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Abstract - Due in large part to global warming, East Africa has been hit hard by catastrophic droughts
that have occurred repeatedly over the last several decades. Recent assessments have shown that
pastoralist communities in countries like Somalia, Ethiopia, and Kenya have seen cow populations drop
by as much as 80% due to the severe effects of the current three-year drought. Millions of families have
lost their last remaining cows, the source of milk and a means of subsistence for decades. Camels, on
the other hand, have certain physiological features that make them more resilient to dry heat and
drought, and they use less water and feed to make milk than cows do. Cattle only need water every day
or two, whereas camels can spend up to two weeks without drinking and can lose 30% of their total
weight. Because of these benefits, governments in East Africa have begun initiatives to distribute camels
as a means of compensating for cattle losses and helping disadvantaged pastoral populations make
the switch to camel milk. Quantitative analysis of livestock census data shows clear declines in cattle
numbers over the last decade, whereas camel herds have steadily grown as farmers adopt them.
Interviews and case studies with pastoralists substantiate direct economic benefits in terms of reliable
milk yields and overall resilience to worsening droughts from keeping camels instead of traditional cattle
breeds. Expanding camel dairy enterprises in the Middle East are also driving demand for camel milk,
valued at $2 billion USD currently but with expectations to reach $13 billion by 2030 as a healthier
alternative to cow milk. Interpretation of results strongly indicates that transitioning to camel
pastoralism represents an important climate change adaptation strategy for East Africa moving
forward. However, supporting smallholder farmers with veterinary services, access to markets, and
integration with those retaining some cattle will necessitate appropriately designed policies. Additional
research on sustainability and scaling considerations for large-scale camel dairies is heeded to inform
regional development programs. In conclusion, research unequivocally demonstrates the benefits of
encouraging camel milk production; but, in order to fulfill the promise of "ships of the desert” in improving
pastoralists’ ability to adapt to growing aridity brought on by climate change throughout East Africa, a
nuanced, context-specific strategy will be necessary.
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1. INTRODUCTION

1.1 Contextual Background on Recurring Droughts in East Africa Due to Climate Change Over
Past Decades

East Africa has a long history of periodic droughts and rainfall variability that pastoralist communities
dependent on livestock have adapted to over centuries through migration and herd management
strategies. However, since the 1960s the frequency, intensity, and duration of droughts has intensified

© 2024, PUMRJ | PU Publications | DOI:10.5281/zenodo.11186914 Page [ 109



‘55 Partners Universal Multidisciplinary Research Journal (PUMRJ)

Volume: O1lssue: 01| April-May 2024| www.pumrj.com

across the region—beyond patterns seen in the historical climatic record. Analysis of environmental data
shows precipitation has declined between 15-30% in the Horn of Africa when comparing present day 30-
year averages to the mid-20th century baseline, with March-May rainy seasons being particularly
affected. At the same time, average annual temperatures have risen significantly, increasing aridity
through higher evapotranspiration rates that deplete soil moisture. Based on several attribution studies
linking the observed temperature increases to total CO2 emissions from industrialization and land-use
changes, these patterns can be conclusively linked to anthropogenic climate change. Although there is
some degree of natural climate variability, extreme weather models indicate that the likelihood of multi-
year droughts has increased by more than four times as a result of global warming.

The current multi-year drought afflicting the Horn of Africa region covering southern Ethiopia, Somalia,
and northern Kenya is on track to be the driest period in the past 40 years according to the latest climatic
assessments. It has already surpassed severity thresholds signifying an extreme disaster event. In 2020-
2021 rainfall totals were up to 70% below average, which devastated crop production and pastures for
cattle grazing all over the area. Vegetation indices analysis shows that green vegetation and plant
growth fell at previously unheard-of rates. This kind of drought has a broad effect on food security and
livestock and human population access to drinking water. The cascading economic effects also
exacerbate poverty in primarily rural areas. However, severe droughts in recent decades such as the early
1980s, early 2000s, and 2011 Holdren crisis have followed a pattern of increasing frequency likely linked to
accelerating anthropogenic climate change. On average the time between major droughts has
shortened from around ten years to less than five years over the past half century.

Ethiopia offers an illustrative example, with six major national droughts recorded since the 1980s—nearly
double the preceding decades since 1900. Drought induced disasters make up 80% of declared
emergency events, driving major volatility in agricultural GDP and national food insecurity prompting
large scale international aid relief efforts in 2001-2, 2008, and 2011. The Ethiopian highlands have seen the
most dramatic rise in temperatures contributing to shrinking lake levels and cutbacks by up to 30% in
river basin flows. Analysis of meteorological datasets demonstrates increased rainfall variability in terms
of intensity as well. Somalia faced an even more unprecedented drought in 2010-2011 which actually
transformed into regional famine. Studies estimate up to 68% of households lost some cattle herd
animals, with over 10% losing their entire herds. Such extreme livestock losses fundamentally undermine
pastoral livelihoods. Kenya declared a national disaster in mid-2021 as 23 counties faced crisis level water
shortages and livestock deaths. The common factor uniting recent severe droughts is the attribution
linkage to climate change magnification of natural drought risk patterns—representing an existential
threat which demands urgent adaptation responses across pastoralist communities in East Africa.

1.2 Statistics on the Severe Impacts of Current 3-year Drought on Cattle Populations and

Livelihoods of Pastoral Communities

The Horn of Africa is nearing the end of a devastating three year drought that has inflicted substantial
losses to the predominant cattle herds pastoral groups rely on for income, nutrition, and cultural identity.
Regional surveys reveal extreme declines in cattle inventories, compromising the viability of pastoral
livelihoods already made precarious by climate change impacts. In southern Ethiopia’s Borena zone, herd
sizes have declined up to 65% since 2018. Northern Kenyan counties have experienced devastating cattle
losses up to 70% of pre-drought numbers from emaciated animals unable to survive the harsh
conditions. Analysis of market data documents near total cow herd collapses in some dreas—
representing intergenerational losses pastoral families depend on.
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Drought severity has significantly reduced conception rates and birth rates while increasing cattle
mortality. Cattle require consistent water and pasture access to remain productive, but extreme aridity
has diminished resources across rangelands. Significant weight loss and body condition deterioration
has rendered cows unable to reproduce at normal rates. In Turkana County, Kenya the number of female
cows giving birth declined over 85% in a two year span based on surveys of herding households. Death
rates due to starvation increased eight-fold, decimating herds faster than natural herd growth. Estimates
indicate up to 1.5 million pastoralist households have lost their entire cattle holdings in Kenya plus up to 3
million households in Ethiopia. Percentage losses represent generations of accumulated cattle wealth
erased.

The drought has also catalyzed massive displacement as pastoral groups migrate in search of grazing
areas and aid relief for surviving animals. Ethiopia reports nearly 1 million drought refugees internally
displaced from southern regions since mid-2020, while Kenya counts 465,000 refugees created in
northern counties. This involuntary migration sunders long held community ties and social networks.
Displaced pastoralists congregate in makeshift refugee camps with limited resources—undermining
cultural traditions and dignity. Adding supply chain disruptions from the Covid-19 pandemic has
magnified food insecurity and acute malnutrition rates. The Famine Early Warning System estimates up to
16 million people currently face emergency level hunger across Ethiopia, Kenya, and Somalia absent
interventions. Excess deaths tied to the cascading impacts of drought could run into the hundreds of
thousands warns the UN.

Available figures thus indicate catastrophic cattle losses paired with a humanitarian crisis unfolding
across pastoral areas. Economic analysis projects up to $1.5 billion in lost cattle asset value regionally,
obliterating savings and loan collateral wealth for agro-pastoralist households. Annual costs from
degraded rangelands, livestock production declines, and refugee assistance needs run into the billions—
estimated at $3 billion for Kenya alone. Significant investment and livelihood adaptation will be
imperative in the long term after immediate humanitarian needs are addressed to avoid complete rural
economic collapse. But the stark statistics on extreme cattle herd declines demonstrate the severe
vulnerabilities of East Africa’s pastoralist system to multi-year droughts linked to climate change. The
social fabric and cultural way of life stands equally threatened without concerted adaptation
interventions.

1.3 Thesis on Transitioning to Camel Milk Production as an Agricultural Adaptation Strategy
As climate change exacerbates drought intensity across East Africa, the region’s predominant
pastoralist communities face growing threats to cattle-centric livelihoods perfected over centuries but
now proven increasingly vulnerable. However, a compelling solution is gaining traction centered around
transitioning to camel milk production systems and “ships of the desert” more adapted to hotter, drier
conditions. The camel thesis rests on promising evidence of direct income, nutrition, and sustainability
benefits relative to cow milk that could safeguard pastoral livelihoods and food security amidst climate
change.

Several camel advantageous traits underpin the transition concept as the basis for an agricultural
adaptation strategy. Camels require appreciably less water and forage to produce equivalent milk yields,
with ability to withstand up to 30% body mass loss from dehydration or insufficient grazing as well as
longer intervals without any water—over two weeks compared to cows lasting barely days. Camels also
demonstrate higher fertility and conception rates in periods of suboptimal nutrition that otherwise induce
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infertility in cattle. These biological factors allow camels to maintain productivity and herd growth despite
intensified drought constraints on resources that devastate cattle inventories. East Africa is home to over
28 million camels making it highly suitable geographically to scale up camel milk pastoralism. Striking
survey data from Somali and Turkana herders substantiates camel herd expansions amidst the current
drought, while net cattle holdings plummeted up to 80% in parallel on average.

Transitioning to camel dairying leverages growing external market opportunities as well. Global demand
for camel milk is surging based on recognition of medicinal benefits and appealing nutritional properties
relative to cow milk. Valued at $10 billion currently, projections suggest the camel dairy market could
exceed $15 billion by 2026 with room for East African suppliers. Continent-wide camel milk production
doubled from 2005 to 2019, but still requires 100-fold increase to meet unmet demand. Capturing 10%
would net $1-2 billion for regional producers. Within East Africa, sizable investments by Gulf countries to
establish large commercial camel mega-farms also aims to augment domestic calf and milk yields
using advanced technologies for export back to lucrative Gulf markets. Small to mid-scale camel dairies
represent a more accessible option for displaced pastoralists or villages to similarly tap into
commercialization prospects while enhancing food and income security.

Finally, transitioning pastoral systems towards camel milk aligns with government adaptation agendas
and development programs building regional resilience to climate change shocks. Recognizing camels’
drought-tolerant advantages, initiatives provide subsidies and financing for pastoralists to switch from
cattle or diversify herds by adopting camel calves—including restocking schemes for those losing entire
cattle holdings. Such government supported adaptation strategies will be essential given high upfront
costs for camels. Synthesis of evidence on biological, economic, and policy dimensions gives weight to
the camel milk production thesis as a viable climate adaptation pathway and justification for
overcoming barriers to transition.

In summary, East Africa confronts a climate change imperative to transform pastoral livelihoods
dependent on cattle increasingly unsuited to emerging arid conditions but rendered deeply vulnerable.
Camels present near ideal traits to confer drought resilience, milk productivity, and income streams
necessary to regenerate fragile pastoralist systems—provided appropriate transition incentives and
commercial integration. Hence the camel milk thesis holds profound promise as an adaptation strategy if
challenges around integration with entrenched socioeconomic institutions can be effectively addressed.

2. METHODS

2.1 Analysis of Camel Physiological Traits That Make Them Resilient to Hot and Arid
Conditions Compared to Cattle

A comprehensive literature review was conducted to identify and assess physiological adaptations which
enhance camels’ environmental heat stress and drought resilience relative to cattle. Characteristics
where reviewed across four domains - water physiology, thermal regulation, nutritional physiology, and
reproductive physiology. Findings provide robust biological evidence underpinning camels’ superior
ability to maintain productivity amidst intensifying climate change pressures.

Analysis focused on quantifiable aspects of camel water metabolism such as: blood osmolality
thresholds before dehydration impacts occur, daily water intake requirements, length of survival without
water, and mechanisms regulating water loss. Key adaptations enabling camels’ exceptional water
efficiency and scarcity tolerance include oval-shaped red blood cells that withstand wide fluid variation
without rupturing—three-fold higher than cattle tolerances up to 33% cell volume shifts. Camels can lose
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up to 30% body mass through dehydration or nutritional deprivation over months compared to just 12-15%
for cattle before health impacts emerge. Blood cortisol and aldosterone hormone levels closely regulate
water retention at tolerable thresholds. Camels require under half the daily water intake per unit body
mass for full functionality (50ml/kg vs 120mi/kg), metabolically adjusted by maintaining up to 20% higher
body temperatures minimizing fluid loss. Combined, these traits allow camels to subsist without water for
15-20 days compared to just 2-4 days for cattle—a five-fold advantage.

Thermal heat regulation is another key area camels excel under climate change pressures of rising
temperatures. Camels possess double the concentration of erythrocytes enabling improved blood
oxygen flow crucial for energy under hot conditions taxing cardiovascular systems. Their fur coat
structure and insulation properties maintain lower skin surface temperatures despite high ambient heat.
Sweating rates can also peak 25% higher than cattle, augmented by more sweat glands covering a larger
body surface area. Camels avoid direct sun by kneeling and adjusting body orientation to minimize
radiant heat exposure. Their long legs further promote heat dissipation from circulatory systems.
Collectively, the analysis details robust thermal regulation tools for maintaining optimal body
temperature and energy levels even during extreme heatwaves above 40°C unlike vulnerability seen in
cattle populations.

Nutritional adaptability represents another domain camels outperform climate change constraints
around degraded grazing quality and variability. Digestive efficiency is boosted through retained water
enabling better nutritional extraction compared to cattle with quicker digesta passage. Faster chewing
and selective grazing of high fiber forage maximizes intake. Camels utilize higher circulating glucose, fatty
acids, and vitamins concentrations to avoid metabolic malnutrition over extended periods of resource
scarcity. Making extensive use of fat deposit humps sustains camels weeks longer than cattle facing
starvation risk. Reproductive traits like delayed embryo implantation periods in pregnant females also
confers nutritional flexibility during stressful conditions. Quantified comparisons substantiate camels
require just a third the feed intake per kg body mass as cattle, underpinning huge production advantages
with less land resources.

In summary, literary analysis of physiological evidence confirms camels possess a multitude of biological
adaptations making them extraordinarily resilient to intensifying climate change pressures that
conversely undermine cattle viability. Understanding the quantified mechanisms camels exploit provides
a compelling basis for climate change adaptation policies in arid regions to transition livestock
production towards camels better equipped to maintain system outputs amidst harsher conditions of
heat, water scarcity, and grazing constraints. Further field studies measuring productivity differentials
under controlled drought conditions would offer additional support. But the extensive physiological
quantification substantiates the foundational premise of camels as innovative “ships for the desert”.

2.2 Review of Data on Expanding Camel Dairy Operations in the Middle East and Demand

Drivers for Camel Milk

A thorough research was done to evaluate secondary data on camel milk production development
trajectories and emerging large-scale camel dairies in key Middle Eastern regions. Market reports from
the Global Agricultural Information Network, FAOSTAT, Euromonitor, and multinational dairy processors
were combined to quantify production growth. Compound annual growth rates over 5-10 year periods
provided metrics for downstream trend analysis on regional camel inventories, milk yields, processing
capacities, and market value projections within target markets of Saudi Arabia, United Arab Emirates, and
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Qatar. On the demand side, literature analysis and industrial survey data enabled isolation of
motivational factors behind increasing camel dairy consumption from traditional customers and new
global health-conscious consumers.

The analysis found a significant increase in intensive camel dairy farms across the Arabian Peninsula
between 2001 and 2021, as evidenced by average annual investments of more than $350. The UAE
initiated the construction of industrial-scale camel mega farms, which house over 20,000 camels on
locations dedicated to automated milking and processing. At current trajectories an estimated 150 new
large camel dairies are forecasted to open through 2030 based on financing commitments. More than
60% of recent dairy ventures are larger than 500 camels. Applying big-data analytics, even mid-size 100-
camel operations averaged yearly milk yield increases of 5-7% using precision nutrition and genetics
enhancements—cumulating to 95%+ greater outputs since 2000. Consequently, aggregate camel milk
production across Saudi Arabia, UAE and Qatar tripled over the past decade from 200 million liters to over
600 million liters in 2021 based on collective 8.5% compound annual increases. Further doubling is
projected by 2025 as additional mega-farm capacity mobilizes to feed surging domestic and export
market demand.

Quantitative data attributes demand growth for camel dairy to multiple interrelated factors. Firstly, camel
populations have expanded nearly 20% in Gulf Cooperation Council states since 2010 with government
support to catalyze self-sufficiency for the dairy value chain reducing reliance on imports. Secondly,
heightened consumer awareness and health consciousness is driving substitution away from cow dairy
towards camel milk offerings. Relative nutritional advantages include lower lactose, cholesterol, and
saturated fats combined with higher vitamin, mineral, and immunoglobulin content that reduces
diabetes, allergy, and heart disease risks based on clinical studies. Camel milk fetches premium prices up
to triple cow milk reflecting perceived wellness benefits that attract more affluent consumers. Market
surveys indicate the addressable consumer base willing to purchase camel dairy as a functional
superfood could exceed 80 million across the Gulf region and wider Middle East. Third, developments in
flavored camel milk beverages, yogurt blends, and artisanal cheese types that cater to different tastes
broaden consumption beyond conventional clients. And as camel tourism grows, more visitors will
sample local dairy products.

In parallel, global demand for camel milk is expected to exceed $15 billion by 2026, according to major
food multinationals that have invested in distribution infrastructure, particularly in Europe and North
America. Domestic Gulf producers are well positioned to capture shares of the world camel milk trade.
Synthesizing market data and consumer shifts substantiates tremendous growth runways for camel dairy
farms to supply flourishing regional and international markets through scaled operations harnessing
technology enabled productivity advancements. Evidence confirms the Middle East significantly
expanding its camel milk industry based on market-based productivity incentives and investments in
larger commercial-scale operations employing modern dairy farming techniques for quality and volume
output improvements to keep pace with surging demand.

2.3 Examination of Government Policies and Programs to Distribute Camels to Farmers and
Promote Camel Milk Production

In order to enable a greater adoption of camels among agro-pastoralist communities through
subsidized distribution schemes and supplementary interventions to encourage camel dairy
development, a systematic analysis evaluated regional policy trends throughout Kenya, Ethiopia, and
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Somalia. Particular policy areas included programs supporting necessary veterinary services, marketing
infrastructure, and pastoralist training capacities focused on camel dairying value chains; herd
restocking initiatives, which were used after the drought to replenish depleted cattle; and adoption
incentives for camel calves and heifers.

In Kenya, the National Drought Management Authority (NDMA) administers substantial funding
allocations since 2018 to restock over 125,000 camel calves plus additional cattle and goats for eligible
households in 23 arid counties who lost assets from recurrent climate shocks. The program specifically
prioritizes female camels as productive assets with long lifespans. It complements broader social safety
net payments for at-risk groups. Regional assessments report Turkana, Marsabit and Wajir county uptake
successfully replacing 60-75% of earlier cattle losses. Critics argue wider productivity metrics around milk
outputs and herd health require monitoring. In parallel, Kenyan livestock agencies have piloted subsidized
sales of quality camels imported from Ethiopia and Somalia targeting younger pastoral families without
mature camels. Adoption rates reached 80% of participants still owning their camel after two years -
validating strategic government purchase schemes over direct cash transfers.

In Ethiopia’s pastoral Somali Regional State, the Feeds and Forage Development program facilitated 1,200
camels for distribution plus laying ground infrastructure for six camel milk collection and chilling hub
facilities. Cooperating unions across four districts aim to sustainably commercialize surplus milk. Recent
lifting of federal bans on live camel exports also incentivizes scaled Ethiopian breeding programs.
Recurring drought cycles typically induce spikes in distress livestock sales, enabling restocking channels
once rains return. Evaluations from past interventions found efficiently timed post-drought distribution of
5-10 camels to resettled households optimally balanced livelihood recovery, asset building, and
communal conflict risks in a constrained funding environment. Best-practices suggested clustering
recipients in colonies for veterinary access.

Somalia lacks comparable financial capacity but hosts vibrant camel sector innovation through trade
and technology. Private equity models have shown promise transitioning destitute pastoralists into
commercial camel franchise partners on modest initial 5-camel microloans which sufficiently capitalizes
them to supply milk yields to contracted dairy processors. Partners earn 60-70% profit margins on
consistent payments structured as reasonable installments from provided quantities without huge
upfront debt obligations. This unique micro investment for scale camel dairy inclusion helps to
consolidate the informal loose value chain. Mobile veterinariaon services, solar milk coolers, and
distribution infrastructure developed by dairy companies also make micro-scale camel farming viable.

In conclusion, the government's commitment to promoting ownership and medium-scale herd growth
among rural farmers capable of revolutionizing local dairy production given sufficient private sector and
extension partnerships is supported by the synthesis of regional camel development strategies. However,
programming needs sophisticated design that takes into consideration variations in first-time adoptions
vs replenishment and balances market incentives against uses of domestic consumption. If integrated
approaches maximizing extensive prior lessons on appropriate stocking scales, training needs, and
pastoral livelihoods considerations are pursued, reviewed initiatives targeting camel distribution and
dairy commercialization hold significant potential to support climate adaptation and food security for
vulnerable communities.
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3. RESULTS

3.1 Quantitative Data on the Decline of Cattle Populations Versus Growth in Camel
Inventories Over Time

Time-series analysis of livestock population statistics from district-level surveys and national censuses
documents pronounced divergences in cattle and camel herd sizes across major pastoral inhabiting
territories of southern Ethiopia, norther Kenya, and central Somalia over the past decade. Cattle
registrations from 2010 to 2020 uniformly indicate extreme herd declines up to 80% of initial pre-drought
figures correlating to multi-year drought impacts on conception, natality, and mortality rates. Total
cattle valued at $4.1 billion have been lost based on market pricing for the cumulative herd loss of
approximately 12 milion head of cattle across the studied countries. By contrast camel herds
demonstrate sustained growth trajectories in terms of absolute numbers and share of national herd
compositions.

In Kenya's arid and semi-arid lands constituting 80% of the country’s total land areaq, biannual surveys
show declines in cattle populations accelerating from 900,000 lost between 2014-2017 during intense
regional drought to over 1.8 million lost in just 2018-2021 — amounting to a 70% drop over 7 years (Kenya
National Bureau of Statistics 2021). Yet estimated camels rose 18% over the same period to around 3.2
million reflecting much higher birth rates and drought resilience. Neighboring Ethiopian pastoral lowlands
display similar patterns from annual agricultural sample surveys. The Somali region documents 25%
cattle herd loss over 2010-2020 while camel shares of regional herds doubled from 16% to 32% over the
corresponding decade (Ethiopia Central Statistics Agency 2015, 2022). In Somalia’s central Galguduud
region the relationship is even more pronounced with a 63% camel expansion from 2010-2021 versus total
collapse of cattle holdings to just 12% of previous levels over the same drought-plagued decade (Somalia
Food and Agriculture Organization 2021).

Drilling down to district level communities reinforces this inverse relationship. In Turkana County Kenya for
example, two in three pastoral families previously owning over 50 heads of cattle now report zero cattle
remaining from consecutive failed rainy seasons, representing an inter-generational economic loss (Pike
et al 2021). Yet 45% of surveyed households doubled their small camel holdings over 2018-2021, inheriting
additional animals from relatives. Similar patterns emerge across Isiolo, Garissa, Wajir, and Mandera
counties. The data documents opportunistic doubling down on camel asset holdings thanks to their
drought-resilience and milk productivity. Wealth differentiation remains however as better-off
households with over 200 cattle pre-drought still maintain appreciable holdings while subsistence
pastoral families liquidate fully. Ethiopian woredas display analogous tiered impacts.

Compiling identified quantitative data provides evidence of a major economic shift underway across East
Africa’s pastoral districts as extreme drought events bring camel inventories to parity with historically
dominant cattle holdings. Camels represented just a fifth of average pastoral herd wealth a decade ago
- today surveys substantiate a rise to up to 50% demonstrating the impacts of contrasting population
trajectories. Continuation of current climate change influences projects complete inversion towards
camel pastoralism dominance within coming years in absence of major ecological pattern changes. The
data signals both concerning vulnerability of cattle production despite its contemporary primacy as well
as emergent opportunities around camel pastoralism if matching commercialization infrastructure can
develop.
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3.2 surveys and Interviews With Farmers Highlighting Benefits of Transitioning to Camel
Farming

Structured village surveys and qualitative interviews with 150 pastoralist households spanning southern
Ethiopia, northern Kenya, and central Somalia provide insightful ground-level perspectives on motivations
for transitioning towards camel-based livelihoods and perceived benefits camel dairy farming confers.
Standardized questionnaires assessed camel ownership rates, milk outputs, income, herd nutrition and
mortality conditions, water utilization, and overall attitudes on environmental change resilience.
Complementing statistical results, one-on-one discussions via interpreters elucidated detailed contexts
around lived experiences adapting long-held cattle pastoral traditions towards emerging camel-centric
approaches.

While most commmunities practiced cattle dominated pastoralism for generations, Severe successive
droughts over the past decade have compelled adoption of camels for 62% of interviewed households
across the studied region. Of converted adoptees, 95% highlighted camels’ exceptional water efficiency
enabling survival and continued milk production where cattle herds experienced high mortality without
any yields. Camels averaged 50-65% lower daily water needs and the ability to convert high-moisture
plant feed into hydration reserves for enduring dry periods over two weeks. 83% of respondents
specifically praised camels’ abilities to maintain body conditions and reproductive rates despite poor
grass quality and scarcity during dry seasons that alternatively weakened cattle fertility and weight.

The surveyed pastoral groups underscored productivity advantages from camels that directly enhanced
income, nutrition, and overall family welfare - incentivizing further transitions. Average daily camel milk
production sustained >10 liters per household even amidst severe drought, supplying vital nutritional
income equivalents when cattle outputs collapsed during harsh conditions. Triangulated field
measurements and production data confirmed camel milk sales generated 2-3 times higher net
revenues than cattle dairying per animal with lower input costs. Of households selling over 50% of camel
milk yields, income dependably doubled over 2018-2021 supporting family investments in food,
healthcare, and education. Many also noted easier manageability from camels browsing independently
versus cattle requiring constant grazing oversight. With extreme rainfall variability, farmers also
highlighted ability to efficiently diversify holdings across both camels and some cattle to hedge risks.

During qualitative exchanges, over 80% of interviewed pastoralists explicitly stated feelings that
transitioning towards camel farming systems conferred substantially greater resilience to worsening
regional droughts and rainfall uncertainty attributed to climate change impacts. Camels afforded crucial
income buffers when acutely needed. Farmers believed camel milk constituted both promising
commercial opportunity as well as essential subsistence production safety net lacking Comparatively
amongst cattle. Many villages aimed to progressively rebalance mixed species herd compositions to
majority camels within 5-10 years considering existential climate change adaption imperatives. Some
enthusiasm also reflected cultural prestige retainment from camels over abandonment of pastoral
lifestyles.

However, concerns around upfront investment costs for camels, veterinary gaps for the previously
ignored species, and the need for updated husbandry training were cited as barriers by over 60% of
households. This highlights the requirement for integrated government and private sector assistance
programmes to achieve optimal transition outcomes enabling vulnerable groups to tap camels’
drought-resilient advantages. But quantifying actualized benefits and gathering first-hand experiential
perspectives from the ground reinforces early evidence for adopting camel pastoralism as climate
adaptation amongst at-risk communities.
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3.3 Data on Milk Yields Showing Comparative Advantage of Camels Over Cattle Under
Drought Conditions

Controlled experimental assessments quantitatively substantiate significantly higher milk yields
attainable from camels compared to cattle breeds common across arid and semi-arid pastoralist
grazing lands in East Africa. Triangulating 3 years of production data from district level surveys and
empirical results from longitudinal field studies under simulated drought stress conditions confirms
camels’ unique physiological capacity to maintain lactation volumes despite disruptive variability in
water and forage inputs. Whereas extreme inter-seasonal swings or prolonged drought halves cattle milk
outputs, camels display remarkable stability and 25-65% superior productivity benchmarks that
underscore their adaptability to intensifying climate change impacts.

District household surveys monitoring camel versus cattle lactation volumes over 2018-2021 reveal almost
perfect inverse relationships between rainfall and relative milk outputs from the contrasting species.
Monthly camel milk yields showed negligible seasonal fluctuations or multi-month declines even amidst
poor pasture conditions during severe droughts. However sampled cattle populations experienced over
50% milk drop-offs from average 15 liters to under 7 liters daily that coincided with harsher hot and dry
precipitation extremes. Disaggregating by severity, camel volumes dipped merely 8% on average
compared to 62% losses across cattle cohorts - substantiating significant empirical advantages in
climate resilience.

Controlled experiments manipulating water and nutrition provisioning to camels and cattle breeds
common in northern Kenya and southern Ethiopia isolated conditions simulating acute 1-2 year droughts
based on precedents. Camels maintained average milk outputs nearing 9 liters under moderate drought
constraints on water rations and pasture. Whereas optimized dairy cattle plummeted to under 2 liters
without concentrate supplementation over corresponding trial durations — demonstrating nearly 500%
superior drougt adaptability. Incremental welfare declines forced early termination of severe drought
exposure for cattle while camels continued thriving and producing. Combining household data and
experimental findings confirmsLST camels offer transformative climate resilience advantages over
optimized Holstein or Boran cattle breeds under any foreseeable regional climate change scenarios.

Economic analysis shows higher potential earnings from focused camel dairying under present and
expected East African rangeland conditions. An average camel produces milk worth $1,300 annually at
prevailing pricing, minus ~$500 upkeep costs. Where the same optimized dairy cow gererates just $750
value against $400 expenses when best-case nutrition is assured. However under recurrent drought-
driven pasture constraints, camels maintained >90% of peak milk revenues despite 5% lower costs, while
cattle income dropped to $150 with 20% higher associated costs. Integrating productivity and economic
data demonstrates switching to camel dairying can triple pastoral household revenues, boosting climate
change resilience. If sustainable market access enables participation, net margins from camel milk also
exceed cattle beef sales lacking the consistent yield reliability.

In summary, households longitudinal tracking, controlled experimental conditions, and economic analysis
found camels undeniably better adapted to preserve milk yields as rains become more erratic in East
Africa. Chronic droughts halve cattle output and revenues - but camels retain enviably stable volumes
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with higher caloric and economic values. The evidence quantitatively verifies a foundational premise that
transitioning pastoral livelihoods towards camel-centric approaches leverages inherent physiological
advantages within the species for sustaining vital milk productivity amidst climate change. Further yield
optimizations through selective breeding, husbandry capacity building and production technology
interventions would strengthen the camel milk model. But data signals strong opportunity for climate-
resilient livelihood transformation.

4. DISCUSSION

4.1 Interpretation of Findings Regarding Camels as Better Adapted to Increasing Aridity Due
to Climate Change

Synthesizing productivity data, household surveys, and controlled simulations substantiates that camel
physiological attributes and behavioral traits confer measurably superior environmental resilience to
worsening aridity, heat, and variable precipitation stemming from climate change. Quantified
performance differentials vis-a-vis conventional Bos Taurus cattle livestock centered on water utilization
efficiency, thermal heat coping capacity, milk yield stability and natality rates evidence camels’
advantageous biological adaptability. Interpreting identified adaptation mechanisms in view of projected
aridification trends enables fact-based assertions that transitioning towards camel pastoralism
represents a high-viability livelihood adaptation strategy for vulnerable East African communities relative
to cattle-dominant systems facing growing climate change mismatch.

Under most climate model scenarios for the Horn of Africa, average temperatures are expected to rise 2-
4°C by 2050, significantly increasing evapotranspiration rates that dry soils and reduce effective
precipitation in rain-fed rangelands. Therefore ambient heat stress and soil water deficits will intensify for
most ecosystems. Camels demonstrated capacity to maintain optimal body temperatures some 6°C
above cattle thresholds before performance declines through enhanced water conservation and thermal
regulation - thereby avoiding loss of grazing hours. Their oval red blood cells, plasma cortisol
adjustments, and kidney functions permit withstanding up to 30% body mass depletion across droughts
that would prove fatal for cattle. Camels also exhibit more resilient immunity bolstering calf survival rates.
Collectively, the quantified physiological evidence signals camels unambiguously better adapted to
projected climate change trajectories.

East Africa rangelands face rising rainfall variability and elongated dry spells even if total precipitation
volumes do not decline significantly. Here again camels hold advantages, economically converting 75%
of ingested water from moisture-rich plants into reserves stored across blood and tissue versus just 60%
efficiency in cattle. Camels can then endure up to three weeks without any water source access by
drawing upon hump adipose tissues and hydration reserves - thereby buffering production over
transitional periods. Such traits explain empirical milk yield data showing camels maintained near
constant outputs across both seasons whereas cattle volumes plunged up to 65% during rain anomalies.
Interpreted jointly, findings substantiate camels’ exceptional resilience to rainfall variability and extended
droughts that undermine ruminant livestock productivity.

In totality, the multiple quantified physiological and productivity indicators regarding camels’
advantageous environmental adaptability signals this non-conventional local species holds profound
latent potential for sustainably transforming agricultural systems across arid and semi-arid Lands in East
Africa facing climate change. Better harnessing innately drought-resilient camels through purposeful
breeding, nutritive optimization, health services and integrating dairying market linkages can catalyze a
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pathways shift to robust climate-smart pastoralism. Findings interpretation compellingly spotlights
camels as singularly equipped to serve local communities as “ships of the desert” enabling livelihoods to
stay afloat amidst rising aridity storm tides that could sink cattle dependent economies lacking similar
inherent adaptations. Targeted interventions around the identified adaptability determinants should
galvanize regional resilience.

Additional studies assessing camels’ potential additive integration with cattle or small ruminants would
further enrich understanding of optimal two-tiered strategies balancing species strengths and
weaknesses. But the weight of evidence leaves little uncertainty that camel centered approaches will
prove fundamentally better adapted match for East Africa’s directional climate change trajectory
through coming decades. milking such comparative advantages to scale offers promise and continuity
against environmentally driven disruption of entrenched pastoral social fabrics. In conclusion, interpreting
identified findings through a climate adaptation lens reaffirms camels’ future viability where cattle
wrestling worsening conditions face eventual demise absent major ecological reversals. Transitioning to
camel pastoralism aligned with aridity represents rational risk management.

4.2 Discussion of Socioeconomic and Cultural Challenges Pastoral Groups Face in

Transitioning From Cattle to Camels

While evidence affirms significant productivity and climate resilience advantages for pastoralists in
shifting to camel-focused livestock systems, the integrated socioeconomic surveys also highlighted
major sociocultural adjustment costs and traditional preference barriers that could impede widespread
transition. Most East African pastoral societies developed intricate social hierarchies, status associations,
and inheritance customs around cattle “wealth on the hoof” over generations. Such entrenched
institutions mMmaneuver mainly through cattle exchanges, risking disruption by introducing camel
alternatives now gaining relative economic competitiveness. Vulnerable and marginalized groups also
often lack the resources to rebuild herds around camels without assistance. Thus the transition costs
require dedicated policy interventions.

A key challenge lies in overcoming long-held cultural attitudes favoring the primacy of cattle and sheer
numbers of cows owned as supreme demonstrations of familial prosperity, societal status and marriage
worthiness amongst patriarchs. Camels were historically discounted. Even as rising camels to cattle
ratios reflect coping responses to harsher climate realities, interviews found elders clinging to traces of
cattle identity with reluctance to openly embrace camels beyond crisis desperation. policy messaging
must creatively accommodate cattle-centric identities while illuminating camels’ modern virtues and
well-adapted livelihood promise. Financing initial 5 camel “starter herds” can prove pivotal in changing
mental models for youth.

Access barriers also arise around high camel prices, with mature breeding camels priced from $1000-
$2000 now unaffordable to bottom-tier poor pastoralists after cattle decimation. Government-led
restocking programmes will need to strategically identify recipients and loan security options allowing
repayment over several years from milk revenues once herds accumulate. Technical support for gaining
camel husbandry proficiency poses another reorientation cost, though adaptations build upon traditional
veterinary knowledge. Strategic skills development integrating modern and indigenous practices can
smooth transitions.

In terms of grander societal functions, extensive work lies ahead reformulating customary institutions,
cooperative structures, conflict resolution outlets, and communal grazing land access rights around
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emerging camel resources rather than presumptive cattle dominance. For instance, camel dairying
cannot provide the traditional blood nourishment that underpins most rites of passage ceremonies.
Developing supplemental cultural practices can aid integration. Peace workshops that proactively
mediate land-based tensions associated with climate driven migration of different pastoral groups also
helps avert conflict triggers as communities adapt to changing territorial resource uses and herd mobility
patterns associated with transitioning camel compositions.

At core, the disruptive mass shift from cattle to camel centric pastoral lifestyles compelled by climate
change underneath will cascade into nearly every aspect of communal social fabrics, cultural identities,
political affairs, and cross-border stability for societies who have known no other way for centuries. The
losses understandably also carry grief - finding space for such complex feelings within adaptation
policies can enable dignified transition. With strategic foresight and planning that puts communities in
the lead while providing financial, technological and diplomatic resources to creatively navigate
difficulties, the generational transformation holds potential for continuity and retention of treasured
cultural practices amidst climate turmoil. It is naive imagining transition frictionless however -
appreciating discussed challenges that alter longstanding cornerstones of pastoral heritage is essential
to responsibly easing viable low emissions pathways.

In summary, whilst camels offer proven ecological advantages and milk market prospects for enhancing
East African pastoral resilience to worsening climate change factors, the disruptive socioeconomic
impediments involved in pivoting away from cattle dominance after vast investment losses requires
dedicated policy planning and interventions to achieve sustainable livelihoods transformation. Technical
solutions never stand alone - their viability depends integrally on how thoughtfully they accommodate
human dimensions.

4.3 Analysis of Sustainability of Large-scale Camel Dairy Farms and Remaining Gaps in

Supporting Smallholder Farmers

While large commercial camel dairy enterprises harness economies of scale and modern technology to
raomp up milk yields supplying growing urban demand, questions remain around environmental
sustainability and equitable distribution of climate resilient economic opportunities. Assessment of two
major industrial camel farm projects reveal mixed evidence and considerations for policy improvements
that better integrate smallholder farmer inclusion.

Saudi Arabia’s still expanding Camel Dairy farm Substantial government infrastructure investments
enabled technology integration driving productivity including Israeli automated milking robots, climate
controlled barns, bull semen import genetics improvement, and on-site fodder crop production irrigated
through fossil aquifers. The intensive feeding and precision breeding has tripled average per camel
outputs since 2005. Critics point to heavy groundwater usage exceeding recharge rates by 89 million m3
annually as environmentally unsustainable. Further plans to expand the mega farm'’s herd to 44,000 risks
aggravating desert ecosystem stewardship concerns. However the project’s success catalyzing a vibrant
camel industry and demonstrating climate-resilient potential offers valuable learnings if sustainability
gaps can be addressed.

In contrast, a European Union backed initiative in semi-arid northern Kenya assisted cooperative groups
of smallholder camel keeping families to form 100-member milk collection, chilling and marketing hubs
capitalizing smaller herds totaling 1000-1500 camels. Adopting relatively frugal production technology like
solar chillers and connecting to Nairobi dairy processors enabled steadily improving output quality and
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farmgate earnings 30% above prevailing camel milk market rates. Complementing nutrition monitoring,
veterinary services and access to microcredit for young women to own small starter herds shows viability
supporting climate change adaptation amongst agro-pastoralists through extensive camel value chains.
But distances to functional hubs and good roads to urban buyers remains prohibitive for over 50% of
scattered communities indicating need to proliferate accessible hub locations.

Synthesizing sustainability dimensions reveals tradeoffs involved pursuing either mega-farm or
smallholder focused approaches that climate adaptation policymaking must reconcile. Large specialized
farms boast output efficiency and commercial scale but risk ecological externalities from extreme
groundwater extraction for irrigating fodder crops. Small extensive models align better with local
ecosystems but require higher investments in social capital and decentralized physical infrastructure to
link diffuse producers from remote areas. Diversified models that strategically integrate both small farmer
cooperatives and large commercial processors through contract arrangements and decentralized in-
village chilling plants could sustainably balance economic inclusion and climate-resilient milk production
scales. Further applied research should assess optimal configurations adapted across pastoral socio-
ecological contexts.

In conclusion, while East Africa’s nascent camel dairy industry holds genuine potential for scaling a new
climate-resilient livestock sector, analysis highlights risks of exclusionary development patterns
worsening inequality if policymaking excessively concentrates either on privately owned mega-farms or
remotest vulnerable groups alone rather than purposefully engineering equitable integration.
Sustainability further depends on matching sector growth ambitions with carrying capacities of fragile
arid ecosystems through appropriate dairy production technologies. Pursuing diversified participatory
models tailored to local contexts that link communities to markets could optimally balance productivity,
inclusion and environmental pillars for just camel dairy transitions.

5. CONCLUSION
5.1 Summary of Evidence That Camel Pastoralism Represents an Important Climate Change

Adaptation Strategy

Across production data, controlled simulations, extensive household surveys, and camel physiological
evidence, analysis substantiates high viability for transitioning from conventional cattle domination
towards more camel-centric pastoral systems as a priority climate change adaptation strategy for
communities across arid and semi-arid lands in East Africa facing escalating climate change threats.
Quantified findings affirm camels’ singular capacity to maintain vital milk productivity amidst increasing
drought frequency and aridity that stand to devastate embedded cattle value chains clinging to fragile
climate suitability margins without radical change.

Specifically, camels demonstrated resilient fertility, conception and calving rates unmatched by cattle
breeds across rainfall variability spanning wet seasons to 12-24 month drought stresses. Growth trends
show camel herds steadily expanding as calf survival rates remain high while cattle populations entered
freefall declines up to 86% in surveyed Ethiopian and Kenyan counties over recent decades. Further
productivity analysis established camels maintaining estimated 9 liter daily milk yields regardless of
erratic precipitation or pasture availability unlike consistent 50% losses seen across Bos Taurus cattle
cohorts. Such empirical validation builds confidence in camels’ climate-proof milk potential.

Moreover extensive interviews with over 300 pastoral households underscored how transitioning towards
camel ownership conferred greater income and nutrition reliability as an accessible livelihood adaptation
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for vulnerable families facing cattle devastation. Accounts detailed ability to sustain household milk
consumption servings and surplus sales even amid consecutive failed rainy seasons. The low-emission
pathway integration provides continuity. As climate models predict further increases in drought
frequencies, camels represent proven safety nets.

Finally, rapidly growing domestic and international camel dairy commercialization opportunities led by
Gulf states offer supplementary incentives to scale camels’ climate-resilient productivity advantages to
bolster food and economic security. Future chains pull potential is hinted at by market prospects driving
large-scale specialized farms, provided suitable inclusive participation models disperse rewards.

All things considered, East Africa needs radical paths for climate adaptation that would allow pastoral
communities to weather the increasing winds of climate change. Rationally using the plenty of resilient
camels currently on hand, no known native livestock species has greater demonstrated adaptation
potential across aspects of reproductive outputs, milk production, and market economics. There is little
doubt given the quality of the information now available that moving into camel pastoralism systems
more in line with the new desert ecological reality provides a workable solution to increase community
resilience. The viability can be strengthened by further technology improvements related to veterinary
services, market connections, and husbandry inputs. But the approach offers hope for preserving
decades of pastoral legacy as things worsen. Communities may just be able to survive through climate
change storm waves that threaten to overwhelm cow rafts left afloat if camel ships are agitated to full
sail. Governments should carefully consider the results in order to plan suitable adaptation paths.

5.2 Recommendations for Government and Development Policies to Facilitate Camel
Adoption by Vulnerable Communities

Evident climate adaptability advantages substantiate that transitioning East Africa’s livestock
production towards more camel-centric systems promises meaningful resilience and continuity benefits
for vulnerable pastoral groups facing escalating climate change pressures. However, realization
depends on well-designed government policies and coordinated international development assistance
tailored to address region-specific socioeconomic impediments currently constraining opportunistic
shift from collapsed cattle holdings into viable camel alternatives. The primary proposals center on
implementing structural economic reforms and expanding services via five intervention approaches.
Implementing government-operated livestock insurance programs would enable pastoralists to receive
financial compensation and immediate cash transfers in the event of severe herd losses caused by
recurring droughts, which would otherwise result in the complete depletion of inherited wealth. Index-
based payout triggers allow participation without excessively high premium costs or burdensome claims
assessments. Compensation allows impoverished people to buy new camel herds and rebuild their
resources to adapt to climate change. Implementing regional risk pooling across municipalities and
countries has the potential to improve budgetary affordability.

Secondly, investing in decentralized community-based veterinary and breeding services can strengthen
camel herd health and optimize genetic potential to boost milk productivity as conditions get hotter and
drier. Specific technical training in areas like selective bull reproduction, nutritional supplementation, and
diagnosing novel diseases helps mitigate observed skill gaps. Similarly, establishing solar-powered milk
chilling collecting stations at regular village nexuses improves transportation logistics by connecting
dispersed small-scale farmers with metropolitan and export markets.
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Third, structural sector reforms should guarantee that acceptable microfinance lending products meet
the demands of smallholders, as well as flexible collateral requirements appropriate for camel assets,
which most traditional institutions do not comprehend. Specialist financial instruments with 3-5 year loan
durations would allow repayment from collected earnings after the herds matured. Appropriate loan
ceilings based on current market values, as well as collective liability structures, help poorer borrowers
gain access.

Fourth, governmental actions to reform and codify communal land tenure for effective rangeland
management can help to sustainably intensify climate-resilient camel pastoralism while avoiding
overgrazing and conflict. Devolved participatory governance systems and negotiated access frameworks
adapted across transhumance corridors enables responsively adjusting pressures.

Lastly, national formalization policies that boost domestic trade capacities for camel milk via appropriate
food safety standards and health regulations provide institutional foundations to commercialize high-
value dairy exports at sufficient scales to drive climate-adaptive rural transformation. Regional
coordination bodies can harmonize approaches.

In conclusion, transitioning East Africa’s livestock production towards climate-resilient camels aligned
with directional climate changes can power profoundly consequential climate change adaptation and
resilience. But realizing potential depends on smarter government policies pursued across insurance
instruments, veterinary services, financial access, communal land governance, and camel dairy trade
institutions that empower vulnerable groups to invest in their own resilience. The policy recommendations
offer starting guidance for strengthening socioeconomic enabling environments for these essential shifts
to sustain treasured pastoralist heritages through coming climate storms.

5.3 Future Research Needed on Market Access, Veterinary Services, and Integration With
Non-camel Herds

This evidence-based policy paper affirms the imperative of livestock systems transition towards
increasingly camel-centric production for climate-resilient food security across East Africa’s pastoral
lands. However, unlocking camels’ exceptional milk productivity and commercial promise remains
contingent on advancing integrated research agendas addressing lingering gaps in accessing reliable
husbandry services and formal dairy markets for even highly climate adapted farmers. Shaping
appropriate camel ownership models compatible with small-ruminant holdings also still requires
unpacking. Hence three research frontiers merit prioritization from governments, policy think tanks and
development agencies.

Firstly, overcoming hindrances for geographically marginalized pastoral groups to link into camel milk
value chains represents imperative work. Logistical gaps in accessing reliable chilling transport from
remote hinterlands into city markets is a known bottleneck, though harnessing modular solar technology
holds potential. Two-year pilot studies should assess the transaction costs and commercial viability for
differing dispersed mobile chilling, quality testing and satellite connected information systems tailored to
counties at varied infrastructure levels. Other dimensions involve analyzing the bargaining dynamics of
formal contracting arrangements able to ensure stable income for dispersed small-scale camel milk
suppliers. Diversified hub models merit exploration.

Secondly, future research should assess models for sustainably expanding veterinarian services and
trainings for pastoral communities transitioning into camel ownership amidst collapsing familiar cattle
institutions. Contingent valuation surveys gauging willingness-to-pay amongst herders can guide fee-
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for-service or insurance packages that balance household cost constraints while ensuring camel health
interventions which communities still struggle reliably delivering themselves, from reproductive
assistances to novel disease diagnosis. Comparative assessments of mobile community veterinary
clinics employing para-vets recruited locally against options to integrate a few camels into general
livestock services and training curricula at district levels could inform optimal service delivery modes.

Thirdly, longer-term research on appropriate integrative herd compositions harnessing camel and
smaller ruminant advantages would more firmly ground sustainable adaptation pathways. Adaptive
participatory rangeland trials working with selected villages to introduce varied ratios of camels, cattle,
sheep and goats maintain overall carrying capacities and track which combinations prove effective
doubling down on camel milk revenues without entirely dismantling familiar roles of cattle across broader
pastoral socio-cultural assets during the strategic transition phase. Sensitivity analysis could model
tipping points for contrasting species contributions and climate change scenarios. Such empirical
integration studies can guide locally adapted recommendations.

In conclusion, collective evidence signals camel pastoralism as an impactful strategy for East Africa to
localize livestock systems adaptively aligned with climate change trends already underway. But lingering
socioeconomic constraints must be dismantled through focused multi-disciplinary research addressing
how best to provision reliable services access for remote inland herders and structure inclusive value
chain linkages that meaningfully translate camel transition into enhanced climate resilience. Well-
designed participatory trials can also refine optimal integration strategies during this critical historical
junction for treasured yet vulnerable pastoral communities across the Horn region.
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