited and unreliable data similar to other
areas in the region (MoA, 2013). Moreover, previously
conducted studies are incomplete, fragmented and lack
comprehensive coverage, which has limitations in guiding
effective and well-targeted interventions (Gizaw et al., 2020).
Consequently, GIS-based assessment and mapping of livestock
production resources can pinpoint high-potential regions as well
as substantial gaps within specific areas of the objective to address
this gap (Gebeyehu, 2019). This spatially informed approach
increases the efficacy of intervention planning, execution, and
allows targeted adoption of suitable technology for livestock
production in drought prone pastoral areas. Therefore, this
study was conducted to map livestock production resources,
and suitability with the goal of informing sustainable
interventions that take into account the complex dynamics of
rangelands while meeting the needs of pastoralists, and
stakeholders in order to address the gaps which helps better

resource management, and pastoral lifestyles.

Materials and methods
Study area description

The study was carried out in the lowland areas of Bale, and
East Bale Zones, encompassing nine pastoral districts: Delo-
mena, Madda-walabu, Harana-buluk, Gura-damole, Lege-hida,
Sewena, Rayitu, Dawe-kachen, and Dawe-serer (Figure 1).
Geographically, the study area is located between 520'58" N
t0 8°09'29" N latitude, and 39°12'37" E to 42°14'06" E longitude.
The elevation ranges from 300 to 1,500 m above sea level. The
landscape is predominantly covered by woodland, bush-land,
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FIGURE 1

Location map of the studied pastoral districts of Bale, and East Bale zones.

shrub-land, and grasslands. Pastoralism continues to be the
primary livelihoods and source of employment, food, and
money in these districts. In addition to being crucial for social
organization, risk management, and adaptation, livestock raising
is a major source of income and subsistence for households.

Socio-economic data collection

A cross-sectional, single-visit, multi-subject formal survey
approach, as described by Doran (1990), was used to gather data
on access to livestock production resources, including natural
pasture lands, water sources, veterinary services, and livestock
market access in the study districts. To support this, a
reconnaissance survey was carried out during 2023, and
consultations were held with the pastoral development offices
in the study zones to gather background information on livestock
production resources.

For this study, 18 potentiality and accessible kebeles were
purposefully chosen for data collection from the nine pastoral
districts included in the study. Prioritized study kebeles were
chosen, following a thorough discussion and consultation with
local elders, district and kebele experts, administrative bodies,
and a team of researchers to identify those with access roads to
reach them for data collection among all potentials considered
for the study. In regard to equal representation, two kebeles were
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considered at random from each district. In addition, pastoralists
owning at least one type of livestock species (cattle, camel, goat,
or sheep) were randomly selected for interviews. Data collection
involving human for interview, Focus Group Discussions (FGD),
and Key Informant Interview (KII) was done after oral consent
reached with the individuals. The FGDs of 8 members were
conducted in five districts, involving livestock experts, and
pastoralists while, KII of two individuals (development agent,
and pastoralist) in the target kebeles were carried out. Secondary
data were obtained from relevant sources. Data involving
humans (household interview, focus group discussions, and
key informant interviews) were conducted in line with ethical
guidelines for human ethics, and experiment (Madda Walabu
University Research and ethics committee, 2008) (ref. no
RPEED/012/2015). Moreover, before the execution of data
collection, researchers verbally obtain consent of the
participants’ agreement.

Annual biomass yield was estimated based on Landsat data
used for categorization of the study area land use land cover as
disturbed forest, shrub-land, bush-land, grassland, and farmland
obtained from the United States Geological Survey (USGS,"). The

optimal dry matter (DM) production from the study area’s land

1 http://earthexplorer.usgs.gov
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cover vegetation was estimated using conversion factors (CF) of
1.0,0.7, 0.5, 2.0, and 1.8 tons per hectare for disturbed forest land,
shrub-land, bush-land, grassland, and farmland, respectively
(FAO, 1987; Amsalu and Addisu, 2014). Also,
livestock feed requirement was estimated for the existing

annual

different livestock species converted to Tropical Livestock
Units (TLU; 250 kg = 1 TLU) by taking factors of 0.7, 0.1,
0.1, 1.0, and 0.5 for cattle, sheep, goat, camel, and donkey,
respectively. The dry matter (DM) intake per TLU for body
maintenance was estimated as 2.5% of the life body weight (i.e.
6.25 kg/day per TLU) (Jahnke, 1982; Gryseels, 1988; Yadessa
et al.,, 2016). Livestock water sources in the study districts was
ranked by calculating index values of weighted average (Musa
et al., 2006).

Coordinate (GPS) data collection and
mapping method

Coordinate (GPS) data gathering and mapping is utilized to
assess important livestock production resources, such as forage
availability, water supplies, veterinarian services, and market
access in order to create a thorough resource suitability map
(Ajibade et al., 2019). Satellite image with 30-m resolution were
used to identify land use, and land cover (LULC) types, a Landsat
8 Operational Land Imager (OLI). These cloud, and haze free
images were obtained free of charge from the United States
Geological Survey (USGS) via'), during the wet season to ensure
clear visibility. A supervised classification method using the
Maximum Likelihood Classifier (MLC) was
categorize the LULC classes from the imagery. To validate the

applied to

accuracy of these classifications, ground-truth were performed by
collecting geographic coordinates of various land features, and
resources using a handheld Global Positioning System (GPS)
device during fieldwork.

Field collected GPS data included exact locations of livestock
production resources, which used to generate resource maps.
These maps were rasterized, and used in spatial analysis for
identifying suitable areas for livestock production. The resource
suitability assessment followed a GIS-based Multi-Criteria
Decision Analysis (MCDA) approach, consisting of the three
main steps (Nigussie et al.,, 2019).

Each
resource-related factor (criterion) was reclassified into four
suitability classes; S1 (Highly Suitable), S2 (Moderately
Suitable), S3 (Marginally Suitable), and N (Not Suitable) with
corresponding values ranging from 1 to 4. This was performed

1. Standardization/reclassification of criteria maps:

using the Spatial Analyst Tool in a GIS to ensure comparability
across all factors.

2. Weight assignment using analytical hierarchy process (AHP):
The AHP was applied within IDRISI Selva 17 to determine the
relative importance, and weights of parameters used in livestock
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TABLE 1 Criteria weights of the pair-wise comparison matrix factors.

Serial number Factors Weight
1 Land use land cover (feed) 0.4321
2 Water sources 0.2987
3 Veterinary service 0.1794
4 Livestock market 0.0898
CR 0.03

production resource suitability analysis. To assess the relative
impact of each criterion, a pairwise comparison matrix was
created using the standard Saaty scale (1-9), and weights were
obtained by normalizing the comparison matrix’s primary
eigenvector (Wind and Saaty, 1980; Saaty, 2008), and experts’
judgement. Consistency ratio (CR) was used for judgement of
consistency, calculated as the ratio of the consistency index (CI)
to the random consistency index (RI), where CI = (\;,.x — n)/(n —
1), Amax is the principal eigenvalue, and n is the number of criteria
(Yalew et al., 2016).

The normalized principal eigenvector was obtained by
averaging the normalized relative weights of the criteria
(Equation 1). The resulting CR value of 0.03, which is
below the acceptable threshold of 0.01, indicates a high level
of consistency in the pairwise comparisons. The final weights
assigned to the criteria were land use/land cover (0.4321),
water sources (0.2987), veterinary services (0.1794), and
livestock market access (0.0898), reflecting their relative
importance in determining livestock production resource
suitability (Table 1).

S= iW;x X;

i=1

1

Where: S = suitability score, Wi = weight of the i** factor, Xi =
score of the i factor.

3. Weighted overlay, and suitability mapping: The weighted
factors, and standardized maps were overlaid using a weighted
overlay analysis technique. The suitability was modeled by
multiplying the weights, and scores of criteria, and sub-
criteria in the following MCE Equation 2:

S= iw,‘X Ci X ﬁr] (2)
i=1 j=1

Where: Ci = standardized score of the i criterion, rj = rating
of the j* sub-criterion, [] = product function of the MCE model.

Finally, based on the pairwise comparisons, the suitability
classes (S1, S2, S3, N) were ranked, and mapped using the
IDRISI-17 software (Bhushan and Rai, 2004; Rossiter, 2009;
Nigussie et al, 2019). This resulted in a comprehensive
livestock production resource suitability map, which can
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Methodology flow chart.

support strategic planning, and sustainable resource utilization in
the study districts (Figure 2).

Results

Livestock production resource
assessment

The distribution, and composition of livestock species vary
markedly across the study districts, reflecting differences in
rangeland conditions, production objectives, and livelihood
strategies (Figure 3). The study presents livestock population
size, and species diversity across the pastoral districts
highlighting notable inter-zonal, and intra-district variations
in herd composition. Cattle populations are higher in the
pastoral districts of Bale Zone than in East Bale, whereas
sheep dominate in East Bale, particularly in Rayitu, and
Dawe-Serer districts. In contrast, goat and camel populations
are relatively similar across both zones, although goats remain
the most dominant species in East Bale. Overall, the results
indicate that cattle and goats are the dominant livestock
followed by group
discussions and key informants confirmed a shift in rangeland

species, sheep and camels. Focus
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composition that has favored goats over cattle in most districts,
except Delo-Mena and Harena-Buluk, where cattle remain
dominant. Goats are increasingly preferred due to their
adaptability of rangeland conditions, including the decline of
grasses favored by cattle. The livestock system is primarily
pastoral, relying on seasonal mobility to access pasture and water.

Livestock feed resource availability
and balance

The availability and contribution of different feed resources
are critical for sustaining livestock productivity in pastoral
systems. Table 2 provides a comparative overview of major
feed resources across the land use types in the study districts,
including dry biomass yield and the corresponding livestock
maintenance requirements expressed in tropical livestock units
(TLU). The analysis highlights the relative importance of natural
pasture, browsing plants (shrubs and bushes), and tree foliage as
key components of the livestock diet in the pastoral areas. Key
informants indicated that livestock in the study areas rely on feed
from communal and private pastures, as well as traditionally
irrigated peaty croplands. Based on the land use land cover
observations and dry matter (DM) feed conversion factors,
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East Bale Zone

TABLE 2 Major livestock feed resource, estimated biomass yield (DM), and maintenance feed balance in the study area.

Major feed resources

Livestock feed requirement

Area  Cover CF DM(ton)/ No LVK CF Total DM(ton)/ Total
(Ha) (%) (DM) year number (TLU) TLU TLU/year DM(ton)/
TLU/year
1 Disturbed 129297 0.025 1 129297 1 Cattle 1333844 07 933690.8 2.28 2128815.0

forest

2 | Shrubland = 1589805 0.309 0.7 1112863.5 2 Goat 1607929 0.1 160792.9 2.28 366607.8
3 | Bushland = 1732924 0.337 0.5 866462 3 | Sheep 464317 0.1 46431.7 2.28 105864.3
4 Grassland = 1607551 0313 2 3215102 4 Camel 230231 1 230231 2.28 524926.7
5 | Farmland 78668 0.015 1.8 141602.4 5 | Equine 164361 05 82180.5 2.28 1873715
Total = 5138245 5465326.9 1453326.9 3313585.3

LULG, land use land cover; DM, dry matter; CF, conversion factor; LVK, livestock; TLU, tropical livestock unit.

the total available biomass estimated at approximately
5465326.9 tons per year. This total biomass substantially
exceeds the estimated annual livestock feed requirement of
3313585.3 tons (Table 2). Among the land use types,
shrubland, bushland, and grassland areas contribute the
largest share, providing 95.0% of total DM per year (Table 2).
On the other hand, the effective utilization of this apparent feed
surplus is severely limited by several constraints, including dense
bush encroachment that restricts access, steep and rugged terrain

Pastoralism: Research, Policy and Practice

that limits grazing mobility, tall vegetation in disturbed forests
that complicates foraging, and long distances to water sources
that reduce grazing efficiency. Seasonal variability and early
drying of vegetation further limit feed availability and quality
throughout the year. Among livestock, cattle represent the largest
number of TLU, demanding more feed accounting for 64.2% of
the total DM requirement, while camels and goats also contribute
substantially to overall feed needs. During critical feed scarcity in
the area, pastoralists practice livestock mobility, and destocking
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TABLE 3 Livestock drinking water sources (rank) and average distance traveled (km) by animals in the study area.

Type of water sources

Bale Zone districts

East Bale Zone districts

Index Rank Index Rank
River 0.344 2 0.378 1
Pond 0.280 3 0.253 3
Borehole/Elaa 0.363 1 0.273 2
Tap-water 0.000 5 0.000 5
Spring/ground 0.014 4 0.016 4

Percent (%)

Distance travelled

Percent (%)

to purchase of fodder for the rest of their animals to combat
the situation.

Livestock watering points

Access to water is a critical determinant of livestock
productivity and mobility in pastoral systems. The ranking of
water sources based on their usage and availability for livestock,
including rivers and boreholes (Eelaa) is summarized in Table 3.
Results showed that Boreholes, and rivers are the major sources
of water for livestock in the area. In Bale Zone, boreholes were the
most important water source (rank index 0.36), followed closely
by rivers (0.34), whereas in East Bale Zone, rivers ranked highest
(0.38), with boreholes second (0.27) (Table 3). Ponds were the
third most used source in both zones, while tap water and
springs/groundwater rarely utilized, showing negligible rank
indices. During the dry season, livestock often travel long
distances to access these water points, underlining the
challenges of water availability in the study areas. Over 50%
of the water sources in both zones are situated at over 6 km from
grazing areas. Consequently, 33.8% of livestock in Bale and 42.4%
in East Bale travel 6-10 km to access water, while 28.5% in Bale
and 30.2% in East Bale cover distances exceeding 10 km. Only
0.8% of livestock in Bale and none in East Bale access water
within 1 km of grazing sites, stressing poor integration of water
sources and limited dry-season grazing support.

Livestock disease prevalence

Livestock wellbeing is a determining factor for productivity
in pastoral systems, with disease prevalence directly affecting
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herd performance and livelihoods. Prevalence of diseases based
on records from pastoral offices and veterinary service centers are
summarized in Table 4. Data from pastoral offices and veterinary
service centers indicate that cattle are the most affected species,
followed by sheep and goats, while camels experience relatively
fewer disease types, likely due to their greater physiological
resistance. Nevertheless, certain diseases such as pasteurellosis,
brucellosis, mastitis, rabies, and parasitic infections are common
across species, reflecting shared environmental and management
risk factors.

Livestock market access

Market access for livestock is a critical factor in determining
net returns from production output, and livelihood of the
pastoral communities. Table 5 summarizes livestock market
access in the study area. Livestock marketing is largely
dominated by informal bush markets, reflecting limited access
to structured market systems. As a result, the East Bale Zone has
120 bush markets, 87 primary markets, and just two secondary
markets, whereas the Bale Zone has 57 bush markets, 34 primary
markets, and 0 secondary markets (Table 5). This significant
reliance on bush markets indicates a lack of access to a regulated
and organized livestock market system in the study districts.

Secondary markets which are crucial for the livestock market
to grow beyond the local level are essentially nonexistent except
two secondary markets in the East Bale Zone. This shows a
critical gap in market infrastructure that hinders economic
progression in livestock system. Moreover, many markets are
situated over 15 km from livestock production areas (Table 5).
These indicated that herders have limited nearby access to formal
market infrastructure.
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TABLE 4 Common livestock diseases prevalent among species in the study area.

Livestock species Major diseases

Cattle

Contagious Bovine Pleuro Pneumonia (CBPP), Blackleg (Abagorba), Foot and Mouth disease (FMD), Anthrax (Abasanga), Lumpy skin
disease (LSD), rabies, pasteurellosis, brucellosis, mastitis, Dermatophylosis, and Parasites

Sheep and goat
and Parasites

Contagious Caprine Pleuro Pneumonia (CCPP), Foot and Mouth disease (FMD) (Masa), Dermatophylosis, pasteurellosis, brucellosis,

Camel

TABLE 5 Major livestock markets in the study area.

Study area Market types
Primary Secondary

Bale zone 57 34 0
East Bale zone 120 87 2
Total 177 121 2
Market distance (km)

<5 6-15 16-25 >25
Bale 33 8 35 15
East Bale 71 15 84 39
Total 104 23 119 54

Spatial distribution of livestock
production resources

The spatial distribution of livestock production in the
pastoral system is closely linked to land cover, and feed
resources mainly form natural pasture. Coordinate (GPS) data
gathering and mapping of 2024 shows that land use land cover of
the study area for forage were: disturbed forest (2.52), shrubland
(30.94), bush land (33.73), grassland (31.29), and farmland (1.53)
percent coverage (Table 2). Overall, the indicated study area
coverage was used for livestock distribution and feed resources
availability. It was observed that shrub-land, bush-land, and
grassland are the major land covers, whereas disturbed forest,
and farmland cover are very low (Table 2; Figure 4). According to
the KI perception, and FGD discussants, previously economical,
and ecologically viable rangeland areas are becoming
deteriorated. These days’ bush encroachments become the
caustic factors for rangeland degradation, and overgrazing of
the limited areas.

The analysis of water points, and their suitability for livestock
drinking revealed a critical constraint to pastoral production
system (Table 6). A total of 441 livestock water points (ponds,
boreholes, springs, tap-water) were identified across the nine
study districts. Of these, only 84 water points (19.05%) are
functional, while the remaining 357 (80.95%) are non-

functional. The high rate of non-functionality is primarily
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attributed to frequent, and prolonged droughts, as reported by
KI, and FGD. Accordingly, relatively better access to water points
observed in few districts: Gura-damole (82 total), Sewena (58),
Rayitu (63), and Delo-mena (63), having short distances to access
water while the remaining districts’ livestock travel more
distances to reach water sources, and this reduce productivity.

Since, easy access to water sources reduce the energy needed
for long-distance travel, areas near perennial rivers are highly to
moderately suited for raising cattle, sheep, goats, and camels.
However, 40.9% for camels, 75.8% for sheep and goats, and
50.3% for cattle are not appropriate (Figure 5). Poor water
quality, greater distance to water sources, poor water
infrastructure upkeep, and the drying up of natural pasture as
a result of drought are all possible contributing factors to the
restricted appropriateness. The irregular spatial distribution of
water stations in Figure 5 fails to align with the requirements for
cattle distribution. On the other hand, large grazing areas are still
undeserved, and functional water sites are grouped together,
causing livestock concentration and overuse of rangeland.

The spatial distribution of veterinary service shows
considerable disparities in accessibility, and coverage
(Figure 6). Districts with better access such as Rayitu, and
Laga-hida from East Bale, and Madda-Walabu from Bale zone
are the best-served districts, with 17-19 veterinary posts each.
The relatively close distance of veterinary posts in these districts
enhance ease of access for the livestock keepers, improving
responsiveness during outbreaks, and reducing delays in
treatment. Whereas limited access districts such as Gura-
damole, Dawe-serer, and Dawe-kachen show sparser
distribution, with only 5 to 12 veterinary posts, and greater
distances. These conditions significantly limit the suitability of
the veterinary services in those areas, potentially leading to delays
in treatment, increased livestock morbidity, and mortality, and
poor disease control. Study areas that are close to veterinary posts
were highly, and moderately suitable for cattle, sheep, goat, and
camel productivity as it minimizes loss of energy in traveling long
distances (Figure 6 right).

The spatial distribution of livestock markets across the
pastoralists’  district
development, and distribution. A total of 123 formal livestock
markets (including both primary, and secondary) exist across the
study area (Table 5). However, their distribution is highly

unbalanced across the districts, as illustrated (Figure 7). As to

shows notably unevenness in
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FIGURE 4

Map of land use and feed resources [(A) = camel, (B) = goat, (C) = cattle, (D) = sheep] in the study area.

TABLE 6 Livestock water sources (ponds, boreholes, springs, Tap-water) distribution, and their status in the study area.

Status Study districts

Gura Harena Delo Dawe Lege Sewena Rayitu

damole buluk mena kachen hida
Fun 8 10 17 12 9 4 2 12 10 84 19.05
NFun 74 30 17 51 24 29 33 46 53 357 80.95
Total 82 40 34 63 33 33 35 58 63 441 100

Fun = functional; NFun, not functional.

district wise distribution, Gura-damole, Harena-buluk, Madda-
Walabu, and Delo-mena are relatively well-served, each having
6 to 8 formal primary livestock markets. In contrast, Dawe-
kachen has only one formal market, while Dawe-serer has no
formal livestock market at all. This uneven distribution indicates
lack of coordinated infrastructure planning, which negatively
affects market access, and efficiency. Areas with more markets
(e.g., Madda-Walabu, and Harena-buluk) are better positioned
to support livestock performance, and timely marketing of
animals. Districts with limited or no markets face barriers to
livestock trade, due to increased travel distance to access markets,
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higher transportation costs, and market congestion in better-
served districts.

Livestock production suitability analysis

Spatial distribution and suitability of land use/land cover
(LULC), animal health centers (AHC), water points (WP),
and marketplaces (MP) for the four major livestock species;
cattle, sheep, goats, and camels across the studied pastoral
districts are presented in Table 7. The findings identify the
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Spatial distribution of water points, functional water points, and different livestock species water suitability [(A) = sheep, (B) = camel, (C) = goat,

(D) = cattle] in the study area.
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Spatial distribution of total animal health centers (veterinary posts), and functional animal health centers (left), and veterinary posts suitability

(right) in the study area.

most suitable areas for each livestock type, based on how well
different factors support livestock production in the

area (Figure 7).
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In the study area cattle production practices in terms of
LULC; shrub/bushland (34.29%), and grassland (32.16%) were
dominate spatially and more suitable. Animal health centers:
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Spatial Distribution of all market areas, and functional markets (left), and market areas suitability (right) in the study area.

TABLE 7 Livestock production resource availability evaluation factors, and their suitability classes in relation to livestock categories in the study area.

Livestock category Weighted factors
Suitability classes LULC (Km?) AHC (Km?») % WP (Km?)

Cattle GL 16222.4 322 | 34583 69 | 7359.1 146 107357 213
SBL 17294.1 343 6952.67 138 10383.0 206 | 3,024.4 6.0
FL 14408.7 286 | 681112 135 73161 145 | 2,939.4 5.8
DF 2,513.2 50 332161 659 | 253802 503 3373838 66.9

Sheep GL 16222.4 322 | 34583 69 | 43398 86 | 42131 8.4
SBL 17294.1 343 4,047.9 80 30194 60 | 65226 12.9
FL 14408.7 286 | 29048 58 | 4,869.7 97 | 30244 6.0
DF 2,513.2 50 400273 794 38209.6 758 366783 727

Goat GL 1,065.3 21 34583 69 | 43398 86 | 42131 8.4
SBL 32451.1 644 4,047.9 80 30194 60 | 65226 129
FL 14408.7 286 | 29048 58 | 4,869.7 97 | 30244 6.0
DF 25132 50 400273 793 38209.6 758 366783 727

Camel GL 1,065.4 21 34583 69 122288 242 | 13760.1 273
SBL 32451.1 643 | 69527 138 128294 254 2,939.4 5.8
FL 14408.8 286 68112 135 | 48086 95 28475 5.7
DF 2,513.2 50 | 332161 659 | 205716 40.8 | 308913 612

LULC, land use land cover; AHC, animal health centers; WP, water points; MP, market places; GL, grassland; SBL, shrub and bush land; FL, farm land; DF, disturbed forest.
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highest in disturbed forest (65.85%) indicating that services are
concentrated there, despite the area being less ideal for grazing.
Water point accessibility: disturbed forest (50.32%), and Shrub/
bushland (20.59%) are with good water availability in these areas.
Market access: again, disturbed forest leads (66.89%) suggesting
primary market access is more reliable in this area. While
grassland and shrub/bushland are ecologically suitable for
cattle and sheep grazing, supporting infrastructures like
AHCs, water, and markets are concentrated in disturbed
forest areas, which limit productivity in ideal grazing areas.

For sheep production practices, most suitable areas where
shrub/bushland  (34.3%), and grassland (32.2%); AHC:
dominated by disturbed forest area (79.4%); Water access:
disturbed forest (75.8%), and market access also disturbed
forest area (72.7%). Similar to cattle, disturbed forest areas
provide better services, but shrubs, and grasslands are more
ecologically favorable. This implies, sheep production is limited
by poor alignment between ecological zones, and infrastructure
access in the study districts.

Goat production, most suitable LULC: Shrub/bushland
(64.3%) indicating goats are highly adapted to bushy, arid
environments. Whereas, AHC: disturbed forest (79.4%); Water
Access: disturbed forest (75.8%); and market access: disturbed
forest (72.7%). Goats show high ecological suitability in
shrublands, but services are lacking in these areas with a clear
mismatch between suitability, and infrastructure availability.

For camel production most suitable LULC: shrub/bush-land
(64.3%); water access: shrub/bush-land (25.4%) and grassland
(24.3%) is relatively better compared to other livestock types. On
the other hand, market access: grassland (27.3%), and AHC: still
dominated by disturbed forest (65.9%) areas. Therefore, camels
are best suited for shrub/bush-land areas, which align better with
their natural habitat. Unlike other livestock species, camel-
suitable areas have relatively better water, and market access,
though health services are still concentrated in disturbed
forest zones.

Discussions

Livestock production resources and
suitability analysis

Livestock production resource assessment revealed uneven
distribution and limited accessibility of key resources across the
pastoral districts (Teka et al., 2022). These showed that efforts to
increase livestock production in these areas have been
insufficient at the moment. In a comparable way, evidence
indicates that challenges including inadequate services, poor
forage production, and restricted access to water seriously
impair livestock output; resolving these problems is essential
to enhancing pastoral livelihoods (Tahir et al., 2018; Pathot,
2020). Based on this study, there are notable differences in the
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distribution of livestock throughout the districts, which are
mostly determined by vegetation type and availability water.
This was clearly shown that goats now exceed cattle in most
places as a result of changes in the vegetation that favor browse
feeding. This pattern is consistent with Yosef et al. (2013)’s
report, which shows a decline in cattle and an increase in
camels in pastoral areas. When combined with current study
report, there is a dynamic change in the dominance of livestock
species throughout the study areas. While cattle historically led,
goats become more dominant in most districts due to ecological
changes, and adaptation strategies.

The spatial distribution of livestock production in Bale, and
East Bale zones pastoral areas is significantly constrained by the
decline of natural forage due to poor access to feed resources,
despite better biomass yields. Similarly, Abate and Angassa
(2016), and Tolera and Senbeta (2020) reported that the
decline in viable vegetation, and insufficient feed intake result
in reduced animal performance which affects pastoralists’
livelihood (Shapiro et al, 2017). Bushland, and disturbed
forest areas contribute the major biomass, supplying 89.6%
tons of DM annually. However, its effective utilization is
hampered by multiple physical, and environmental barriers
which might include dense bush encroachment, difficult
terrain, steep slopes, tall vegetation, seasonal variability, and
early vegetation drying (Figure 4). These factors restrict
livestock access to feed, underlining urgent strategic feed
resource management, and land-use planning to improve
access to feed. The change in vegetation type and cover of the
rangeland leads to shifting towards species that can survive in
marginal rangelands, such as goats and camels (Yosef et al.,
2013). Whereas, cattle and sheep production are likely to face
feed
development, and land use planning introduced in the area.

more challenges unless rangeland rehabilitation,
Thus, interventions such as feed conservation, bush clearing, and
improving water access could help convert the surplus into actual
feed use to improve livestock productivity.

Livestock in the study area rely on various sources of
water, remarkably vary in preference, and accessibility
between dry, and wet seasons. Borehole (Eelaa), and
perennial rivers are potential sources of livestock water
and other sources.

compared to pond,

challenges were, poor integration of existing water sources

The major

and dry-season grazing orbits, and water development
interventions not aligned with seasonal livestock mobility
patterns. Such mismatches contribute to a significant water
scarcity during the dry season when alternative sources are
limited (Amede et al., 2009). In addition, low functionality of
water points during drought season in the area were major
bottleneck of livestock productivity since water stress lowers
animal body condition, milk yield, and increase mortality
(Duguma et al., 2011). Likewise, long-distance travel to water
points negatively impacts: grazing time, energy balance, and
herd management efficiency.
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Blocksome and Powell (2007), Gavili et al. (2011), and Terfa
and Suryabhagavan (2015) reported that water access suitability
for cattle, sheep and goat, and camel classified as <8km, <5km,
and <10 km distance, respectively, were highly suitable.
Accordingly, the study highlights a severe shortage of reliable
water sources for livestock in the study districts suggesting
immediate interventions to rehabilitate, and maintain existing
water points, develop climate-resilient water infrastructure, and
improve spatial planning to ensure equitable distribution of water
sources across the districts (Bedelian et al., 2022). Because, these
improvements are critical for enhancing livestock productivity,
pastoralist resilience, and sustainable resource use. The study also
informs need for the integration of water sources with forage
availability, and livestock mobility routes. Therefore, prioritizing
development of boreholes, and river-based water points, while
minimizing the distance to grazing area is essential for livestock
productivity, and pastoralist resilience.

The study districts are located in a warm, semi-arid climate of
the East African lowlands (FAO, 2019), that prone to different
livestock diseases. Despite high prevalence of diseases in the area,
veterinary services are severely limited (Figure 6). As to the
national context, only 30% of livestock keepers in Ethiopia have
access to veterinary services (CSA, 2016), indicating that the
observed spatial disparities are part of a wider systemic issue.
This deficit might be appears from poor infrastructure, lack of
trained personnel, essential inputs like drugs, and inadequate
access. Similarly, Gizaw et al. (2021), and Hassan-Kadle et al.
(2023) confirmed that the overall delivery of veterinary services,
and effective livestock health remains a major challenge for
pastoralists.

In the study zones, the uneven distribution of veterinary
service favoring few districts while leaving others underserved
which underlines the need for targeted intervention to expand
service coverage to reduce high mortality rate of the livestock. In
such situations; disease surveillance, veterinary public health, and
other functions are important in the area since livestock diseases
have impacts on livestock loss, farm products, market
opportunity, human health, and cause impairment of welfare
(Ministry of Agriculture and Rural Development, 2008; Jilo et al.,
2016; Hassan-Kadle et al., 2023). In the area, such situations lead
to reactive mobile vaccination efforts during outbreaks than
proactive disease management. Overall, the prevalence of
livestock disease underscores the need for species-specific
health management strategies, and integrated control
programs to reduce the challenges. Thus, strategic planning,
and infrastructure development are urgently needed to ensure
equitable access to improved animal health, livestock
productivity, and pastoralist livelihoods.

Livestock, and their product marketing in the study districts
face significant challenges where market access in the zones’
pastoral districts characterized by bush markets, lack of market
infrastructure, and access to formal markets. These challenges

hinder livestock commercialization opportunities for pastoralists
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in the area. In line with the present finding, Ng’ang’a et al. (2022),
reported that livestock marketing practiced through informal
channels (farm gates, roadside, village markets, and auctions) in
Africa. Similarly, insights from FGDs, and KIs reinforce that
livestock marketing in the districts is perceived as very weak, and
communities face difficulties in getting fair prices, and consistent
demand. Moreover, the participants underscore that being
market places far from production site, herders compelled to
sell at the lower prices less bargaining power (Abebe et al., 2025).
Furthermore, limited awareness, and traditional beliefs of life
animal accumulation hinder market activities (Asegede et al.,
2015). Likewise, the distribution of markets does not correspond
proportionally with the livestock population across the districts
(Figure 3), signifying the misalignment of market access. This
implies the need to improve spatial equity in market
infrastructure through new market expansion in underserved
districts (Dawe-kachen, and Dawe-serer), upgrading existing
market facilities, enhancing road connectivity to market areas,
and developing seasonal markets along the pastoral corridors
(Abebe et al., 2025). The current spatial arrangement of livestock
markets in the study districts hamper the efficiency of the
livestock marketing system. Addressing this imbalance is
essential for improving pastoralist livelihoods, stimulating the
local economy, and enhancing resilience in recurrent droughts,
and other stressors.

As to the overall, livestock suitability concerns, there is a
geographical mismatch of ecological suitability (grasslands and
shrublands), and service infrastructures mostly in the forest
areas. This study discloses insufficient production resource
(forage, water, veterinary service, and market) availability
significantly impairs livestock productivity, and pastoralist
livelihoods in the area. Concurrently, Amiri (2009), and Negassa
et al. (2011) reported that these factors influence livestock
production in pastoral systems. Shrub/bushlands are more ideal
LULC for goats, and camels, while grasslands better suit for cattle,
and sheep. To optimize livestock productivity, development efforts
should focus on: improving infrastructure (veterinary centers, water
points, market places) in the pastoral system (Lutta et al., 2021).
Thus, implementing land-use policies that prioritize pastoral areas
livestock resource mapping is crucial to guide decision-making and
policy support (Wasonga et al, 2020; Gudere et al, 2022)
particularly that aligned with potential grazing areas. Despite the
presence of livestock resources, the marginal suitability for livestock
production highlights the need to address resource distribution
challenges. Therefore, productivity is often compromised, and the
suitability map indicates varying suitability levels for different
livestock species in the study districts.

Limitation of the study

While this study has several strengths, it also has important
limitations that should be acknowledged. Among the nine
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districts in Bale, and East Bale Zones, only 18 kebeles were
purposively selected based on their accessibility, stability, and the
availability of roads for data collection. As a result, remote and
the
representativeness of the data and the generalizability of the

insecure areas were excluded, which may limit
findings to the wider pastoral population. Furthermore, the
exclusion of less accessible kebeles may have overlooked
variations related to seasonal feed availability, livestock
mobility the of

infrastructure (such as veterinary services, and markets), and

(inflow and outflow), functionality
the socio-cultural and economic dimensions of pastoral
livelihoods. These factors are critical in shaping pastoral
systems and mobility patterns. Therefore, future studies are
recommended to include a wider range of pastoral districts,
and kebeles to better capture these dynamics, and improve the

strength and applicability of the findings in pastoral contexts.

Conclusion

This study assessed livestock production resources in
pastoral districts, revealing significant challenges in the
area. Despite large livestock population, pastoralists face
limited access to resources which impacted livestock
productivity. Uneven distribution of resources, and
essential services, including pasture, water, veterinary
services, and market exacerbate livestock productivity, and
benefits gained from the system. The relative abundance of
livestock production resources in the adjacent mixed farming
districts highlights the need for interventions to address the
disparities in the pastoral area. This work underscores the
importance of strategic planning to improve resource access,
and ensure the long-term viability of livestock production. It
also disclosed that study districts are marginally suitable for
livestock production due to the unequal distribution of
essential resources (feed, water, veterinary services, and
multi-sectoral

markets). To address these huge gap,

approach  for resource rehabilitation, and evenly
distribution of infrastructures are imperative to support

sustainable livestock production.
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