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Abstract 
Hay production is a flagship project under drought risk reduction and cli-
mate change adaptation programs in pastoralism livestock systems in Kenya. 
For decision-makers to plan and evaluate their projects, they need localized 
data on hay production and supply and to understand what attitudes influ-
ence demand for hay by pastoralists. A cost-benefit analysis on 23 hay farms 
and a questionnaire knowledge, attitude and practice survey on 340 pastoral-
ists in Kajiado Central were undertaken. This study provides the hay produc-
tion versus hay deficit figures in Kajiado Central County. The study also 
measures the financial losses livestock keepers incur during drought migra-
tion and correlates these losses against livestock keeper’s decision to buy hay 
for their animals. The study established that the drought in 2017, Kajiado 
Central County had a 48% hay deficit (2,580,000 hay bales) worth about KES 
902 million needed to cover three months of the severest period of the 
drought. At the same time, hay production and supply were 49,138 grown 
hay and 3292 purchased hay bales and 6177 bags of commercial feeds and fo-
rage. The study also found that 86% of livestock keepers buy hay only when 
their animals started dying at the severest period of the drought. Hay buying 
mainly occurs in drought years, and averagely for three months only. From 
2005 to 2020, there have been five years of severe drought. Because hay pro-
duction is a critical climate change adaptation and mitigation strategy for 
droughts, Kajiado needs to reduce the hay deficit by 67% (average of 2015 & 
2017), disaster management planners need to align the hay supply to hay 
purchasing practices. In addition, decision-makers need to address the low 
hay supply by tackling the challenges of hay production. Furthermore, disas-
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ter management planners could use the study to determine the trigger points 
to start disaster response for livestock feed. 
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1. Introduction 

Livestock production provides around 90 percent of employment and family in-
come in the arid and semi-arid lands (ASALs), where vulnerability to drought is 
acute. The increased incidence of droughts across the ASALs gives communities 
less time to recover and rebuild assets and resilience. Migrating livestock herds 
to different dry and wet season grazing zones is the predominant drought miti-
gation strategy practiced by pastoralists. Over the years, options to migrate li-
vestock have been shrinking due to climate change and land use changes leading 
to the need for alternative livestock feeding options. The limited feeding options 
are evident when one looks at the livestock losses from drought within the most 
recent decade alone, which are estimated at more than US$1.08 billion [1]. 

Studies show that smallholder farmers’ exposure to and awareness of different 
fodder crops in Kenya is high. However, despite this high awareness, only 55% 
grow at least one fodder type on their farms. Furthermore, frequent droughts 
due to climate change and poor agricultural land-use practices have significantly 
contributed to degradations and loss of natural pastures, especially in the ASAL 
area [2]. 

A 2018 study suggested that Kenya suffers large deficits of livestock feeds, 
mainly forage for dairy cattle. The deficit is over 3.6 billion bales of hay annually, 
worth USD nine billion. Moreover, the demand is expected to increase, given the 
emerging fodder demand by neighbouring counties. Production of these quanti-
ties of fodder would require additional 15 million acres of land under fodder 
crops and pasture which could be achieved by shifting to the utilization of the 
arid and semi-arid areas [3]. 

Fodder production has also been adopted in Kenya as a strategy to mitigate 
the adverse effects of unsustainable grazing practices and rehabilitate degraded 
lands. Empirical evidence shows that the rehabilitation of rangelands using en-
closures had a significant impact on reducing soil erosion and improving water 
infiltration and internal drainage. Communities around the Lake Baringo basin 
have benefited from the sale of grass seeds and hay from enclosures established 
to restore indigenous vegetation. Range rehabilitation through enclosures in 
West Pokot County has benefited pastoralists through the sale of grass and grass 
seeds and access to dry season grazing, leading to improved livestock productiv-
ity. Like other communities living in the drylands, agro-pastoralists in Makueni 
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County have embraced fodder production to increase their livestock productivi-
ty, ensuring feed availability in the dry periods and selling hay and grass seeds 
for income. Past studies have also reported significant contributions of fodder 
production to households’ income. Out of 10 tons of indigenous perennial grass 
seed planted annually in Baringo, pastoral groups have earned an annual income 
of up to KSh1.5 million. Other benefits obtained by these households include 
increased and diversified livelihoods sources arising from improved livestock 
productivity and sale of hay and grass seed, and rehabilitation of degraded lands 
through pasture establishments and enclosures [4]. However, fodder production 
in the drylands of Kenya has also been reported to face several constraints, 
among them high costs of land preparation and grass seed, weed problems, poor 
seed quality, high input costs, lack of seed harvesting skills, and lack of working 
capital [2]. 

Inadequate quality and quantity of animal feed and the growing demand for 
fodder motivated government initiatives to support fodder establishment, pro-
duction, and marketing. One such initiative was introducing several natural 
fodder improvement technologies in the drylands to increase feed availability 
during the dry periods and diversify income through the sale of hay and grass 
seed among communities living in the ASALs. These initiatives, coupled with a 
demand for fodder and the inability of many farmers to establish and preserve 
enough fodder on-farm, created the emergence of a commercial fodder sector in 
Kenya [3]. 

This research looks at the demand for hay and grazing resources from pasto-
ralists and their purchasing practices during drought years versus hay production 
in Kajiado Central County. This information will provide decision-makers and 
planners with actual planning figures for drought response and filling the hay 
deficit through hay production that is cognizant of the pastoralist buying prac-
tices to encourage resilience in pastoral livestock systems in the county. 

Purpose 

The study objectives were to: 
1) Establish the hay deficit during drought years in Kajiado Central County. 
2) Analyze the monetary costs and losses incurred by pastoralists due to lives-

tock migration in Kajiado Central County. 
3) Provide decision-makers with planning data for livestock animal feed (hay) 

needs for disaster response and drought resilience building under the cli-
mate-smart drought risk reduction strategy of Kajiado County. 

2. Materials and Methods 

Kajiado County is about 21,900 km2 and has five sub-counties with a population 
of 1,117,840, and the study was limited to two sub-counties in Kajiado Central 
with a population of 372,335 [5] and 584,643 livestock (95,534 cattle, 218,961 
sheep, and 270,148 goats) [6] (Figure 1).  
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Figure 1. Map of Kajiado central county. 

2.1. Knowledge, Attitude and Practice (KAP) Survey 

This study applied a cross-sectional non-experimental research design collecting 
data from 2005 to 2020. The study used a mixed-method approach of field sur-
vey and desktop literature review. Stratified random sampling was used to select 
354 livestock farmers interviewed using a structured knowledge, attitude and 
practice (KAP) survey questionnaire and semi-structured questions for the key 
informant interviews. Secondary data from published and unpublished records 
were used to complement the primary data. The study sampled respondents 
from Central Kajiado and Isinya sub-counties, including the municipalities of 
Kajiado town, Ngagateak, Namanga. The questionnaire was pre-tested in the 
field and modified accordingly. From the selected sub-counties, every fourth li-
vestock farmer was selected until the 354 livestock farmers were selected. 

2.2. Determining Drought versus Normal Years 

The survey asked the respondents to recall the worst drought years and compare 
them to normal years. Considering the long recall period that respondents were 
asked to compare normal and drought seasons of the past, the study triangulated 
their information with data from the National Drought Management Authority 
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(NDMA), 2009 Kenya National Bureau of Statistics for livestock, and 2019 Na-
tional housing and population census. This triangulation helped to compare 
animal migration patterns, livestock losses due to migration, changes in livestock 
prices and productivity caused by drought, water availability, animal health, li-
vestock death, sicknesses and associated causes. 

2.3. Determining Yearly Migration Costs 

Yearly migration cost estimates were arrived at by establishing the median val-
ues (median minimizes the errors brought about by inliers and outliers) of 
monthly costs incurred by herders during a dry season. These monthly migra-
tion costs were limited to permanent herders cost, temporary herders cost, secu-
rity cost, movement permits, grazing permits, rent for grazing land, water for 
animals, commercial feeds, veterinary fees, and other fees and confiscation fines. 
After estimating the monthly costs of migration for dry seasons, the number of 
dry seasons in each year was obtained from NDMA databases, upon which the 
yearly cost of migration was calculated. Similarly, Monthly migration costs were 
estimated for the normal years using the same procedure. The number of migra-
tion months was taken to be three [3] for normal years and three months of the 
severest period of a drought year to enable the yearly costs of migration esti-
mates to be compared between a normal and drought year. 

2.4. Econometric Model to Determine the Relationship between  
Livestock Losses and the Number of Bales of Hay Bought  

The relationship between livestock losses and the quantity of hay that far-
mers/pastoralists bought during drought seasons in Kajiado central was deter-
mined using the below econometric model: 

( )ƒL Hb=  

After constructing the model, we defined the equation and determined the 
sign of the independent variable, which was identified through research, theory 
and logical assumptions. Then, a linear regression using the ordinary least 
square (OLS) regression technique was run to determine how the magnitude of 
livestock losses during drought seasons influences pastoralists to buy hay in Ka-
jiado county. Microsoft Office 2016 (excel) data analysis ToolPak was used for 
the analysis. The test was done at a 95% confidence level, with a p-value, alpha = 
0.05.  

The regression model for analysis is therefore as follows: 

0 1L Hbβ β ε= + +  

( )ƒL Hb=  

where: 
L: Livestock losses during drought years in Kenya shillings (KES); 
Hb: Bales of hay bought by farmers (15 kg bale);  
β1: Regression beta coefficient that the model estimates in the study indicate 
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the effect of a unit change in the independent variable on the dependent variable; 
ε: Stochastic term/error term. 

3. Results  

The study looked at the correlation between drought years and normal rainfall 
years with the monetary loss’s pastoralists incurred whilst migrating their ani-
mal’s long distances in search of grazing grass and water. It is important to note 
that pastoralists migrate their animals annually, with the distances travelled de-
termined by availability of water and grass. In drought years, these distances in-
crease substantially. 

The survey established that the worst drought years over the past 15 years 
were 2005, 2007, 2009, 2015, and 2017. Over the same period, 2008, 2012, 2018, 
2019, and 2020 were normal years with good rains and short dry spells that did 
not cause drought-related livestock losses or depletion of pasture for grazing. 
The monthly costs incurred during the three months of migration included sala-
ries of permanent and temporary herders, security guards for herds, livestock 
movement permits, grazing permits, rent for grazing land from private lan-
downers, water for animals, commercial feeds, veterinary fees, and confiscation 
fines law enforcement, and other miscellaneous fees.  

3.1. Livestock Financial Losses Due to Drought Migration 

The monetary value of livestock losses due to drought-related causes, namely, 
starvation, wildlife predation, sickness, and distress selling, increased eleven-fold 
from the drought of 2005 compared to the drought of 2017, as shown in Figure 
2. Migration costs increased by 416% in drought years compared to normal 
years. Labour and grazing costs accounted for 74% of all migration costs, as 
shown in Figure 3. 
 

 
Figure 2. Livestock losses in KES due to drought. 
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Figure 3. Comparative cumulative costs of drought versus normal years from 2005 to 2020. 

3.2. Causes of Financial Livestock Losses during Drought  
Migration 

Death by starvation accounts for 35% and 42% of monetary losses in cattle and 
shoats, respectively. Distress selling was the second-highest, accounting for 35% 
to 46% of cattle and shoats’ monetary losses. Finally, wildlife predation accounts 
for 6% - 7% of losses as the study area is within the Amboseli National Park 
ecosystem (Figure 4 & Figure 5). 

3.3. Correlation between Feeding Options and Livestock  
Migration Losses from 2005 to 2017  

The 2017 drought recorded the highest financial at approximately KES 30M. As 
shown in Figure 6, hay purchasing increased from 13% in 2005 to 37% in 2017, 
while own-grown hay increased drastically from a low of 2% in 2005 to 21% in 
2017. Other forages as a feeding option averaged 28% from 2005 to 2017. The 
option of purchasing commercial feeds has dropped over the past 15 years. For 
instance, in 2005, commercial feeds accounted for 60% of the feeds used, drop-
ping to 35% in 2017.  

Most farmers preferred buying hay rather than growing their hay in both 
normal and drought years. Moreover, farmers preferred feeding their livestock 
with hay over commercial feeds during droughts. From 2015 to 2017, the prefe-
rence for feeding using purchased hay increased from 14% to 37%, respectively, 
compared to the 21% preference increase of feeding using own-grown hay. 
These low percentages show that farmers are still not growing enough hay for 
their own needs. This finding is similar to another study conducted in ASAL  
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Figure 4. Cattle losses in KES due to drought. 
 

 
Figure 5. Percentage sheep and goats losses due to drought. 
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Figure 6. Livestock feeding options during droughts. 

 

 
Figure 7. Correlation between feeding and livestock losses. 

 
decision to buy hay was triggered by the losses they incurred from the drought. 
However, this is only significant at a p-value (p < 0.005), n = 10. The remaining 
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in this model. 
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(Figure 9).  

-

100,000 

200,000 

300,000 

400,000 

500,000 

600,000 

700,000 

800,000 

2005 2007 2009 2015 2017

Fe
ed

 in
 K

gs

Feeding options during drought years

Hay bought kgs Hay -own grown kgs Commercial feed kgs Other forage(kgs)

Regression Statistics
Multiple R 0.9283
R Square 0.8617
Adjusted R Square 0.8444
Standard Error 3813156.5190
Observations 10.0000

Coefficients Standard Error t Stat P-value
Intercept 1418410.8873 1380476.7202 1.0275 0.3343

Hay bought (bales) 1628.8208 230.7116 7.0600 0.0001

https://doi.org/10.4236/as.2021.1210070


J. Kimaru et al. 
 

 

DOI: 10.4236/as.2021.1210070 1098 Agricultural Sciences 

 

 
Figure 8. Predicator of the severity of drought. 

 

 
Figure 9. Hay production from 2015-2019. 
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10). 
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Figure 10. Number of hay bales bought versus hay deficit. 

 

 
Figure 11. Hay production versus hay purchased against hay deficit. 
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Figure 12. A comparison between total livestock losses and hay deficits in a 3-month dry season. 
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deficit [3]. The study also highlights that hay demand is highest for only three 
months of the severe drought years. From a supply point of view, namely for hay 
production, meeting a market hay demand whose pattern is five years for every 
15 years, and within those five years, the demand is only for three months of the 
severest drought, which means that hay production at a commercial scale is un-
attractive for the private sector. The study found that the hay deficit remained 
around 67% for the last two drought years of 2015 and 2017. Although an im-
provement from the previous droughts of 2009, the private sector still has a rela-
tively low uptake of hay growing for commercial purposes. 

Supplying hay to livestock is a significant activity during drought while en-
couraging pastoralists to grow hay for their use and also commercially is a criti-
cal pillar in climate adaptation programs. Against the importance of encourag-
ing hay growing, it is the peculiar behavior of pastoralists who only buy hay 
during severe drought periods and only in the height of the drought—a period 
of about three months. Migration and free grazing of livestock is still the domi-
nant practice. For drought risk reduction planners, this is a significant correla-
tion. On the one hand, growing hay is being encouraged against a backdrop of 
low demand during normal and most drought years; however, on the other 
hand, is a very high demand for three months during severe droughts. So plan-
ners need to incentivize large commercial hay growers while encouraging pasto-
ralists to grow their hay for their use. 

Recommendations 

This study shows that there is still a very high hay deficit of approximately 67% 
in Kajiado County, and hay production is still below desired levels of standing at 
20% - 26% of requirements. Decision-makers need to take the result of this study 
and other studies around hay production to address the challenges that hay 
producers face that are limiting hay production. By supporting hay producers, 
the County will be directly supporting the livestock keepers during droughts. 
The private hay producers need to be supported in ASAL to increase their pro-
duction and meet the demand for hay in the drought years. The positive impact 
of having hay available during severe droughts in reducing livestock migration 
and the resource-based conflicts is well documented. However, the low demand 
for hay in normal years means hay producers are forced to hold their stock in 
storage for long awaiting a severe drought, leading to substantial economic 
losses on their part. As a resilience strategy, the hay production enterprise is still 
in its infancy stage and needs much support. The organic demand from pasto-
ralists for hay, albeit only during the peak of drought years, means that there is 
an opportunity to match demand and supply to create a viable hay enterprise. 
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