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Summary
Food consumption and production are increasingly becoming delinked due to enhanced agricultural
productivity that has generated production surpluses in production areas and the globalization of trade.
The environmental impact of food consumption is thus increasingly indirect, i.e. not immediately in the
same place as in which the consumption takes place. Another development is the increasing fraction of
animal source foods in the diet of people, adding to the indirect environmental impacts of consumption
because the environmental footprint of animal products is generally larger than the footprint of the crop
products they replace. This is particularly relevant in developing countries where the consumption of meat
and milk is growing more rapid than in developed countries. The objective of this thesis is to explore the
historic, current and future consumption and production patterns of meat and milk in Kenya and link this
to an assessment of the associated water and land footprints. The research has been set-up in four
subsequent studies. The first study assesses the historical trend in the water and land footprints of meat
and milk production in Kenya. The second study explores the potential to meet the projected increase in
demand for livestock products within the environmental boundaries. In the third study we assess the
historical trends in the water footprint of meat and milk consumption in Nairobi, a rapidly growing
megacity. In the fourth study we assess the future water and land footprints within a food self-sufficiency
perspective. Below is a summary of the main findings of the study.
Past and current water and land footprints of meat and milk production. Global consumption of livestock
products is increasing steadily due to population growth, poverty reduction and dietary changes, raising
the demand for already scarce freshwater and land resources. We analyse the changes associated with
direct and indirect use of freshwater and land for meat and milk production in three production systems
in Kenya between the 1980s and 2000s. Two resource use indicators are used; the water footprint
(m3/year) and land footprint (ha), to assess changes in freshwater and land use for cattle, goats, sheep
and camels in arid, semi-arid and humid production systems. The amounts of freshwater and land
resources used for production are determined mainly by production volumes and feed conversion
efficiencies. Green water and grazing land footprints dominated in all production systems due to the
predominance of indirect use of water to support forage production. The national average footprints per
unit of beef and milk show a modest decrease due to a relative shift of production to the more resourceefficient humid production system. We show that given the potential increase in demand for livestock
xiii

products and limited freshwater and land availability, feed conversion efficiencies should be the main
targeted improvement in livestock production and this can be achieved by rehabilitating degraded
rangelands, adopting improved breeds and application of appropriate feed composition.
Land footprint of meat and milk production under intensification. Increasing demands for meat and milk
in developing countries and the associated growth in production are driving the expansion of agriculture
at the expense of environmental conservation and other land uses. The second study of this thesis
presents and analyses land availability and land footprints of livestock intensification for five scenarios
representing various degrees of intensification of meat and milk production by cattle, sheep, goats and
camels in arid, semi-arid and humid production systems in Kenya. For each scenario, we quantify the
potential availability of grassland and cropland for meat and milk production by cattle, sheep, goats and
camel in the arid, semi-arid and humid production systems. The land footprint (ha) is used to assess
changes in land use associated with livestock production. Land availability and land footprints of livestock
intensification for five scenarios representing various degrees of intensification of meat and milk
production are analysed. The first three scenarios are defined by increasing levels of input and
management, ranging from low (scenario S1), intermediate (S2) to high (S3) input feed crop cultivation
and livestock production. Reference scenario S1 has production practices and output of meat and milk
similar to current production practices. Two additional scenarios, S4 and S5, explore opportunities for
lessening environmental pressure through reduction of the land footprint of meat and milk production.
We estimate that the potential increase in production from the reference scenario due to intensification
is 80% for milk and 113% for meat. The area of grazing land, as a percent of the total potentially available
grazing land, decreases from 10% to 6% as productivity increases from scenario S1 to S5. Cropland usage
increases from 4% in scenario S1 to 11% in S5. Reduced land demand indicates the possibility that
intensification may help reduce the pressure on land and hence promote environmental conservation.
Overall, the results suggest that it is possible to increase production to meet increasing demands for meat
and milk while also gaining land for environmental conservation through intensification.
Urban consumption of meat and milk and its green and blue water footprints – patterns in the 1980s
and 2000s for Nairobi, Kenya. Various studies show that the developing world experiences and will
continue to experience a rise in consumption of animal proteins, particularly in cities, as a result of
continued urbanization and income growth. Given the relatively large water footprint (WF) of animal
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products, this trend is likely to increase the pressure on already scarce water resources. We document the
changes between the 1980s and 2000s in consumption of meat and milk for three income classes in
Nairobi, the ratio of domestic production to imports, and the WF (the volume of freshwater consumed)
to produce these commodities in Kenya and abroad. Nairobi’s middle-income class grew much faster than
the overall population. In addition, milk consumption per capita by the middle-income group grew faster
than for the city’s population as a whole. Contrary to expectation, meat consumption per capita in Nairobi
declined by 11%. Nevertheless, total meat consumption increased by a factor 2.2 as a result of population
growth, whilst total milk consumption grew by a factor 5. As a result, the total WF of meat consumption
increased by a factor 2.3 and the total WF of milk consumption by a factor 4.2. The increase in milk
consumption was met by increased domestic production, whereas the growth in meat consumption was
partly met through imports and an enlargement of the footprint in the countries neighbouring Kenya. A
likely future rise in the consumption of meat and milk in Nairobi will further enlarge the city’s WF. Given
Kenya’s looming blue water scarcity, it is anticipated that this WF will increasingly spill over the borders
of the country. Accordingly, policies aimed at meeting the rise in demand for meat and milk should
consider the associated environmental constraints and the economic implications both nationally and
internationally.
The effect of increasing meat and milk consumption on the future growth of water and land footprints.
Population growth and rising affluence increase the demand for agricultural commodities, while
urbanization and globalization enlarge consumer-producer distances. The associated growth in trade in
agricultural products results in increasing dependence on natural resources in the producing regions. This
study assesses the impact of changing meat and milk consumption on natural resources use in Kenya,
considering two socio-economic development scenarios, namely the Business As Usual (BAU) and Kenya
Vision 2030 (S2030) scenarios. Two resource use indicators, water footprint and land footprint, are used
to represent human appropriation of water and land resources for meat and milk production, trade and
consumption in 2030. Overall meat and milk production and consumption are projected to be higher in
the S2030 than in the BAU scenario. The fraction of imported meat in total meat consumption is expected
to grow between 2009 and 2030 from 37% to 45% in both scenarios. The fraction of imported milk in total
milk consumption will remain at 13% in the S2030 scenario but grow towards 20% in the BAU scenario.
From 2009 to 2030, the water and land footprints of meat production will grow by 93% and 91% in BAU
and by 45% and 23% in S2030. The water and land footprints of milk production will both grow by 59% in
xv

BAU and by 18% and 14% in S2030. The use of water and land for producing meat and milk in Kenya will
thus grow under both scenarios, but less in S2030 than in BAU, despite the stronger growth of meat and
milk consumption per capita in S2030, which can be explained by the smaller population growth in the
S2030 scenario and the greater improvements in water and land productivities. The Vision 2030 strategy
for improving livestock production in Kenya is of great importance to reduce the speed with which the
environmental footprint of the sector will increase, but it will be insufficient to stabilize or even reduce
the sector’s footprint. Besides, reducing the dependency on foreign land and water resources would
require a yet more ambitious policy.
To conclude, there is a large potential to increase productivity in Kenya through sustainable
intensification. However, it is important to note the non-uniformity in the potential to increase
productivity. Across three systems, severe historic declines in productivity in the arid and semi-arid
systems but a concurrent increase in productivity in the intensifying humid system have been
demonstrated. Though there are generic proposals for further productivity improvements, they do not
explicitly address the non-uniformity and expected results still fall short of sustainably meeting the
projected increased demand for animal source foods.

xvi

1

Introduction

Fresh water and bioproductive land are two natural resources necessary for sustaining human
consumptive demand. Over the years, it has become apparent that the depletion of these resources to
meet growing human demand, as evidenced by incidences of groundwater depletion, soil loss, drying up
of fresh water bodies and land degradation, may become unsustainable if no interventions are put in place
(Chertow 2000, Bac et al. 2011). These outcomes point to a breach of the planetary boundaries set by the
limited availability of natural resources (Steffen et al. 2015). This has been brought about by socioeconomic factors such as population growth, urbanization, economic growth, changes in consumption
patterns, and land use changes. These factors determine the rate and trajectory of human appropriation
of natural capital, fresh water and bioproductive land (Rockström et al. 2010).
Urbanization and income growth have been associated with dietary changes that, in turn, increase the
pressure on the environment, because wealth increases allow for purchase of more food per capita and
dietary preferences shift towards commodities with greater per unit impact on the environment (van der
Zijpp 1999, Delgado 2003, Mekonnen and Hoekstra 2012). The developing world is projected to consume
about 63% of the total meat consumed globally by the year 2020 and about eight times more milk than in
developed countries (Delgado 2003, Msangi and Rosegrant 2012). Despite the increased consumption of
these foods, an increase that should improve the quality of diets, the level of malnutrition in the
developing countries is still quite high (Neumann et al. 2002, Randolph et al. 2007, Gómez et al. 2013).
For many developing countries, the causes of food insecurity vary but are mainly due to a variety of factors
and their interactions. These include human population growth, a colonial legacy of agricultural policies
that pay more attention to large-scale export crops at the expense of self-sufficiency and supplying
national demand by smallholder farmers, market distortions created by the successful subsidized
agricultural sectors in the developed world, and globalization of trade (Hall 2000, Herrero et al. 2010b).
Increasing demands are met through improvements in agricultural productivity and other technological
advances that enhance human exploitation of natural capital (Boserup 1993, Thornton 2010). These
changes in agricultural productivity can lead to either positive outcomes such as landscapes and basins
with both economic and ecological value or result in land degradation and groundwater depletion or
impoverished ecosystem, which, in turn, will determine the sustainability of human consumption (Foley
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et al. 2011). In many agricultural systems in developing countries, productivity is still very low (Bruinsma
2003), showing particularly in low efficiency of using land and water resources. The potential to increase
the water and land productivities in these regions through improved crop and livestock yields is large
(Falkenmark et al. 2009, Herrero et al. 2010b, Erb et al. 2012). The combination of unsustainable
consumption and inefficient production points to the need for a second green revolution, especially for
sub-Saharan Africa, so as to meet the requirements of sustainable agricultural production: food security
and poverty alleviation in the developing regions that are currently still lagging behind (Dawson et al.
2016).
As demand increases and the available freshwater and land within regions and countries is no longer
sufficient to meet increasing demand, trade becomes an important means to meet the gap associated
with the supply deficit (Folke et al. 1997, Hoekstra and Chapagain 2008, Erb et al. 2009a, Hubacek et al.
2009). As trade increases in importance, consumers become delinked from the impact they have on the
areas that supply the products they consume (Seto et al. 2012). Given the increased pressure on the
environment due to human demand for resource intensive products such as meat and milk, there is a
need to create better understanding and awareness of the link between consumption and production. In
order to highlight and monitor human impacts, there is a need for development of assessment methods
that illustrate the levels of appropriation and possible impacts attributable to activities geared towards
meeting human demand (Rees and Wackernagel 1996, Hoekstra and Hung 2002). Water and land
footprints are well developed indicators to highlight the use of freshwater and biologically productive land
associated with production and consumption patterns (Hoekstra 2009, Wackernagel 2009). In addition,
they are useful tools in communicating complex sustainability problems to a wide and diverse audience.
1.1

Objective of the thesis

The objective of this thesis is to estimate the historic, current and future water and land footprints of
meat and milk consumption and production in Kenya. The focus in this thesis is on ruminant meat and
milk production and consumption.
The objective is achieved through carrying out four studies. The first study analyses changes associated
with production of meat and milk in Kenya between 1980 and 2012. This sets the backdrop on which the
historical and current water and land footprints of meat and milk production in Kenya are assessed. In the
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second study, the potential for increased production in Kenya and the associated land footprint is
assessed. This study aims to answer questions on the capacity of domestic livestock production to meet
the projected increase in demand for meat and milk in Kenya and at the same time mitigate pressure on
the environment. The third study aims to meet the objective of understanding meat and milk consumption
in Kenya and the associated water footprint over a similar period as the first study. This objective is met
through looking at a case study of the capital Nairobi. Nairobi is considered to be representative of the
various population segments in Kenya and their associated dietary patterns and therefore appropriate in
giving an overview of Kenya’s water footprint historically. Additionally, the richness of data for Nairobi
facilitates drawing conclusions on changes associated with population and urban growth. In the fourth
study, possible future water and land footprints of Kenya are assessed. This fourth study assesses the
impacts of absence or implementation of newly planned policies on production and consumption on
future food security prospects for Kenya. This allows for an assessment of the implications of production
and consumption outcomes on water and land use in the future.
1.2
1.2.1

Innovative aspects of the thesis
Meeting increased consumptive demand through changes in agricultural productivity

Advancing urbanization, growth in human population and sustained economic growth are the main
contributing factors to rising food requirements and a change in dietary preferences towards more
livestock intensive diets (van der Zijpp 1999, Ndambi et al. 2007, Msangi and Rosegrant 2012). Though
many studies have focused on these factors and how diets are projected to change, few studies have
assessed the link between these dietary changes and the demand they impose on natural resources
(Hoekstra 2014). In this thesis, we assess the changes in consumption of meat and milk in Kenya and
present estimates of the associated changes in the amounts of freshwater and land required to produce
these commodities. The possibility to lower the water and land footprints associated with a particular
consumption pattern through improvements in livestock productivity is demonstrated by differential
patterns in these indicators under different scenarios.
1.2.2

Composite indicators for assessing water and land use

The use of indicators of resource appropriation, such as water, ecological and carbon footprints, in
isolation has led some authors to question their usefulness (Fiala 2008, Vanham and Bidoglio 2013).
3

Analyses that use multiple indicators may enhance their effectiveness in sharpening our understanding of
resource use dynamics and possible trade-offs (Hoekstra and Wiedmann 2014). The water footprint is an
indicator of water use in relation to the production of consumer goods and is expressed in terms of the
water volume evaporated or polluted (Hoekstra et al. 2011). The water footprint is composed of three
components: green, blue and grey (Chapagain and Hoekstra 2003). These components of the water
footprint are used to indicate both spatial and temporal uses of water and compare these to freshwater
availability (Falkenmark et al. 2009, Hoekstra et al. 2012). The consumption, production and trade in
various products and their associated demand for freshwater resources are spatially and temporally
articulated by their respective water footprints (Hoekstra and Chapagain 2008, van Oel et al. 2009,
Hoekstra and Mekonnen 2012). The land footprint assesses the ‘actual land used’ for producing consumer
goods and services and is an indicator of human appropriation of biologically productive land, differing
slightly from the ecological footprint by estimating actual hectares (ha) instead of normalised ‘global
hectares’ (gha) (van Vuuren and Smeets 2000, Erb 2004, Wackernagel et al. 2004). The importance of the
disaggregation into a cropland footprint and the grazing land footprint is the usefulness in clearly
interpreting outcomes of consumption, production and trade on land availability and interactions with
competing claims (Erb et al. 2009a, Kastner et al. 2015). In this thesis, the two indicators are considered
both to assess the added value of combining resource use indicators.
1.2.3

Spatially disaggregated analysis of water and land use

Consumption and production of livestock products and the associated water and land footprints are
assessed at disaggregated levels. Consumption is assessed at a scale that allows an assessment of the
implication of income on the water and land footprint. Production is assessed at a scale that allows for
the analysis of the differences associated with policy and practice in livestock production to be assessed.
Additionally, livestock production is also practiced along a wide gradient of agro-ecological zones and
therefore, it is important to clearly distinguish production systems. This is done here to allow for a more
in-depth assessment of spatially disaggregated water and land use for livestock production.
1.3

Organization of the thesis

The thesis starts with a historical analysis of the water and land footprints of meat and milk production in
Kenya in chapter 2. The water and land footprints are presented for three of the dominant ruminant
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species; cattle, sheep and goats and camels. National water and land footprint of meat and milk is further
disaggregated into three production systems: based in the arid, semi-arid and humid environment
respectively. The analysis for these species and in the production systems is carried out for two periods
spanning 30 years. The value of using a composite indicator to assess resource use is also tested in this
chapter.
The third chapter explores the potential to improve meat and milk production in Kenya. Five
intensification scenarios are developed, using a set of assumptions relating to land availability for livestock
production and the potential production of meat and milk by cattle, shoats and camels in three production
systems. From chapter 2 eight factors that determine the production potential for meat and milk in the
five scenarios are selected: 1) types of land used, 2) feed composition, 3) land productivity, 4) feed
conversion efficiency, 5) livestock productivity, 6) ratios of the different livestock species, 7) livestock
breeds, and 8) ratios of meat and milk produced. The land footprint associated with the alternative
improvements of meat and milk production is also assessed. The potential land saving from improved
productivity under three scenarios is outlined and linked to the increased production.
Chapter 4 quantifies the total amount of meat and milk consumed overall in Kenya and then focuses on
the consumption associated with Nairobi residents. Environmental pressure linked to consumption is
assessed based on whether the consumed livestock products are domestic or foreign in origin. This
chapter also compares the consumption patterns for the 1980s and 2000s to establish temporal changes.
The water footprints associated with the meat and milk consumption in the city are contextualized in
terms of their domestic and foreign components. By this analysis, we show the dependence of Nairobi on
foreign water resources and what this implies in terms of reliance on imports. A comparison between the
blue water use for livestock production and the blue water scarcity in Kenya’s three production systems
is also assessed. This gives an indication of the sustainability of consumption of meat and milk in Kenya.
In the fifth chapter, two water footprint and land footprint scenarios are developed: a Business as Usual
scenario and a scenario based on Kenya’s development strategy to the year 2030. The three divers of
change in the scenarios are: i) population changes, ii) production of meat and milk, and iii) consumption
of meat and milk. By comparing consumption and production and assessing the future needed changes in
the virtual water and land imports for meat and milk in Kenya, this chapter is able to make conclusions on
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the likely future food security outcomes for Kenya. The final chapter concludes the thesis and highlights
the main findings and recommendations.

6

2

Trends and spatial variation in water and land footprints of meat and milk
production systems in Kenya1

Abstract
Global consumption of livestock products is increasing steadily due to human population growth, poverty
reduction and dietary changes raising the demand for already scarce freshwater and land resources. Here,
we analyse the changes associated with direct and indirect use of freshwater and land for meat and milk
production in three production systems in Kenya between the 1980s and 2000s. We use two resource use
indicators, the water footprint (m3/year) and land footprint (ha), to assess changes in freshwater and land
use for cattle, goats, sheep and camels in arid, semi-arid and humid production systems. We estimate
actual water and land use using Kenya-wide data for yields, feed composition and feed conversion
efficiencies. Our results show that the amounts of freshwater and land resources used for production are
determined mainly by production volumes and feed conversion efficiencies. Total water and land
footprints of milk production increased for goats, sheep and camels but decreased by half for cattle in arid
and semi-arid production systems, in correspondence with similar changes in the total numbers of each
livestock species. Green water and grazing land footprints dominated in all production systems due to the
predominance of indirect use of water to support forage production. The per unit meat footprint for cattle
increased significantly between the 1980s and 2000s in all production systems, due to adverse trends in
feed conversion efficiency, while changes in the water and land footprints of other animal products were
small, due to modest changes in all influencing factors. In contrast, national average footprints per unit of
beef and milk show a modest decrease due to a relative shift of production to the more resource-efficient
humid production system. Given the potential increase in demand for livestock products and limited

1

Published as Bosire et al. (2015)
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freshwater and land availability, feed conversion efficiencies should be improved by rehabilitating
degraded rangelands, adopting improved breeds and using appropriate feed composition.

2.1

Introduction

Depletion of natural resources by humans, particularly for food production, is widely recognized as a
significant threat to the sustainability of consumption (Chertow 2000, Bac et al. 2011). Growing resource
use intensities have led to groundwater depletion, soil loss, drying up of fresh water reserves and land
degradation globally (Meyer and Turner 1994, Campbell et al. 2005, Oago and Odada 2007). Despite the
mounting physical evidence of environmental degradation, the relation between consumption in specific
regions and its impact on the environment in the production areas is usually not well recognised and
quantified. Attempts to bridge this knowledge gap has motivated the development of various resource
use indicators, such as the water and ecological footprints (Rees and Wackernagel 1996, Hoekstra and
Hung 2002).
The water footprint is an indicator of water use in relation to the production of consumer goods and is
expressed in terms of the water volume evaporated or polluted (Hoekstra et al. 2011). A water footprint
is composed of three components: the green, blue, and grey water footprints. The green water footprint
refers to the consumptive use of rainwater from lands used for crop production or grazing, while the blue
water footprint refers to the consumptive use of water from rivers, lakes, wetlands and aquifers.
Consumptive water use refers to both the volume of water that evaporates and returns to the same
catchment or to the sea and that which is incorporated into pasture and crops. The green water footprint
is relevant in both rain-fed and irrigated agriculture, while the blue water footprint refers to water
consumption in irrigated agriculture as well as in households and industries. The grey water footprint is
an indicator of water pollution and refers to the volume of water that is required to assimilate pollutants
such as fertilizers, in mainly industrial production systems, in order to meet water quality standards. The
water footprint of a live animal consists of two components: the direct water footprint related to the
drinking water and service water consumed and the indirect water footprint of the feed (Chapagain and
Hoekstra 2003). The land footprint is defined here as the ‘actual land used’ for producing consumer goods
and services (Erb 2004). We distinguished between two components: the cropland footprint and the

8

grazing land footprint. The land footprint is similar to the more widely known ecological footprint and only
differs in its representation of land use in terms of actual hectares (ha) instead of normalised ‘global
hectares’ (gha) (van Vuuren and Smeets 2000, Wackernagel et al. 2004). Land appropriation is typically
measured across five distinct land use types: cropland, grazing land, fishing ground, forest land, and builtup land.
The use of these indicators in isolation has led some authors to question their usefulness (Fiala 2008,
Vanham and Bidoglio 2013). This criticism can be addressed by assessing both indicators rather than just
one of them. Only few studies have so far combined the water and ecological or land footprints (Hubacek
et al. 2009, Ewing et al. 2012). Yet, analyses employing such a combination may enhance their
effectiveness in sharpening our understanding of resource use dynamics and possible trade-offs (Hoekstra
and Wiedmann 2014).
The footprint indicators have been applied at various spatial and temporal scales to quantify the demand
exerted by humans on natural resources (Wackernagel et al. 1999, Monfreda et al. 2004, Moran et al.
2008, Chapagain and Hoekstra 2011, McMichael and Butler 2011, Mekonnen and Hoekstra 2011b). These
studies aim to uncover the indirect effect of consumers on the environment. Though thorough, these
studies often only provide general overviews of human appropriation of freshwater and land, and only a
few account for the local heterogeneity inherent in resource utilization (Ridoutt et al. 2011) and consider
the changes over time in water and land footprints per unit of production (Zoumides et al. 2014).
In Kenya, meat and milk production shows spatial variation driven principally by climate related
agricultural production potential and associated land use. Market-oriented milk production primarily
occurs in high altitude areas, usually classified as the humid production system (Ngigi 2005). The latter
production system constitutes the main dairy production areas in Kenya, where production is mainly by
smallholder dairy farms and market oriented. The dairy herds comprise mainly exotic-local breed crosses
and the feeding system is largely cut-and-carry and dominated by the use of Napier grass (Pennisetum
purpureum) (Thorpe et al. 2000, FAO 2005). On the other hand are the arid and semi-arid lands production
systems in which about 70% of livestock is reared and where the main feeding system is extensive grazing.
The production in these systems is mainly for subsistence, with milk supply being the prime production
objective. Even so, cattle offtake for beef marketing still accounts for a large proportion of total output in
these systems (Grandin 1988, Aklilu et al. 2002, Onono et al. 2013). About 22% of the cattle offtake within
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this system relates to imported cattle from neighbouring countries (Behnke and Muthami 2011).
However, increasing water scarcity and changing land tenure arrangements in these systems progressively
hinder optimal use of the expansive land resources available in these pastoral production systems. So far,
there has not been any study focusing on the spatial variation in the use of freshwater and land across
these production systems in Kenya.
The expected change over time is intensification in both meat and milk production, a common outcome
of interventions aimed at integrating rural within national economies. In Kenya, cattle breeding
programmes initially focused on improving beef cattle to meet rising demands for beef under the Kenya
Beef Industry Development Project (Kosgey et al. 2011). This involved crossing the indigenous Zebu or
Boran cattle with the exotic Simmental, the dual purpose Sahiwal and improved Boran breeds. After
Independence in 1963, most of these programs broke down or were abandoned and emphasis shifted to
smallholder dairy production in the humid areas. This involved cross-breeding the exotic Friesian,
Ayrshire, Guernsey and Jersey breeds with the indigenous cattle breeds, thereby increasing - the milk
yields of the latter breeds in the humid systems. The intensification of production necessitated by the
improved breeds usually entails the use of elevated levels of input, putting greater strain on the available
natural resources (Erb 2004). Given the prevailing scarcity of resources, the increasing demand for
livestock products and the drive for intensification, especially in developing countries, there is
undoubtedly a need for increased efficiency in resource use. An assessment of the changes in efficiency
of production practices undertaken to meet the growing demands in these systems is thus an essential
first step in designing strategies for improving their efficiencies.
In this paper we use the water and land footprint indicators to explore spatial and temporal changes in
the use of freshwater and land resources for meat and milk production in Kenya. We also assess the
factors constraining efficiency across the production systems between two periods, 1980s and 2000s. We
then outline how production parameters govern the use of freshwater and land resources and, finally,
make recommendations on ways to improve efficiency in water and land use.

2.2

Methods and data
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Our analysis proceeds in four phases. As Kenyan production systems can be divided into distinct
geographical zones in terms of agro-ecological characteristics, the main livestock product, the scale of
production and husbandry technique, we first delineate the various production systems in Kenya.
Secondly, we estimate the number of animals and the volumes of meat and milk production in each of
the production systems. The third stage involves the assignment of feed estimates to the various livestock
species within the various production systems. Finally, we determine the water and land footprints of
meat and milk production per production system in the 1980s (1977-1990) and 2000s (2001-2012), and
analyse the changes that have occurred over this period.
2.2.1

Characterizing the production systems

Robinson et al. (2011) give a literature overview of different classification schemes of livestock production
systems. In this study, we distinguish three broad categories based on a combination of agro-ecological
factors and production patterns (Pratt and Gwynne 1977, Grandin 1988, Rege 2001): humid, semi-arid
and arid production systems.
Humid production systems are located in areas receiving an average rainfall exceeding 800 mm, have soils
of high fertility and hence high potential for biomass production and modest pest and disease problems.
In Kenya, this category covers the areas in Central Kenya, the Central Rift Valley to Western Kenya and
most of the Coastal strip (Ouma et al. 2000). The semi-arid production system has an average annual
rainfall between 600 and 800 mm, a medium potential for biomass production and livestock production
is hindered by the prevalence of trypanosomiasis. The areas covered by this production system are located
in parts of Southern and Eastern Kenya, areas neighbouring the humid production systems to the north
and south and the coastal strip. The last system, the arid production system, has an average annual rainfall
of less than 600 mm, a low potential for biomass production and livestock production is hindered by the
prevalence of various diseases (Grandin 1988, De Leeuw and Rey 1995, Ndambi et al. 2007). Biomass
production varies greatly across the systems from 25kg/ha in the humid systems to as low as 8kg/ha in
the arid system (Ouda 2001). Per production system, we identified the areas within Kenya where the
system occurs and collected relevant data, such as livestock densities, production estimates and diets.
2.2.2

Livestock numbers in each production system
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Livestock densities in the arid and semi-arid production systems were estimated from the aerial survey
monitoring data collected by the Kenya Directorate of Resource Surveys and Remote Sensing (DRDRS)
covering 1977 to 2012 as part of an ongoing Kenya-wide rangeland monitoring program, described
previously by (Norton-Griffiths 1975, Ottichilo et al. 2000). Flight transects were oriented in an east-west
or north-south direction depending on the terrain. The altitude of the survey flights averaged about 120
m above the ground. Two experienced and well trained rear seat observers count animals located
between the rods attached to the wing struts of the airplane. Groups of more than 10 animals were
photographed and later counted using an overhead projector.
DRSRS has conducted more than 272 aerial surveys in 22 administrative counties of Kenya that fall within
the arid and semi-arid regions. The surveys cover some 437,000km2. We obtain the net area of 437,000
km2 by deducting 75,000 km2 designated as protected areas in which livestock access is explicitly
prohibited from the total area survey by DRSRS of 512,000 km2 (Bertzky et al. 2012).
Population estimates were calculated using Jolly's Method 2 (Jolly 1969). Population size estimates and
the density (number / km2) of each livestock species were averaged per grid cell (5 by 5 km2) over the two
time periods spanning 1977-1990 (1980s) and 2001-2012 (2000s) in order to minimize the stochastic
variation in the individual survey counts.
For the humid production system, a dataset on dairy production in the Kenyan highlands collected in 2005
and considered representative of intensive smallholder dairy production was used (Waithaka et al. 2006).
We derived the 1980s livestock estimates using proportional contribution to total livestock numbers by
each production system from Behnke and Muthami (2011). To ensure consistency in reporting of outputs
per unit area, the Geographic Information System (GIS) spatial layers of the production system and
smallholder dairy were overlaid to extract data on the numbers of dairy cows in the production system in
2005. To estimate the number of dairy cows in the herd for both datasets, the dominant breeds of cattle
and milk production for each of the three production systems, all the parameters defining herd
composition and milk output per breed were extracted from the literature (De Leeuw and Wilson 1987,
Staal et al. 2001, Bebe et al. 2003, Bouwman et al. 2005, Ngigi 2005).
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Source:

Arid
1980s
3,126
41,510
18
0.09
155
6
127
404
462
4.8
12
2000s
1,894
41,510
11
0.1
175
6
76
404
328
4.6
12

Cattle
Semi-arid
1980s
1,757
8,370
53
0.09
155
10
127
405
462
4.8
10
2000s
1,735
8,370
52
0.1
175
10
76
405
328
4.6
10

Humid
1980s
2,093a
7,210
73
0.079
54
10
152
546
662
3.4
10
2000s
1,638
7,210
57
0.079
56
10
247
546
1055
3.1
10

Arid
1980s
6,800
41,510
41
0.26
24
3
13
404
69
0.33
3
2000s
7,324
41,510
44
0.25
27
3
12
404
69
0.33
3

Livestock type
Shoats
Semi-arid
1980s
2000s
1,743
2,209
8,370
8,370
52
66
0.26
0.25
24
27
3
3
13
12
5
40
405
69
69
0.33
0.33
3
3
1980s
1,056b
7,210
37
0.33
23
3
9
405
0
0.33
3

Humid
2000s
1,178c
7,210
41
0.3
24
3
12
405
0
0.33
3
1980s
718
41,510
4
0.017
100
6
233.4
42
547
6.47
10

Arid
2000s
685
41,510
4
0.017
100
6
233.4
42
547
6.47
10

Camel
Semi-arid
1980s
2000s
7
9
8,370
8,370
0.2
0.3
0.017
0.017
100
100
6
6
233.4
233.4
42
42
547
547
7
6.4
6.47
10
10

Humid
1980s
2000s
0
0
7,210
7,210
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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of Resource Surveys and Remote Sensing (DRSRS) 1a, b and c derived from DRSRS data as proportions of the total population in a given period from Behnke and Muthami (2011).
maps of production system, 3Bouwman, Van der Hoek et al. (2005), 4De Leeuw and Wilson (1987), 5Behnke and Muthami (2011), 6Staal, Owango et al. (2001), 7Hashi, Kamoun et al.
(1995)
*1 TLU = 250Kg

2GIS

1Department

Production System
Period
Average number ('000s)1
Area of production system (ha)2
Average density (TLU*/ha)
Offtake rate (%/yr)3
FCEmeat (kg feed DM /kg meat)3
Average lifetime (yr)
Carcass yield (kg/animal) 3
Proportion of dairy cattle (% )
Milk yield (kg/year/animal) 3
FCEmilk (kg feed DM /kg milk)3
Average lifetime (yr)

Parameters

Table 1: Parameters used to calculate annual production in three Kenyan production systems

2.2.3

Estimating the total annual production of animal products

Various parameters from published studies and grey literature were used to estimate both meat and milk
production in each of the three production systems (Table 1). The data were then used to quantify the
products, the output of each product per animal and per unit of land area. We assume that there is no
milk production by sheep and goats (lumped together during aerial surveys and referred to as ‘shoats’
throughout this paper) in the humid production systems.
The total annual production of meat in each production system was then calculated as follows. The meat
production ( Pmeat>a , s @ , ton/yr) per animal in category a (beef cattle, camel, sheep and goat) in production
system s (arid, semiarid, humid) is estimated by multiplying the carcass yield per slaughtered animal (

> @

CY >a, s@ ) by the annual number of animals slaughtered ( SA a, s ):

Pmeat>a,s @

CY >a, s@ u SA>a, s@

(1)

The carcass yields for cattle and shoats were obtained from Bouwman et al. (2005).
The number of animals slaughtered in each production system was calculated by multiplying the total
animal numbers Pop>a, s @ by the net offtake rate OR>a, s @ :

SA>a ,s @

Pop>a, s@ u OR>a, s@

(2)

Data on offtake rates was applied as a net offtake rate following Bouwman et al. (2005).
Total annual milk production (tonne) per animal for each production system was calculated as follows:
Pmilk >a, s@ MY >a, s@u DC>a, s@

(3)

where Pmilk represents the production of milk per cow or shoat in production system s, MY >a, s@ (kg) is the
milk yield per dairy cow in each production system and DC >a, s@ is the number of dairy cows in each
production system, resulting from the total number of cows and the proportion of lactating cows from
14

Table 1. The yield estimate is derived by assigning the yield attributed to the predominant breed i.e. Zebu,
crossbreed or exotic, as the milk yield estimate within a specific production system (King 1983, Rege 2001,
Staal et al. 2001, Ngigi 2005).

2.2.4

Volume and composition of feeds

The diet of livestock in Kenya varies widely and depending on the agro-ecology as well as the type and
level of intensification of the production system (Owen et al. 2004). To estimate the spatial distribution
of feed demand, a method that allows the prediction of daily feed intake by using information on diet
composition and quality, feed conversion efficiency and milk and/or meat production was employed. The
estimation of quantities of feed, feed composition, sources of feed and feed yields per unit area within
each production system was made by combining parameters from the literature (Tables 1, 2), with the
estimates of livestock numbers in (Table 1).
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Source:

Production system and livestock species
Cattle
Arid
Semi-arid
Humid
1980s 2000s 1980s 2000s 1980s 2000s
100
100
100
99
82
79
0
0
0
0
6
9
0
0
0
1
12
12
0
0
0
0
0.04
0.04
Arid
1980s 2000s
100
100
0
0
0
0
0
0

Shoats
Semi-arid
1980s 2000s
100
100
0
0
0
0
0
0
Humid
1980s 2000s
98
98
0
0
2
2
0
0
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East Africa Dairy Development Project Report 2010 (ILRI 2010) and Ben Lukuyu (Pers.com). Where “0 “represents no feed of that category in the diet.

Parameters
Livestock type
Production system
Time frame
Pasture (%)
Forages (%)
Crop residues (%)
Compounded and
supplement feeds (%)
1980s
0
100
0
0

Table 2: Feed composition for cattle, shoats and camel in three Kenyan production systems in the 1980s and 2000s

Arid
2000s
0
100
0
0
1980s
0
100
0
0

Camel
Semi-arid
2000s
0
100
0
0

1980s
0
0
0
0

Humid
2000s
0
0
0
0

To estimate the feed volume in each system, a relationship linking the feed conversion factor of the
production system to the product output was developed (Greer and Thorbecke 1986):

Feed >a,s @

FCE>a,s @ u P>a,s @

(4)

Feed >a , s @ (ton/yr) is the total amount of feed consumed by an animal in category a in production system
s, FCE>a , s @ is the feed conversion efficiency (kg dry mass of feed/ kg product) for animal

a in production

a

system

s and P>a ,s @

system

s . The feed conversion efficiencies for the 1980s and 2000s were taken from Bouwman et al.

(kg/yr) is the amount of product (milk, meat) produced by animal

in production

(2005) and represent aggregate values.
We distinguish the feeds into four classes: (i) pasture, which includes hay and silage; (ii) planted forage;
(iii) crop residues; and (iv) compounded feed and supplements. The feed composition in the humid system
for cattle, which focuses on dairy, was obtained from studies carried out at six sites within the East African
Dairy Development project that estimated feed composition in this production system (ILRI 2010). For the
pastoral systems – arid and semi-arid - we assumed that livestock diet is derived solely from natural
grazing resources for the 1980s. In the semi-arid production system feed composition for the 2000s, we
assume a proportion of crop residue in the diet. In-depth analysis of the dietary composition was not
possible due to the large area covered in this study and the broad array of plant forage species, both of
which complicate collection of reliable information on the species composition of the forage plants.
2.3
2.3.1

Water and land footprints calculations
Water footprints of livestock products

For beef cattle, the calculation of water footprint is most useful when an animal is considered at the end
of its lifetime, because it is this total that will be allocated to the various resulting products (e.g. meat,
leather). For dairy cattle, it is most straightforward to look at the water footprint of the animal per year,
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averaged over its lifetime, because one can easily relate this annual animal water footprint to its average
annual milk production (Mekonnen and Hoekstra 2010b). Therefore, the water footprint of an animal can
be expressed in terms of m3/yr/animal, or, when summed over the lifetime of the animal, in terms of
m3/animal. The water footprint of an animal can thus be expressed as:

WF >a, s@ WFfeed >a, s@  WFdrink>a, s@  WFserv >a, s@

(5)

where WFfeed >a, s@ , WFdrink>a, s@ and WFserv >a, s@ represent the water footprint of an animal in category a
in production system s, related to feed, drinking water and service water consumption, respectively; the
feed water footprint generally dominates the other components by far. Service water refers to the water
used for cleaning the area occupied by the animals, washing the animal and carrying out other services
necessary to maintain the environment. The water footprint for drinking and servicing estimates were
taken from Mekonnen and Hoekstra (2010b).

2.3.2

Estimating the water footprint of feed WFfeed

The water footprint of an animal related to the feed consumed consists of two parts: (i) the water footprint
of the various feed ingredients; and (ii) the water that is used to mix the feed ingredients:

WFfeed >a, s @

n

¦ Feed >a, s, p@u WF > p@
*
prod

 WFmixing >a, s @

(6)

p 1

where Feed >a, s, p@ is the annual amount of feed ingredient p consumed by an animal in category a in
production system s (tonne/yr) and WFmixing >a, s@ is the volume of water consumed by mixing the feed for
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*
an animal in category a in production system s (m3/yr/animal). WFprod
> p@ is the average water footprint

of the various crops, roughages and crop by-products p (m3/ton) weighted over the production locations.
All other categories of feed than supplemental and compounded feed are assumed to be produced and
consumed within the production system. Supplemental and compounded feed was further characterised
as consisting of maize as the main cereal. Given that maize in Kenya originates from both domestic and
foreign (imported) sources, we use an average value that is weighted by the relative proportions of
domestic production and imports (Mekonnen and Hoekstra 2011b).

*
prod

WF

> p@

P > p @WFprod > p @  ¦VWI > p @
ne

P > p @¦ Pne

(7)

ne

where WFprod > p@ (m3/tonne) is the water footprint of feed product p produced in Kenya, VWI > p@
(m3/tonne) the virtual water import of product p from the feed exporting nation ne , P > p @ the quantity
of feed product p in Kenya (tonne/yr) and Pne the quantity of the imported feed product p from the
exporting country

2.3.3

ne

(tonne/yr).

The water footprint of feed ingredients

*
The water footprints of the various crops, roughages and crop by-products ( WFprod
> p@ , m3/ton) that are

eaten by cattle and shoats have been calculated following the method of Hoekstra and Chapagain (2008).
The water footprints of feed crops were estimated using a crop water use model that estimates crop water
footprints at a 5 x 5 arc minute spatial resolution globally (Mekonnen and Hoekstra 2011b) and aggregated
to the scale of the three previously described Kenyan production systems. Grey water footprints were
estimated by considering only leaching and runoff of nitrogen fertilizers (Mekonnen and Hoekstra 2010a).
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2.3.4

Land footprint of livestock products

Our focus is mainly on production of livestock products, which includes direct use of pastures, but also
the land associated with production of animal feed. Therefore, livestock production is associated with
both grassland and cropland. Cropland, the most productive land use type, consists of the area required
to grow all crop products. Grazing land has lower productivity than the croplands and consists of
grasslands – cultivated and natural – used to provide feed to animals (Borucke et al. 2013). Standard
calculations of ecological footprint apply equivalence factors to standardize land types, since not all land
is equally productive (Wackernagel et al. 1999, Borucke et al. 2013). The equivalence factor ensures that
the total land used at the global scale will be equal to the total available land used. Our categorization of
the production systems based on the agro-ecological factors, accounts for low productivity of marginal
grasslands that differ from grasslands in high potential lands. Differences in yield and environmental
impact on the grasslands in low and high potential lands determine the use of this resource. As we intend
to assess the actual amount of land used for livestock production in Kenya, we do not apply the
equivalence factors in our calculations.

We attributed land area associated with the production of feed crops to each livestock product
considering (i) the feed consumed per animal, (ii) country specific yields, (iii) domestic production and
import of the different feed crops. Land use associated with grass production is based on grassland
production and corresponding yield in the three production systems previously outlined for Kenya. By
using local yields, we ensure that the calculated area is representative of the actual area used for
production in Kenya (van Vuuren and Smeets 2000). The land use (ha) within a production system is
estimated based on the land used for domestic production minus those related to exports plus those
related to imports. For all categories of feed except compounded feed and supplements, we assume that
there is no import or export of these feed components from the production system. For the category of
supplement and compounded feeds, that only considers maize germ as the main cereal in the feed, we
use import and export values in the calculation by extending equation (7) as follows:
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Land _ use p ,s

Pr od p ,s
Y p ,s

¦
ne

IMPp ,s
Yp ,ne



EXPp ,s

(8)

Y * p ,s

where Land _ usep ,s (ha) is land area associated with the production of feed product p in production
system

s , IMP

(tonne/yr) the imported quantity of feed product p from exporting nation ne , EXP

(tonne/yr) the quantity of feed product p exported from Kenya. Y p , s (tonne/ha) the annual yield of
*
product p in Kenya, Y p ,ne (tonne/ha) the yield of product p in the exporting country and Y p , s

(tonne/ha) the weighted average of local production yield and import yield. For domestically produced
feed we use local yield calculations for the specific production system. For the exported products we use
a weighted average yield, while for imported products, the yields of the source countries are used.

2.4
2.4.1

Results
Changes in the numbers and distributions of cattle and shoats in the arid, semi-arid and humid
production systems

Cattle, shoat and camel densities showed opposite trends between the 1980s and 2000s as shown in Fig.
1. Cattle numbers declined by 22% in the humid and 39% in the arid production systems between the
1980s and the 2000s. However, the decline was not uniform across the production systems as cattle
densities increased in parts of the semi-arid production system bordering the coastal strip. Shoat densities
increased across all the production systems, with the highest increase (27%) recorded in the semi-arid
production system between the 1980s and 2000s. The highest increase in camel density was observed for
the semi-arid production system, where their numbers went up by 27%.
Figure 1: Map of cattle, shoat and camel densities in Kenya in the three production systems in the (a) 1980s and
(b) 2000s.
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2.4.2
2.4.2.1

The water and land footprints of milk and meat production
Total water and land footprints of meat and milk production

In both the 1980s and the 2000s, shoats outnumbered all the other species (Figure 2). However, cattle
dominated the production of meat and milk in both periods and across all the production systems. Shoat
production of meat and milk in the arid production system in the 2000s was similar to that of cattle despite
the fact that shoats were about four times as many. Figure 3, presents the total water and land footprint
for milk and meat production. The total water footprint of meat production was 15 to 44 times larger than
the corresponding water footprint of milk production for all the livestock species across the production
systems. The total water footprint of milk and meat production was largest in the arid production system.
For cattle, the water footprint dropped dramatically between the 1980s and 2000s, except in the humid
production system. However, the water footprint for shoat production showed a persistently larger water
footprint in the 2000s than the 1980s.
The cattle land footprint showed an overall trend similar to that for the water footprint, with a general
decrease evident between the 1980s and the 2000s. Production of meat and milk had the largest land
footprint in the arid production system. Land footprint of milk production by cattle was similar between
the 1980s in the arid and the 1980s and 2000s in the humid production systems. Cattle land footprint of
milk and meat production in the humid production system increased by 7% and 25%, respectively, despite
a 22% decline in cattle numbers between the 1980s and 2000s.
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Figure 2: The total meat and milk production (left vertical axis) and total number (right vertical axis) of cattle,
shoats and camel in Kenya in the three production systems in the 1980s and 2000s.

2.4.2.2

Contribution of green and blue water footprints to product footprint

Figure 4 shows the proportion of green and blue water footprints per tonne of milk and meat produced.
There was considerable variation in the green and blue water footprint of milk and meat across the
production systems. A grey footprint is present but represents only a very small proportion of the
footprint per tonne of product. The grey footprint therefore does not show in the figures and we do not
carry it forward in the analysis. Milk production had a higher proportion of blue to green water footprint
than meat production did. The contribution of blue water footprint to the total water footprint per tonne
of milk produced ranged from 2% to 19% across all production systems. Milk production by shoats showed
a higher percentage (19%) of blue water footprint in the arid and semi-arid production system than that
exhibited by milk production from cattle (2%) in the same systems. The blue water footprint of camel milk
production of 7% falls between that of cattle and shoats. The green water footprint dominated the
production of meat by cattle, shoats and camels across all the three production systems. The proportion
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of blue water footprint out of the product total, associated with meat production ranged from 1 to 7%.
The increase in the water and land footprints per tonne of meat production for both cattle and shoats
between the 1980s and the 2000s is mostly due to worsened feed conversion efficiency for meat
production; conversely, improved feed conversion efficiency for milk production leads to reducing
footprints per tonne of milk for most animal species and production systems. In the 1980s, the water
footprint of milk production in the humid system was closer to that in the arid and semi-arid systems than
in the 2000s. This is indicative of a similarity in breeds and feeds in all the three production systems in the
1980s. For the 2000s, there is a huge gap between the milk yield in the arid and semi-arid production
systems and the humid system due to the enhanced productivity associated with breed improvement and
increase in milk yield per cow, which lowered the water footprint of production per tonne.

Figure 3: The total water (left vertical axis) and land (right vertical axis) footprint of meat and milk production in
Kenya in the three production systems in the 1980s and 2000s.

2.4.2.3

Grazing and cropland footprint per tonne of animal product
25

The grazing land footprint dominated the production of milk and meat across all production systems
between the 1980s and 2000s (Figure 4). In the arid and semi-arid production systems, the land footprint
of cattle and shoat meat production increased between the 1980s and 2000s. In the humid production
system, by contrast, there was a slight decrease in grazing and cropland footprints for beef production.
There was a decrease in the land footprint per tonne of cow milk between the 1980s and 2000s. The
grazing land footprint of beef production was about 30 times larger than that of the grazing land footprint
of milk production.
The grazing land footprint of milk production by cattle was larger for the arid and semi-arid systems than
for the humid production system. Similarly, cropland requirement for milk production by cattle was higher
for the semi-arid than for the humid production system. Camel milk production had the largest grazing
land footprint, though their feed composition was assumed to be 100% natural forage. Camel feed is
defined as forage but because their range is confined to arid and semi-arid systems, we assigned their
land footprint to the grazing component. In the arid and semi-arid production systems, the land footprint
of a tonne of camel milk was 1.3 and 18 times larger than the land footprint of cattle and shoat milk,
respectively. Shoats showed the smallest land footprint in the humid production system.
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(a)

(b)
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Figure 4: The water and land footprint per tonne of (a) milk and (b) meat produced by cattle, sheep and goats and
camels in the arid, semi-arid and humid production systems of Kenya in the 1980s and 2000s.

2.5
2.5.1

Discussion
General limitations of data and scope of conclusions

This study is the first to quantify changes in ruminant numbers and resource use over a 30-year period in
Kenya. The dearth of local literature and relevant data on this subject has posed considerable challenges
to the estimation of a number of the important parameters. We therefore only focused on two broad
time periods to minimise potential biases associated with any inaccuracies in the data and assumptions
we made. Consequently, we restrict our estimates of changes in livestock numbers to the data provided
by the DRSRS. Other potential data sources from the government databases were not available to us due
to ongoing efforts aimed at quality control and harmonisation of livestock data from various sources (pers.
comm). Our livestock population estimates are lower than the national estimates published by the Food
and Agriculture Organization (FAOSTAT) and the 2009 Kenya national census livestock estimates. The
DRSRS data have been collected consistently using the same counting techniques from 1977 to 2014 and
thus cover the entire time span of our study (1977-2012). The reliability of the other available national
statistics on livestock has not been quantified and glaring discrepancies were reported following the 2009
census. These other national livestock statistics are also not based on the same and consistent sampling
methodology (Dietz et al. 2014, Robinson et al. 2014). The DRSRS data were also amenable to classification
into the broad heterogeneous production systems used in this study, but this was not possible to do
reliably using the other occasional data sets. Enhancing the consistency, reliability and frequency of the
livestock surveys at the national level in Kenya would be necessary to ensure accuracy of future parameter
estimates by similar studies looking at long term changes in the livestock production systems. We
assumed that the extent of the production systems remained effectively unchanged over the 30-year
study period. This assumption may have been partially violated if agro-climatic changes in some of the
production systems were sufficient to engender substantial transitions in pastoral livelihood strategies
(Jones and Thornton 2009). Although quantifying and incorporating such changes in the production
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systems in our analysis would be desirable, doing so would add a layer of considerable complexity to the
analysis and take us beyond the scope of this study. Additionally, our assumption of limited change over
the 1977-2012 study period is consistent with the use of 1970-2000 as the base period for defining the
livestock production systems (Robinson et al. 2011).
Our analysis focused on the biophysical processes underlying resource use and did not consider economic
aspects. Additionally, the lack of consistent data sources on the changes in such parameters as feed
composition and carcass and milk yields precluded computing yearly estimates of freshwater and land
use.
2.5.2

Combining water and land footprints to enhance assessment of resource demands for milk and
meat production

Similar patterns and developments were found for the green and blue water and the grazing and cropland
footprints in meat and milk production. The reason is that water and land requirements largely go
together. As a rule we can expect and we observed indeed that greater land requirements are
accompanied by greater green water consumption. With a shift towards more supplement and
compounded feed, we can expect a shift towards greater cropland footprint and, in case of irrigated crops,
a greater blue water footprint. We did not observe such development for the historical period studied,
because intensification of livestock in Kenya hardly occurred.
2.5.3

Decline in cattle numbers and increased importance of shoats and camels for subsistence.

The increase in the number of shoats and concurrent decline in the number of cattle between the 1980s
and 2000s, whatever its cause, points to the growing importance of small stock to the livelihoods of the
Kenyan pastoral communities. The decline in cattle numbers in the arid and semi-arid production systems
is reflected in the significant decrease in both the total water and land footprints of cattle production
between the 1980s and 2000s. In the same vein, the increase in the number of shoats was accompanied
by an increase in the total water and land footprints for shoats between 1980s and 2000s. This indicates
an upsurge in the importance of shoats as a source of meat and milk. Despite their continued increase in
numbers, shoats still have the lowest demand on water and land resources. This finding is both interesting
and important, especially when considering options for reducing pressure on potentially scarce resources,
which would favour a shift towards shoat products. The decrease in the total land and water footprint of
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milk and meat production by camel in the arid production system and increase in the semi-arid production
system is indicative of increasing adoption of this drought resistant species by farmers in the semi-arid
system. The livestock declines, especially of cattle, are linked to an increase in the frequency and severity
of droughts between the 1980s and 2000s (Jones and Thornton 2009). The increase in the number of
sheep and goats, both of which use less water and land resources than cattle, in the arid and semi-arid
production system, offers the livestock producers the opportunity to continue meeting their meat and
milk production goals in the prevailing more arid climatic conditions.
2.5.4

Dominance of cattle in freshwater and land use towards milk and meat production

Despite their decline in total numbers, cattle still contribute most to the total meat and milk production
and total water and land footprints of meat and milk production in the three Kenyan production systems.
This highlights the overall importance of cattle in resource use for meat and milk production in Kenya. The
trends observed in water and land use by cattle are, however, not uniform across the systems. For
instance, in the semi-arid production system, the cropland footprint associated with the production of a
tonne of beef and milk by cattle, is much larger than that for the humid system. However, given that the
quality and composition of the diet of cattle in the humid production system tends towards intensification
of production by the introduction of compounded and supplemental feeds, we expect a larger cropland
footprint in the future and possibly a larger blue water footprint in this system. The poor diets in the semiarid system between the two periods, combined with the declining trend in feed conversion efficiency for
meat are the main causes of this apparent larger demand for cropland. The livestock farmers focus on
enhancing yield by upgrading their breeds but not also concurrently investing in feed improvement, so
that feeds continue to constrain milk and meat production in the three production systems.
2.5.5

Effect of productivity changes on water and land footprints

Table 3 shows the proportion of green and blue water footprint per tonne of milk and meat produced and
compares this to the work by Mekonnen and Hoekstra (2012). Our estimates for arid and semi-arid
systems can best be compared to the estimates for grazing systems in Mekonnen and Hoekstra (2012),
and our estimates for the humid system with their estimate for mixed systems. Our estimates of the water
footprints of milk production are similar to the estimates by Mekonnen and Hoekstra (2012).Beef
production showed the largest difference in values between the two, primarily due to differences in the
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assumed feed conversion efficiency and feed composition. We used detailed local and regional data that
are a factor of two or larger than those used by Mekonnen and Hoekstra (2012). In both studies, green
water was the predominant water footprint component. A larger proportion of blue water in the total
water footprint with this improved productivity would be associated with the inclusion of a cropland
footprint for irrigated feed production. If such improved productivity were to be realized, then the
resultant increases in blue water footprints and cropland footprints for livestock production would
potentially enhance competition for natural resources required for feed and food production. Our study
did not include data on the industrial livestock production system in Kenya as it was deemed quantitatively
negligible at the national scale of this study. The industrial production system reported in Mekonnen and
Hoekstra (2012) has a water footprint of an order of magnitude lower than any of the production systems
we examined. However, if it were to become prevalent, it would require more cropland than any of the
systems considered in this study, with a potential increase in the blue water footprint as well.
Our results show that poor feed conversion efficiency has a large impact on the efficiency with which
freshwater and land resources are utilized, in accord with other studies (Herrero et al. 2013). Beef
production has larger water and land footprints per tonne than shoats and camel due to higher conversion
efficiencies for the latter two species. Diet composition and quality also determine the magnitude of the
water and land footprints of meat and milk production. Improved diets translate to better feed conversion
and, eventually, to more efficient use of freshwater and land. This is demonstrated by cattle in the humid
system. Their slightly better feed conversion efficiency in the 2000s relative to the 1980s mirrors the
increase in the proportions of cross and pure bred cattle and of compounded and supplemental feeds.
Nonetheless, the productivity of the improved cattle breeds in the humid production system is still
relatively low because cattle diets have not correspondingly improved in Kenya to levels approximating
those recommended for optimal yields.
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Table 3: The estimated green, blue and grey water footprint per tonne of milk and meat produced by cattle, shoat
and camel compared to the estimates by Mekonnen and Hoekstra (2012).

2.6

Conclusion and recommendations

The demand for water and land for meat and milk production is mainly determined by the total numbers,
feed conversion efficiency and diet composition of livestock. For cattle milk and meat, the study revealed
that the humid production system had the smallest water and land footprints per tonne. Furthermore,
the study showed that the water and land footprints for milk and meat from sheep and goats are much
smaller than for cattle and camels.
There are many opportunities to improve the water and land use efficiency in meat and milk production
in the arid and semi-arid production systems. Interventions such as rangeland rehabilitation to improve
biomass availability and diet quality and breeding to increase growth rates and carcass yields can enhance
the feed conversion efficiency and, in turn, lead to efficiency gains in natural resources use. Lower water
and land requirements by milk production in these systems, may support the conclusion that it is better
to produce milk and not meat in the arid and semi-arid systems. However, milk production in the arid and
semi-arid systems is mainly constrained by political, social and environmental impediments such as
limited access to markets and inputs, including high quality feeds. Production in the humid system is the
most resource efficient way to produce both cattle meat and milk. The proximity to markets and crossbreeding with exotic animals has favoured the focus on milk production. Diet quality has however not
developed in tandem with the improvement in breeds, thus constraining the feed conversion efficiency.
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Using fodder crops that can be intercropped, and crop residues that do not compete directly with food
production is one way to improve the livestock diets in the humid system with low potential for conflicts.
There is thus a pressing need for research focusing on advancing our understanding of the factors
constraining the uptake of better feeding strategies and more investment in improved feed production.
Although cattle meat and milk in the humid system are more resource efficient than in the arid and semiarid systems, there are many competing claims to the available land and water resources. On the other
hand, in arid and semi-arid systems, there are fewer competing demands other than setting areas aside
for wildlife conservation and emergence of some cropping in the semi-arid regions. We therefore think
that meat production should be carried out in the arid and semi-arid areas insofar possible without conflict
with crop production where viable and wildlife protection. Drought and disease resistance associated with
the indigenous livestock breeds in the arid and semi-arid systems provides an added advantage to the
focus on meat production in these areas. Meat production would also limit the competition with
biodiversity conservation by minimizing land use changes and indigenous species losses (Renwick et al.
2014). In addition, the livestock production in the rangelands has other attendant benefits such as wealth
accumulation and other cultural roles that are not captured by the purely biophysical assessment we
carried out. If these alternative attributes of livestock production are incorporated, then there should be
a potential further reduction in the water and land use for meat production in these systems. Finally, an
understanding of the sustainability of the current meat and milk production practices and implications of
attempts to optimise interaction of the production parameters governing resource use efficiency in each
system would enrich our capacity to develop the most resource efficient production practices.
Using both water and land footprints as indicators can deepen our appreciation of the interplay between
the management of the two key resources demanded by livestock production—land and water.
Additionally, we provide empirical evidence that can enhance our understanding of the key constraints to
improving the efficiency of livestock production in Kenya. Finally, our results can guide efforts aimed at
improving freshwater and land use efficiency for the specific production systems we studied and possibly
other similar systems elsewhere.
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3

Meat and milk production scenarios and the associated land footprint in
Kenya.2

Abstract
Increasing demands for meat and milk in developing countries and the associated production growth are
driving the expansion of agriculture at the expense of environmental conservation and other land uses.
While considerable attention has been directed at improving crop yields to alleviate the pressure on land,
there has been far less attention on the implications of the expected intensification of livestock
production. Here, we present and analyse the land availability and land footprints of livestock
intensification for five scenarios representing various degrees of intensification of meat and milk
production by cattle, sheep, goats and camels in arid, semi-arid and humid production systems in Kenya.
The first three scenarios are defined by increasing levels of input and management, ranging from low
(scenario S1), intermediate (S2) to high (S3) input feed crop cultivation and livestock production.
Reference scenario S1 has production practices and output of meat and milk similar to current production
practices. In scenarios S2 and S3, the total land used for livestock production remains the same as in S1.
Two additional scenarios, S4 and S5, explore opportunities for lessening environmental pressure through
reduction of the land footprint of meat and milk production. For each scenario, we quantify the potential
availability of grassland and cropland for meat and milk production by cattle, sheep, goats and camel in
the arid, semi-arid and humid production systems. A resource use indicator, land footprint (ha), is used to
assess changes in land use associated with livestock production. We estimate that the potential increase
in production due to intensification from scenario S1 to S2 is 51% for milk and 71% for meat. The potential
increase due to improving production from scenario S1 to S3 is 80% for milk and 113% for meat. The area
of grazing land, as a percent of the total potentially available grazing land, decreases from 10% to 6% as
productivity increases from scenario S1 to S5. Cropland usage increases from 4% in scenario S1 to 11% in
S5. Reduced land demand in scenarios S4 and S5 indicates the possibility that intensification may help

2

Published as Bosire et al. (2016b)
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reduce the pressure on land and hence promote environmental conservation. Overall, the results suggest
that it is possible to increase production to meet increasing demands for meat and milk while also gaining
land for environmental conservation through intensification. Realizing the potential presented by the
intensification scenarios will be contingent upon successfully establishing and operationalizing enabling
policies, institutional arrangements and markets and ensuring that relevant information, services, inputs,
and other essential requirements are available, accessible and affordable to herders and farmers.
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3.1

Introduction

Livestock production has significant land, water and carbon footprints. Agriculture appropriates about
40% of the global terrestrial surface (Foley et al. 2005). Livestock production alone accounts for 70% of
the total agricultural land use, representing one third of all croplands and vast grazing areas (Steinfeld et
al. 2006b). The total feed biomass used by the livestock sector is considerable and amounts to about 4.7
billion tons (dry matter) per year, with about half being grasses and one fourth each being grains and
occasional feed and stover (Herrero et al. 2013). Besides its extensive land footprint and significant
biomass use, livestock rearing also accounts for almost one third of the agricultural water footprint
(Mekonnen and Hoekstra 2012) and about 15% of the anthropogenic greenhouse gas emissions (FAO
2013). In some regions, continued horizontal expansion is a key factor in deforestation (Bilsborrow and
Ogendo 1992, Angelsen 1995) and in others overgrazing causes severe land degradation (Steinfeld et al.
2006b). Not surprisingly, the livestock sector is considered to be one of the leading contributors to the
increase in environmental degradation (Steinfeld et al. 2006b, Pelletier and Tyedmers 2010).
Global meat and milk consumption is expected to grow significantly by 2030 (Steinfeld et al. 2006b). This
growth will be particularly pronounced in developing countries where the demand for meat and milk will
more than double. The increase in consumption of animal products is driven primarily by population
growth, increased purchasing power, and changes in dietary preferences favouring more animal source
foods (ASFs), notably meat and milk (Delgado 2003, Kastner et al. 2012). In addition, efforts to decrease
undernourishment globally are also driving the demand for ASFs (Randolph et al. 2007).
In view of the already very large global natural resource use and environmental concerns related to
livestock production, many researchers believe a doubling of production in developing countries will need
to be met by a sustainable intensification (Pretty et al. 2011, Tarawali et al. 2011). Many developing
countries still practice low input agriculture that relies on natural processes and expansion into forested
lands, even in high-potential humid regions (Jankhe 1982, Godfray et al. 2010). This is true for many
countries in Africa, where low-input agriculture is still widespread, partly due to limited, or slow uptake
of modern production technologies, leading to poor levels of meat and milk production per animal
(Headey and Jayne 2014). Because of poor yields and production for subsistence, production levels in
most developing countries are insufficient to meet their domestic demands (Place et al. 2006).
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Consequently, large differences exist in livestock productivity between the developed and the developing
world, implying a huge untapped efficiency potential in the developing countries, particularly in Africa.
Though many interventions have focused on bridging this productivity gap (Tilman et al. 2002), there is a
growing realisation that the processes involved in intensification of production of ASFs often overlook
environmental impacts (Tscharntke et al. 2012). Studies that assessed these impacts have mainly focused
on the implications of increasing yields in croplands on the alleviation of the pressure on the available
land (Foley et al. 2005, Koh and Lee 2012). Very few studies have analyzed the consequences of reduced
demand for land through increased productivity in both crop and livestock production (Wirsenius et al.
2010, Tilman et al. 2011).
The production and consumption of livestock commodities in Kenya is a case in point. The demand for
livestock commodities is on the rise, and will likely continue to rise in the near future (Omore et al. 1999).
Several studies have assessed farmer responses to increasing demand and showed how these are closely
linked to the wider institutional, social and cultural context and how they relate to economic factors,
which differ across farming systems (Feder and Umali 1993, Marra et al. 2003, Owen et al. 2012).
However, the availability of and demand for land to meet livestock production needs across the various
farming systems has not been quantified for Kenya. Additionally, the implications of both cropland and
livestock productivity improvements for various production systems have not been quantitatively
analysed and documented. Understanding of these issues is essential for the development and
deployment of sound policies and practices that ensure that increased livestock production through
intensification is in synergy with other critical targets such as biodiversity conservation and improved
nutrition in Kenya. This paper aims to enhance our understanding of land use and availability by examining
the intensification potential of meat and milk production by four ruminant species, namely cattle, shoats
(sheep and goats) and camels in Kenya. The specific objectives of this paper are two-fold: (1) assess the
availability and suitability of land for meat and milk production in three production systems, and; (2)
explore options for intensification to either expand production of meat and milk or relieve pressure on
existing lands in Kenya.
3.2

Methods and data

In this paper we assess land availability, suitability and livestock production and the gains in land savings
that can be expected from increasing the production of four ruminant livestock species under three
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intensification scenarios in Kenya as illustrated schematically in Fig. 1. We do not consider meat
production from poultry and pigs as they currently constitute a minor proportion of the total meat
production in Kenya relative to ruminants (Bett et al. 2012).

Figure 1. Steps involved in the assessment of land availability, suitability and potential for livestock production
under five intensification scenarios.

3.2.1
3.2.1.1

Identification of land available for livestock production
Selection and characterisation of analysis unit

We analyse the production systems for four ruminant species, namely cattle, shoats, and camels in Kenya.
Each production system is characterized by specific agro-ecological factors (Pratt and Gwynne 1977,
Grandin 1988, Rege 2001). Land available for livestock production is estimated for each of the three agroclimatic regions, i.e. humid, semi-arid and arid. Each of these three distinct geographical regions is
referred to as a production system.
The humid production system is located in areas with high potential for crop, fodder and livestock
production, due to fertile soils, annual rainfall averaging over 800 mm, and modest pest and disease
problems. It covers large parts of Central Kenya, the Central Rift Valley, Western Kenya and most of the
Coastal strip (Ouma et al. 2000). The semi-arid production system has a medium potential for plant growth
and livestock production, an average annual rainfall of 600-800 mm and a high prevalence of
trypanosomiasis. This production system covers parts of Eastern Kenya, neighbouring the highland
production systems to the north and south, and the coastal strip to the west. The arid production system
has the lowest potential for biomass and livestock production. This system is characterised by an average
annual rainfall of less than 600 mm, high variability in rainfall amount in both the wet and dry seasons,
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and high prevalence of various livestock diseases (Grandin 1988, De Leeuw and Rey 1995, Ndambi et al.
2007). The arid and semi-arid systems cover about 83% of the total land area of Kenya and are home to
about 35% of Kenya’s population. In contrast, the humid system covers only about 17% (Ruigu 1988).
3.2.1.2

Land available for agriculture

The land area directly available for ruminant production in the three production systems in Kenya includes
grazing lands, for grazing and browsing livestock, and feed crop areas, for cultivation of fodder and feeds.
However, the potential land available for livestock production also includes grasslands suitable for crop
production and currently used for grazing. The land currently available for livestock and crop production
in each of the delineated production systems was estimated by masking the land use systems raster
obtained from FAO (2010) by the production systems polygon (Robinson et al. 2011). The detailed
classification systems used in Robinson et al. (2011) are reclassified into the three agro-climatic zones
above as described in Bosire et al. (2015). Figure 2 illustrates the estimates of land area currently available
for livestock and crop production in each of the three production systems under each of three production
scenarios.

>@

The total area of land Ltotal s , constituting production system s (arid, semiarid, humid) can be partitioned
into the total grassland area ( Lgrassland>s @ ) plus other environmentally valuable areas, such as forests and

>@

other protected areas with restricted access for livestock rearing Lenv s , cropland used for food and feed
production Lcrop >s @ , and unproductive areas, including built-up, degraded and bare areas that are
unsuitable for agricultural production ( Lunprod>s @ ). Therefore, the total land area for livestock and crop
production in each production system Lagric>s @ is determined by:

Lagric>s@ Lgrassland>s@  Lcrop >s@

(1)

The cropland used for feed production L feedcrop>s @ quantifies the feed-crop land footprint (Bosire et al.
2015) and is calculated as the proportion of cropland Lcrop >s @ that is specifically used for feed crops,
forages such as alfalfa and Napier grass. Likewise, the grassland used by livestock quantifies the grassland
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footprint Lgrazing>s @. By adding the feed cropland and grassland footprints we get the total land use
footprint for livestock Llivestock >s @ .

Figure 2: Subdivision of the total land area of Kenya into the six land use/cover categories referred to in the text.
The schematic illustration depicts the differences in management and land use intensification between the five
livestock production scenarios (S1-S5). The differences between the land uses under the five scenarios are
indicated across the three agricultural land areas.

3.2.2

Land suitability estimation

Under intensified production, livestock dietary composition increasingly includes higher proportions of
feed crops. We thus determine the extent of land suitable for the production of both food and feed crops
in section 2.2.1 and outline five scenarios of intensification of livestock production in Kenya in section
2.2.2.
3.2.2.1

Land suitability for food and feed crop cultivation
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Intensification of ruminant livestock production systems is generally correlated with an increase in the
fraction of supplemental and compounded feeds in the animal diets (Herrero et al. 2013) and thus with
increased use of cropland for feed crop production. We consider only grassland suitable for cultivation
(Figure 3) as available for conversion into land for feed production in the semi-arid and humid systems (S2
and S3) (Figure 2). The baseline scenario (S1) for land available for livestock production corresponds to
the current pattern of land used for grazing and feed crop cultivation as described in Bosire et al. (2015).
Global grazing and cropland suitability maps (van Velthuizen et al. 2007) were used to determine the land
potentially available for feed crops within the land areas currently available for pasture or crop
production. In these maps, land suitability is provided for pasture or crop production for 2.2 million grid
cells of 5 by 5 arc minute, classified as either rainfed or irrigated, and distributed across three input and
management levels, i.e. low, intermediate and high.
A crop suitability index (CSI) can be derived for a combination of crop types, under both rainfed and
irrigated conditions, and at the three levels of input and management. CSI is defined as the proportions
of maximum yields of crops that can be achieved in a grid cell under appropriate management (van
Velthuizen et al. 2007). Crop suitability indices range from 0 to 100, with 0 representing not suitable and
100 very high suitability. We consider lands with CSI between 0 and 50 (medium suitability) as unfit for
feed crop cultivation and thus exclude them from the subsequent analyses (Section 2.1.2). Land with CSI
values of 51-100, ranging from medium, high to very high suitability, are included as potentially available
areas for feed cultivation under scenarios S1 to S3.
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Figure 3: A map of Kenya showing the distribution of cropland, the land unavailable for agriculture, the grasslands
and their suitability for crops.

3.2.3

Intensification: quantifying the maximum production potential with current livestock numbers

We define five intensification scenarios using a set of assumptions relating to land availability for livestock
production and the potential production of meat and milk by cattle, shoats and camels in each of the
three preceding production systems. We distinguish three levels of input and management, ranging from
low input rainfed to high input irrigated cultivation defined by van Velthuizen et al. (2007).
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The first scenario, S1, is the baseline scenario and represents low production of meat and milk. For the
baseline it is assumed that livestock is produced under conditions of low inputs and traditional
management. Livestock production is also assumed to be primarily for subsistence and not markets.
Furthermore, it is assumed that the production system is not mechanized, no fertilizers or chemicals are
used to control pests or diseases and that no measures are taken to prevent land degradation. As
agricultural production in Kenya is predominantly carried out by smallholder farmers, with little farmland
under irrigation (about 0.07%) (Ngigi 2002), these characteristics are typical of the current livestock
production practice in Kenya.
Scenarios S2 and S4 assume intermediate production of meat and milk under both rainfed and irrigated
agriculture, with intermediate inputs and intermediate management. Manual labour and animal traction
are used, some fertilizer is applied and some chemicals are used for pest or disease control. There are
fallow periods and certain measures are taken to prevent land degradation. In scenario S2 the total land
footprint of livestock production is kept constant, with increasing milk and meat outputs, while in scenario
S4 milk and meat outputs are kept constant, with a decreasing total land footprint of livestock production
(Table 1).
Scenarios S3 and S5 represent high production of meat and milk, under both rainfed and irrigated
agriculture, characterized by the use of high inputs and advanced management. Agricultural production
is mechanized and improved high-yielding feed crop varieties are widely used. In scenario S3, the total
land footprint of livestock production is kept constant, with increasing milk and meat outputs, while in
scenario S5 milk and meat outputs remain constant, with decreasing total land footprint of livestock
production.
3.2.3.1

Eight factors determining production under the five scenarios

The following eight factors determine the production potential for meat and milk in the five scenarios: 1)
types of land used, 2) feed composition, 3) land productivity, 4) feed conversion efficiency, 5) livestock
productivity, 6) ratios of the different livestock species, 7) livestock breeds, and 8) ratios of meat and milk
produced. For meat production we analyse the role of all these factors for all four livestock species in each
of the three production systems. We similarly evaluate the influence of these factors on milk production
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except for shoats and camels in the humid production system where they are not typically reared for milk
production.
Table 1 Summary of factors determining production intensification under the five scenarios. For details and
references on each factor refer to the text.
Scenario constraints

Factors of
production

Scenario S1
(reference)

Land use

Grazing land
and minimal
cropland use

Feed
composition

Mainly pasture
with minimal
fodder and
compounded
feeds
current

Increase in production while
keeping land footprint of livestock
production constant in all
production systems
Scenario S2
Scenario S3
(Intermediate
(high
intensification)
intensification)
Grazing land
Grazing land
and conversion
and conversion
of suitable
of suitable
grazing land
grazing land
into feed
into feed
cropland
cropland
Mainly pasture
Pasture and
and higher
higher
proportion of
proportion of
crop based
crop based
feeds than in S1 feeds than in S2
+
++

current

+

++

+

++

current

+

++

+

++

Land
productivity
Feed
Conversion
Efficiency (FCE)
Livestock
productivity

Reduction in land footprint of
livestock production while keeping
meat and milk production
constant in all production systems
Scenario S4
Scenario S5
(Intermediate
(high
intensification)
intensification)
Grazing land
Grazing land
and conversion
and conversion
of suitable
of suitable
grazing land
grazing land
into feed
into feed
cropland
cropland
Mainly pasture
Pasture and
and higher
higher
proportion of
proportion of
crop based
crop based
feeds than in S1 feeds than in S4
+
++

3.2.3.1.1 Land use
We classify agricultural land use into either grazing or cropland and make assumptions on their availability
to livestock based on where they occur in each of the production systems. For the arid production system
we assume that there is no cropland available for feed cultivation.
We assume that an increase in meat and milk production is associated with a higher fraction of
compounded and supplemental feeds in the diet. This is consistent with the observed increase in the
amount of feed crops in the diets of ruminants as the production output per animal increases from the
arid to the humid production system. Thus, the three productivity scenarios represent distinct stages
along a gradient of increasing intensification, dependent on expansion of feed crop cultivation onto
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grasslands suitable for crop production. The expansion of feed crops can be expected to directly compete
with food production because both require arable land. Even so, we still chose to assign additional land
to meet increased feed demand for ruminant production by converting arable grazing land feed crop
cultivation (Figure 2).
The five production scenarios also differ with respect to restrictions placed on expansion of land cultivated
for feed crops. Under scenario S1, feed cultivation is not allowed to expand and the entire livestock
production enterprise only occurs on grazing land and minimal cropland. Feed cultivation can expand but
only onto grazing land in scenarios S2 to S5. Recall that only grazing land of medium to high suitability for
crop production can be converted to cropland in the semi-arid and humid production systems.
3.2.3.1.2 Feed composition
We assume that a higher output of meat and milk can be achieved by including crop residues and
compounded and supplemental feeds in the livestock diet. Such an improved feed composition, blending
grains, cereals and minerals rich in energy and low in fibre, makes it possible to meet production
objectives centred on improved animal growth, weight gain, milk output, and general health.
For scenario S1, we assume the current diet composition, including minimal crop residue, compounded
and supplemental feeds in the diets, i.e. the current application levels in the semi-arid and humid
production systems (Bosire et al. 2015). For scenarios S2 and S4, we specify an improved diet containing
higher proportions of fodder, crop residues and compounded and supplemental feeds. Scenarios S3 and
S5 assume current diets containing the highest possible levels of compounded and supplemental feeds
for meat and milk producing livestock in Kenya based on values reported by case study farms and by
Bouwman et al. (2005).
3.2.3.1.3 Breed of livestock and Feed conversion efficiency
Both improved breeds and higher feed conversion efficiency (FCE) contribute to increasing productivity.
Indigenous breeds, mixed breeds (Guernsey, Jersey, Ayrshire and Friesian dairy stock, crosses between
these European breeds, and crosses between the European breeds and Zebu type cattle typically kept in
the humid production system), pure or exotic breeds in the production systems are associated with low,
intermediate and high meat and milk output, respectively. FCE is defined as feed use per unit of output
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produced by each species and in each of the three production systems. It is expressed in terms of dry
weight of feed intake per fresh weight of meat or milk produced. Improved FCE is assumed to be the main
driver for increasing the productivity of the four ruminant species. We base the FCE calculations on
Bouwman et al. (2005), calibrated with values derived from field visits to case study farms representing
different stages of intensification of meat and milk production in Kenya.
Scenario S1 represents mainly indigenous breeds in the arid and semi-arid systems and mixed breeds in
the humid system characterised by comparatively low productivity per animal due to low FCE and poor
diets. Although the indigenous breeds have certain qualities, such as drought and disease tolerance, that
make them more suitable for production under the conditions assumed in scenario S1, we focus only on
their inherent productivities. In scenarios S2 and S4, productivity improvement is achieved by crossbreeding the indigenous and exotic species, leading to breeds with improved FCE derived from the exotic
breeds and disease and drought resistance traits inherited from the indigenous breeds. Livestock breeds
in Scenarios S3 and S5 have the highest FCE, usually associated with the exotic or pure breeds, such as the
Boran cattle.
3.2.3.1.4 Livestock productivity
Livestock productivity (meat and milk production per animal) is a function of the FCE, breed and the diet
composition. We determine animal productivity in the five scenarios in Kenya based on values reported
by case study farms and by Bouwman et al. (2005) for all scenarios except scenario S1 in which values are
the same as those in Bosire et al. (2015).
3.2.3.1.5 Land productivity
Land productivity is a function of the amount of precipitation, soil type, crop and level of input. We
consider the minimum, mean and maximum productivity of the grass, fodder crops, maize and wheat for
grazing and croplands to represent the three scenarios (Ouda 2001, Mekonnen and Hoekstra 2011b).
Maize and wheat are included in the analyses because they constitute a large proportion of the
compounded and supplemental feeds in Kenya (ILRI 2010). Under scenarios S2 to S5, we consider the land
productivities under the grazing land conversion option presented in section 2.2.3.1.
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3.2.3.1.6 Ratios of ruminant species and ratio of meat to milk production
For all scenarios, we assume that the production systems have settled at an equilibrium based on the
prevailing climate, market systems and other factors determining production practices. Therefore, we
keep the livestock number constant and maintain current proportions of meat and milk production
distributed over the three species in the arid, semi-arid and humid production systems in Kenya. These
factors are a proxy for economic drivers of livestock production and quantify the ratio of usage of products
of animals of each species based on the prevailing market access infrastructure.
3.2.4

Maximum production potential with current total land use

Intensification can make it possible to increase production and meet rising demand for ASFs without
increasing the amount of land used. To estimate the production increase with intensification, we maintain
the total land used for milk and milk production as in scenario S1 and estimate the expected quantities of
milk and meat produced with increased productivity for scenarios S2 and S3. The highest potential
production of meat and milk by species a in production systems s , considering improved land
productivity in S2 and S3, PPmeat&milk >a, s@ (tonne), is estimated as the total land used to produce meat

> @

and milk, LLUmeat / milk a, s (ha), by species a in production systems s , divided by Llivestock >a, s @ , the land
footprint (ha/tonne) for species a in production system s

PPmeat / milk >a, s @

3.2.5

LLU meat / milk >a, s @
Llivestock >a, s @

(2)

Estimating land use for livestock production

To understand how the anticipated trajectory of intensification will affect demand for land we estimate
land use under intensification as outlined in Figure 2. We keep the total land use for milk and meat
production constant and equal to the estimates reported in Bosire et al. (2015) in scenarios S1, S2 and S3.
Total land use for production under scenarios S4 and S5 is derived with equation 2, keeping the total meat
and milk production constant.
Due to the difficulty of acquiring some of the relevant data for sheep, goats and camel production we
make certain simplifying assumptions for each species across the five scenarios. For sheep and goats, only
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improvements in meat production are calculated, while milk productivity is assumed to be static. The
productivity of both milk and meat by camels is also assumed to be static.
3.2.6

General limitation of data and methods

Estimating the total potential livestock production requires detailed information on all the ruminant and
monogastric species in each production system. This was not always possible because reliable long-term
information on several species such as chicken and pigs was not available. As we were unable to find
evidence for improved productivity for camel using ground truthing in the case study farms, we assumed
no intensification of camel production under the three scenarios of improved management. Therefore, in
estimating the total potential output of ruminants in Kenya, we assume that the camel output is
maintained at the current levels of management to circumvent this limitation. However, camel production
is quite small relative to cattle and shoats, about 9%, and so the overall results should be largely
unaffected by this assumption and representative of the different scenarios.
Available data on livestock numbers for the three production systems selected for this study are also
limited. We therefore used data from aerial surveys conducted by the Kenya Directorate of Resource
Surveys and Remote Sensing (DRDRS) from 2000 to 2012 to estimate the numbers of livestock in each of
the three production systems. Our values for milk and meat production for Kenya, especially for cattle,
therefore differ from those used by the Food and Agriculture Organization (FAOSTAT) and Behnke and
Muthami (2011), derived from the 2009 national census data. Inconsistencies in spatial layers used to
infer land suitability, crop yields and land availability can potentially add a level of inaccuracy in estimates
of key parameters used in this study. Such a mismatch was, however, not encountered when down-scaling
the global availability, suitability and crop yield estimates to the national production system level.
3.3

Results

We first present the results on land use and production potential. Tables 3-6 summarise the results on
major land uses whereas Figures 3-5 depict the findings on the production parameters.
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3.3.1

Total agricultural land and suitability for crop production

Assessment of the total land available for agricultural production showed that 12,912,300 hectares (ha)
(23%) of Kenya’s total land area is unavailable for livestock production (Figure 2 and Table 2). The
remaining 43,679,900 ha (77%) of Kenya’s land area that qualifies as agricultural lands consists of
grasslands (68%) and croplands (9%). The arid production system covers nearly 34,307,400 ha (79%) of
the national agricultural land, and consists mainly of vast grasslands. The semi-arid and humid systems
cover 3,843,700 ha (8%) and 5,528,800 ha (13%) of the remaining total agricultural land, respectively.
The suitability analysis shows that 12% of the total agricultural land can be classified as land with medium
to very high suitability for cropping (Table 1). However, the precise percentage coverage of this category
varies widely across the different production systems, from 42% in the semi-arid system to 64% in the
humid production system. No suitability estimates were made for the arid production system as crop
cultivation is not currently practiced in this system. Land of low suitability for crop production is highest
in the semi-arid production system, comprising 58% of the total agricultural land in this production
system.
When considering only grasslands, the humid production system displays the highest share (69%) of the
land suitable for crop production. In contrast, about 34% of the grasslands in the semi-arid production
system appear to be suitable. Strikingly, 36% of the cropland currently cultivated in all the three
production systems in Kenya fall into the medium to very high suitability categories. For both the humid
and the semi-arid systems the fraction of land that is suitable for crops and used for crop cultivation is
about 60%.
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Grassland
Cropland
Unavailable
Total
Grassland
Cropland
Unavailable
Total
Grassland
Cropland
Unavailable
Total
Grassland
Cropland
Unavailable
Total

Arid

Total

Humid

Semi-arid

Land use type

Production
system
32,368,400
1,939,000
6,639,600
40,946,900
2,787,800
1,055,900
4,581,400
8,433,800
3,511,300
2,017,500
1,691,300
7,220,100
38,667,500
5,012,400
12,912,300
56,600,800

Total area in
Kenya

68
9
23

49
28
23

33
13
54

79
5
16

%

43,679,900

5,528,800
38,667,500
5,012,400

3,843,700
3,511,300
2,017,500

34,307,400
2,787,800
1,055,900

32,368,400
1,939,000

Total land used for
agriculture Lagric>s@
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1,853,000
377,700
2,230,700
1,107,400
867,000
1,974,500
2,960,400
1,244,700
4,205,100

(1-50%)

Low

10

36
8
25

58
32
43

66
36

%

4,420,500

2,876,100
2,703,400
1,717,100

1,544,400
1,811,500
1,064,600

891,900
652,500

(50-80%)

Medium

10

52
7
34

40
52
53

32
62

%

746,900

678,200
635,300
111,600

68,700
592,400
85,900

42,900
25,800

(80-100%)

High

Suitability for crops

2
2

2

12
2
2

2
17
4

%

5,167,400

3,554,300
3,338,700
1,828,700

1,613,100
2,403,800
1,150,500

934,800
678,300

12

64
9
36

42
68
57

34
64

%

Total land of
medium to high
suitability for
crops

Table 2 The total land area (ha) and suitability estimates (ha) for grasslands and croplands used for both livestock and crop production in the three production
systems in Kenya, for the baseline scenario (S1), representing the currently prevailing production practice.

3.3.2

Land available for agriculture in Kenya

Table 3 shows the estimates of land used for both livestock and crop production and the land currently
used for agriculture. As we consider only the land for agriculture, the estimate for the total land used for
agriculture is lower than that potentially available for agricultural production by 3% due to the exclusion
of cropland from the arid system. Grasslands in the arid system constitute most (88%) of the land used
for agriculture. The humid and semi-arid systems have the second largest (13%) and smallest (9%)
fractions, respectively, of land that can be used for agricultural production. Overall, about 9% of grassland
in Kenya is currently used for livestock production. The highest proportion of grassland currently used for
livestock production (37%) is in the semi-arid system. The humid system has 22% of the grassland
currently used for livestock production while 6% of grassland is used in the arid system. The overall use of
feed cropland is 5% of the total cropland for agriculture. Humid systems have the largest proportion (6%)
of agricultural cropland that is used for feed crop production.
Table 3 The total land area used for agriculture (ha), land currently used for agriculture (ha) in grasslands and
croplands for both livestock and crop production and the current land footprint of livestock in three production
systems in Kenya.
Production
system

Arid

Semi-arid

Humid

Total

Land use type

Grassland
Cropland
Total
Grassland
Cropland
Total
Grassland
Cropland
Total
Grassland
Cropland
Total

Total land used
for agriculture

Current land use for
agriculture

(

(

Lagric>s@

)
32,368,400
32,368,400
2,787,800
1,055,900
3,843,700
3,511,300
2,017,500
5,528,800
38,667,500
3,073,400
41,740,900
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Lgrazing>s@ Lcrop>s@
+

)
1,915,650
1,915,650
1,045,000
1,055,900
2,100,900
752,100
2,017,500
2,769,600
3,712,750
3,073,400
6,786,150

Current land use for
livestock production
( Llivestock >s@)
1,915,650
1,915,650
1,045,000
4,850
1,049,850
752,100
132,400
884,500
3,712,750
108,200
3,850,000

3.3.3

Production potential of meat and milk under increasing intensification under current land use

Scenario S3 represents the configuration of factors that ensures the highest output of milk and meat
(Figure 3a). Milk production increases with improved intensification from scenarios S1 to S3 by between
51% and 80%. The total milk production is consistently higher in the humid production system in all
scenarios. The semi-arid system shows the largest increase (99%) in milk production across all the systems
as productivity increases from S1 to S3, mainly associated with improved milk yields by cattle. The humid
system has consistently high increase in production as intensification increases from scenario S1 to S3,
while the arid system has the lowest increase in production (24%) with increasing intensification from
scenario S1 to S2.
Meat production increases in the arid (99%) and the semi-arid (290%) systems as intensification increases
from scenario S1 to S3 (Figure 3b). The potential for improving livestock productivity is much larger for
cattle in these systems than in the humid system where there is a decline in meat production (14%) with
increasing intensification from scenario S2 to S3. This points to greater constraints to improving cattle
yields in the humid system than in the arid and semi-arid systems, leading to smaller productivity increases
in the humid system. A better FCE for this scenario would lead to higher meat production in the humid
system. Similarly for shoats, the carcass yield increases by 33% and 50% in all the production systems as
intensification progresses from scenario S1 to S2 and S1 to S3, respectively. This leads to elevated meat
production with advancing intensification from scenario S1 to S2 of 31% and S1 to S3 of 61%.
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Production ('000 tonne)

Total milk production '000 tonne/yr
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Humid
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S3
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Semi-arid
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S2

S3

Humid

Shoats

Figure 3a: Milk production potential of three livestock species estimated for each of the three production systems
(arid, semi-arid and humid) under scenarios S1 to S3.
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Production ('000 tonne)

Total meat production '000 tonne/yr
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S1

S2

S3

Humid
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Figure 3b: Meat production potential of three livestock species estimated for each of the three production systems
(arid, semi-arid and humid) under scenarios S1 to S3.

3.3.4

Increase in production potential and growth in per capita supply of milk and meat.

Milk and meat represent a large proportion of the expenditure of many households (Bett et al. 2012).
Here, we only consider milk and meat production per capita after intensification in all the production
systems throughout Kenya. The increase in per capita supply of meat and milk from cattle is the highest
and ranges between 77% and 88% across all the three scenarios. The percentage increase in the per capita
supply of beef with advancing intensification from scenario S1 to S3 of 67-72%, representing 9 to 14 kg
per year, is the largest recorded. Even though the current supply rate is lower than the FAO food balance
of national production estimate of 11.3 kg per capita of beef supply per year for Kenya, our estimated
range of increased supply does not deviate much from this estimate.
3.3.5

Potential for resource savings under increasing intensification

Table 4 shows that in all systems, there is a general decline in the total land used for livestock production
with improved productivity from scenarios S1 to S5. The semi-arid system has the highest overall use of
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available agricultural land for livestock production. However, for the humid system, the total cropland
used for livestock production increases from scenario S2 to S3 as the assumed productivity increase
requires improving diets with supplemental and compounded feeds, the production of which would
require converting about 600,000 ha of land that is currently not used for feed cultivation into croplands.
The smallest area of grassland used for ruminant production is in the arid system in scenario S5. By
contrast, the largest area of cropland used for livestock production is in scenario S3 in the humid
production system. In order to have a comprehensive indication of land potentially available for expansion
of feed crop production, we focus on the land currently classified as grasslands and suitable for crop
production in section 3.1. In all the scenarios, the demand for cropland to produce feed does not exceed
the proportion of grassland that is considered to be of medium to high suitability for crop production. This
indicates that improving productivity as proposed in this analysis is unlikely to lead to increased
competition between feed and food production on the current cropland.
Table 4 The total land use (ha) for meat and milk production in each production system under the five scenarios,
with the total output kept at the baseline production levels (scenario S1).
Land footprint of livestock production of meat and milk
Production
system

Arid

Semi-arid

Humid

Total

Land use type

Grassland
Feed Cropland
Total
Grassland
Feed Cropland
Total
Grassland
Feed Cropland
Total
Grassland
Feed Cropland
Total

Scenarios
S1
1,915,650
1,915,650
1,045,000
4,850
1,049,850
752,100
132,400
884,500
3,712,750
137,200
3,850,000

S2
1,915,650
1,915,650
742,500
307,350
1,049,850
422,200
462,300
884,500
2,783,300
765,900
3,850,000

S3
1,915,650
1,915,650
570,600
479,250
1,049,850
209,650
674,850
884,500
2,197,600
1,146,250

S4
1,122,750
1,122,750
454,750
11,900
466,650
387,250
135,750
523,000
1,964,750
147,600
2,112,400

S5
780,500
780,500
269,300
5,000
274,300
167,500
418,300
585,800
1,217,300
423,300
1,640,600

3,850,000

Land use per tonne of product in scenario S3 is the lowest across all the production systems (Figures 4ab) mainly due to the improvement in ruminant productivity of meat and milk and drop in the use of
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grasslands. The converse is the case for the use of cropland, which increases from 0.27 ha/tonne to 0.33
ha/tonne for meat production as the level of intensification advances from scenario S4 to S5 in the humid
system. This is despite the increased FCE and carcass yield in S5. The highest rate of land use, 0.3 ha/tonne
and 11.9 ha/tonne for milk and meat production, respectively, were recorded for scenario S1 in the arid
system. Scenario S5 in the humid production system exhibits the lowest level of land use per tonne, 0.11
ha/tonne for cattle milk and 0.72 ha/tonne for sheep and goat meat, even after allowing for cropland use.
Scenario S5 exhibits the largest cropland footprint for both milk and meat, 0.09 ha/tonne and 1.79
ha/tonne, respectively. Overall, land use per tonne of product is highest for cattle due to their poorer feed
conversion efficiency relative to that for shoats. We omit the results for camel as we did not analyse the
effect of the changes in productivity on camel milk and meat production under the five scenarios.

Milk grazing land footprint

Milk crop land footprint

0.35

Milk Land use (ha/tonne)

0.30
0.25
0.20
0.15
0.10
0.05
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Arid
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S4

S5

Semi-arid

S1

S4

S5

Humid

Cattle

S1

S4
Arid

S5

S1

S4

S5

Semi-arid

S1

S4

S5

Humid

Shoats

Figure 4a: Land productivity for milk under each of the three production systems (arid, semi-arid and humid) for
scenarios S1-S5.
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Figure 4b: Land productivity for meat in each of the three production systems (arid, semi-arid, humid) for scenarios
S1-S5.

3.4

Discussion

In this section we discuss the implications of increased livestock production with intensification on food
security in Kenya in sections 4.1 through to 4.2. We then discuss levels of intensification under the five
scenarios and how they affect production potential in sections 4.3 through to 4.5.
3.4.1

Increased livestock production potential or output

Recognition of the challenges likely to be posed by the projected growth in demand for livestock products
to natural resources has prompted diverse stakeholders to form alliances, such as the multi-stakeholder
forum under the Global Agenda of Action, to consider how best to bridge the efficiency gap and improve
other aspects of livestock production (FAO 2013). The production scenarios we consider represent
possible paths to increasing production within the prevailing land constraints. The increased production
under scenarios S2 and S3 is rather large and may seem hard to attain in practice. The absolute
improvements in meat and milk production per animal are, from very low levels, about 5 kg/cow/day to
20 kg/cow/day for milk and about 76 kg/animal to 216 kg/animal for carcass yield. In the humid mixed
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crop-livestock systems, there are far more opportunities to improve milk production than in the drier
semi-arid and arid systems. Furthermore, dairy production is currently the most economically important
livestock production activity in Kenya (Behnke and Muthami 2011). It would therefore be worthwhile
exploring how to further improve productivity in this sector within the humid production system, including
the development of synergies between crop and livestock production (Tarawali et al. 2011). When
considered alongside the exceptional returns on investment realised in the humid system (Nicholson et
al. 2004), dairy production in this system shows the greatest promise to improve livestock productivity in
Kenya. However, there is increasing realisation that future production improvements will need to be more
targeted at the small rural farmer communities, increased efficiency of production and developing more
market-oriented systems of both production and supply chains (Headey and Jayne 2014). The current
rapid urbanisation in Kenya, with a doubling in urban population size expected by 2050 (UN 2014), will
almost certainly accelerate the development of urban markets, and hence increase the flow of products
from the farm gate to the urban consumers, and hopefully raise the income of livestock farmers.
In order to make more land available for feed crops, it will be important to sensitize the farmers on the
opportunities to meet both food and feed production and benefit from dairy and meat production. This
would be achievable if the key elements of intensification embodied in scenarios S2 and S3 are adopted
and practiced by farmers. Nevertheless, most farmers will likely not have sufficient resources and
technical know-how to make the changes necessary to benefit from the anticipated increase in output
from improved management practices and the associated enhanced productivity (Upton 2004). This calls
for investment by governments and other development actors to enable farmers acquire the resources
and skills needed to improve productivity of the indigenous breeds of cattle and small ruminants in the
low-input systems (Klapwijk et al. 2014).
Our results show that opportunities for meat productivity improvements are much larger in the arid and
semi-arid systems than in the humid systems. We also show that the increase in production of meat from
scenario S2 to S3 expected for cattle in the humid systems is not likely to be realised due to the suboptimal
FCE relative to the current high cropland use in scenario S3. In the drier areas, where the common
livestock breeds thrive on a diet composed mainly of natural grasses and produce below their potential,
there are more opportunities to improve meat production. Hence, we expect large changes in production
in these systems as productivity increases from the baseline scenario S1 to scenarios S2 and S3. These
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potential productivity improvements are already being realized in private ranches in these systems. Here,
pure breeds, like the Boran, and their crosses with exotic breeds, e.g. Simmental, are reared under
exclusive grazing and feed supplementation, making it possible for farmers to obtain relatively high
carcass yields (Kahi et al. 2006). In the humid system, there are more constraints on land for livestock
production and stronger influences of other factors. For example, better access to markets for the
increased output, especially for milk, have led to the adoption of various production intensification
strategies (Udo et al. 2011).
3.4.2

Implications for food security

Poverty and the associated high levels of malnutrition are a major and persistent challenge for many
African countries (FAO et al. 2014). Sustainable intensification of production thus presents a viable
pathway to effectively confronting both challenges in a world with finite land resources and a rapidly
expanding human population. Although staple crops dominate the diets in many African countries, the
domestically generated supply of these cereals is often below per capita requirements. In Kenya, this is
linked to continued reliance on relief food in several arid and semi-arid areas. Though this is not always
as much a problem of production as it is of food distribution, there is no gainsaying that large parts of
Kenya, especially the arid and semi-arid areas that produce most of the meat consumed in Kenya, are
currently extremely food insecure. That 40% of land considered unsuitable for cultivation is currently
under cultivation in the semi-arid system is a strong indication of a growing need to contain rising levels
of food insecurity and the need to enhance productivity by promoting and encouraging (e.g., through
providing incentives) land uses optimal or appropriate for particular production systems or agro-climatic
zones.
Increasing the production of milk and meat through intensification would raise the level of food security
and enable farmers to increase their incomes from livestock and enhance their ability to purchase food
and meet other family needs, like better health care and education. However, allowance needs to be
made for the fact that any benefits from intensification of production would need to be adjusted for the
various trade-offs of implementing the associated innovations. Accordingly, an analysis that evaluates all
the costs and risks associated with intensification for individual farmers would help further clarify and
strengthen the argument for increased income to farmers due to intensifying their livestock production
enterprises.
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Another pertinent issue to consider is the rate of Kenyan population growth. Although the actual growth
rate has slowed down in recent years, projections point to about a 60% increase in the coming 20 years
(UN 2013b). This underscores the extreme importance and urgency of investing in increasing agricultural
productivity to meet the projected upsurge in demand. Finally, because it can simultaneously increase
production, income and nutritional security of small-scale farming families, and save land for other uses
such as conservation, intensification holds the greatest promise to successfully improving livestock
production in Kenya.
3.4.3

Decline in quantity of land used through intensification of production

Land scarcity is a major constraint to livestock production in the semi-arid and humid production systems.
Almost 40% of the area already cultivated in the semi-arid and humid production systems occupies land
not considered as highly suitable for crop production. This indicates a greater demand for cropland than
what is currently available. However, both the semi-arid and humid systems have land under pasture,
which is classified as highly suitable for crop production, and so could be converted to produce both food
and feed. In addition, if the level of intensification were advanced from the current level, S1, to
productivity scenarios S4 and S5, more land under pasture could also become available for crop
production.
Conversion of suitable grassland to crop production provides the opportunity to meet the twin objectives
of increasing both ruminant livestock output and relieving the constraint of unavailability of land for
livestock production. This can be accomplished through the cultivation of dual purpose high-yielding crops
for both food and feed, such as sweet potatoes (Ipomoea batatas), maize (Zea mays), cowpeas (Vigna
unguiculata) and groundnuts (Arachis hypogaea). Such crops are being developed to aid the adoption of
improved technologies such as exotic livestock breeds that require more fodder and concentrates to
ensure optimal production (Blümmel et al. 2003, Claessens et al. 2008). Conflicts between the production
of food and feed crops will remain though. Currently, 36% of the calories produced by the world's crops
are being used for animal feed, but due to conversion losses only 12% of those feed calories ultimately
contribute to the human diet, as meat and other animal products (Cassidy et al. 2013).
The pressure on land for livestock production is highest in the semi-arid system, where land availability
for agriculture is lowest. This finding adds a quantitative dimension to and reaffirms similar conclusions

60

derived from qualitative analysis carried out by Shiferaw (2002). It is mainly the relatively higher rainfall
levels in the semi-arid areas than in the arid system that facilitates crop-livestock interactions and
increases land demand in these zones. Land scarcity in this system can be alleviated by adopting
production of drought-resistant and yield-improved dual-purpose crops such as sorghum (Sorghum
bicolor), thereby improving both farmer nutrition and livestock feed supply (Sutherland et al. 1999,
Olembo et al. 2010). Additionally, through the intensification process embodied in scenarios S4 and S5,
the consequent land sparing effect would avail more land for maintaining wildlife and other ecosystem
goods and services that promote ecosystem health and the resilience of socio-ecological systems (Foley
et al. 2005).
For the arid system, there are seemingly vast grasslands for livestock production. Production in this system
relies on seasonal access to the grasslands due to large seasonal variability in pasture availability.
However, the operation of many biophysical and non-biophysical processes, such as land fragmentation
through fencing (Ogutu et al. 2013, Ogutu et al. 2014), and rising conflicts over access rights to water and
pasture, hinder production in these systems by putting additional constraints on the availability and use
of these vast grasslands for livestock production. Such constraints are hard to capture by the methods we
used to assess resource use on these grasslands, so our estimates of the availability of these grasslands
for livestock production are probably overestimates. Additionally, the availability of grazing land in this
system is likely to be further reduced by the increasing frequency and severity of droughts (Williams et al.
2012), natural resource conflicts (Menkhaus 2015) land degradation (Mundia and Aniya 2006), large scale
mining and infrastructure development. Due to these and other constraining factors, the opportunities
and prospects for improving production at the crop-livestock interface in these dryland systems are
currently very limited (Robinson et al. 2015). Most gains in the livestock sector in this system will thus
likely be realized by enhancing production efficiency, increasing resilience to diseases and droughts as
envisioned under scenarios S4 and S5. Additionally, due to the high availability of grazing land at the
current numbers of livestock, there exists a high potential to increase herd size and total output from
cattle, sheep and goats.
A valuable extension of the assessment of land availability for livestock production should entail
estimation of the total biomass available for grazing and browsing in each of the production systems. Such
biomass estimates corrected for proper use factors and harvestable biomass fraction before
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multiplication with the available land area (De Leeuw and Wilson 1987, De Leeuw and Tothill 1990, FAO
2010), could deliver improved and more accurate estimates of the attainable livestock production
increase under different scenarios.
As livestock production practices become more intensified in Kenya, we expect a reduction in the average
herd sizes used for production. Currently, herders keep huge herds for a variety of reasons, including
coping with risks and cultural reasons, such as prestige, and not necessarily due to economic
considerations per se. Consequently, the expectation of a reduction in the average herd size with
advancing intensification implicitly assumes huge changes in the behaviour of hundreds of thousands of
farmers and herders and that the relevant and enabling policies, institutional arrangements, markets,
supporting information, services, inputs, and other essential requirements will be made available,
accessible and affordable in order to realize the potential of the contemplated intensification (Biggs 2007).
The reduction in herd sizes with increasing intensification would be expected to be more pronounced in
the arid and semi-arid areas than in the humid areas where herd sizes are already small. Furthermore,
even though the reduction in herd sizes following intensification would mirror that associated with the
change from pastoralism to settled agro-pastoralism, the farmers would likely derive greater benefits
from the few herds than do agro-pastoralists, if intensification would increase livestock productivity
beyond the levels achievable under agro-pastoralism. Although the anticipated meat and milk yields
under the most productive scenario, S3, are quite modest relative to the yields realized under similar
climatic conditions, for example in Australia, the decline in land use due to intensification from scenario
S1 to S5 is quite high, approximately 100% overall. Decreased demand on land associated with advanced
intensification would reduce the pressure on land, allowing rotational grazing and fallow periods. Reduced
pressure on land would also free up land for the preservation and conservation of biodiversity and
ecosystem services, reduce habitat degradation, which is currently widespread in Kenya (Bai and Dent
2006), and allow for recovery of the already degraded habitats (Georgiadis et al. 2007, Navarro and Pereira
2012).
3.5

Conclusion

Our findings highlight the potential for intensifying livestock production in Kenya and the associated tradeoffs, which can be summarized as follows.
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1. It is potentially possible to expand the production of meat by 71% and of milk by 51% in Kenya
using the currently available cropland. Meat production could even be increased by as much as
113% and milk production by up to 80% by increasing ruminant productivity and availing
additional cropland for livestock production. However, both scenarios have costs and risks
associated with intensification of production on the available cropland which would need to be
taken into account.
2. The competition between the production of feed crops required to support production under the
anticipated intensification, and production of food crops, biofuels as well as space for the rapidly
expanding human settlements, is likely to be intense because the land area currently under feed
crops would need to be expanded by 50-300%, at the expense of the other competing land uses.
Increasing the role of crop residues and other food by-products in livestock diets would help ease
the pressure to expand croplands for exclusively producing livestock feeds.
3. The arid systems have the greatest potential to increase overall meat production under improved
management practices in Kenya. But milk production by cattle in the humid system possesses the
highest potential for increasing production to meet the projected increase in demand and ensure
self-sufficiency in milk supply in Kenya. It is noteworthy, however, that challenges presented by
diseases and pests along with other social and cultural constraints (e.g. free-ranging goats limiting
intensification efforts; the women who are responsible for many livestock activities having limited
decision-making power and accessibility to the income earned) in the lowland humid areas are
huge, and have severely slowed the adoption and development of profitable dairy enterprises
unless promoted by big external donor funded projects.
4. Increasing productivity of livestock, food and feed crops would reduce the demand for even more
land for production and hence avail more land for environmental conservation, settlements,
infrastructure development and other uses. Environmental conservation can be enhanced by
confining livestock to less land using, for example, zero-grazing as is currently practiced in the
humid system. As the zero-grazed animals are stall fed, cultivation of feed can be carried out in a
manner that ensures little degradation of landscapes and that degraded landscapes are restored
through appropriate cultivation practices.
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4

Urban consumption of meat and milk and its green and blue water footprints
– patterns in the 1980s and 2000s for Nairobi, Kenya3.

Abstract
The problem. Various studies show that the developing world experiences and will continue to experience
a rise in consumption of animal proteins, particularly in cities, as a result of continued urbanization and
income growth. Given the relatively large water footprint (WF) of animal products, this trend is likely to
increase the pressure on already scarce water resources. Aim. We estimate, analyse and interpret the
changes in consumption of meat and milk between the 1980s and 2000s for three income classes in
Nairobi, the ratio of domestic production to imports, and the WF (the volume of freshwater consumed)
to produce these commodities in Kenya and abroad. Results. Nairobi’s middle-income class grew much
faster than the overall population. In addition, milk consumption per capita by the middle-income group
grew faster than for the city’s population as a whole. Contrary to expectation, average meat consumption
per capita across all income groups in Nairobi declined by 11%. Nevertheless, total meat consumption
increased by a factor 2.2 as a result of population growth, whilst total milk consumption grew by a factor
5. As a result, the total WF of meat consumption increased by a factor 2.3 and the total WF of milk
consumption by a factor 4.2. The increase in milk consumption was met by increased domestic
production, whereas the growth in meat consumption was partly met through imports and an
enlargement of the footprint in the countries neighbouring Kenya. Discussion and conclusion. A likely
future rise in the consumption of meat and milk in Nairobi will further enlarge the city’s WF. Given Kenya’s
looming blue water scarcity, it is anticipated that this WF will increasingly spill over the borders of the
country. Accordingly, policies aimed at meeting the rise in demand for meat and milk should consider the
associated environmental constraints and the economic implications both nationally and internationally.

3

Published as Bosire et al. (2016a).
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4.1

Introduction

Urbanization is one of the three major processes driving the “livestock revolution” currently underway in
many developing countries (Delgado et al. 1999). Advancing urbanization together with growing human
populations and continued economic growth, engender rising food requirements and a change in dietary
preferences towards more livestock intensive diets, consisting of more meat, milk and eggs (Crosson and
Anderson 1994, van der Zijpp 1999, Ndambi et al. 2007). Not surprisingly, both the production and
consumption of animal source foods (ASFs) in developing countries are projected to increase (FAO 2016).
The anticipated increase in ASF consumption will likely lower the prevailing high levels of undernutrition
(FAO et al. 2015), which have been associated with inadequate consumption of protein (Ayele and
Peacock 2003, Narrod et al. 2011). Yet, despite the rising consumption of ASFs, there are major differences
in consumption patterns among different income classes, with the middle and upper income classes
consuming predominantly more ASFs, particularly from supermarkets (Thornton et al. 2007).
By 2014 about 54% of the global population was estimated to live in urban areas, compared to 30% in
1950. There is a huge difference in the level of urbanization between industrialized and developing
countries, with around 75% living in urban areas in North America, Latin America and Europe, 48% in Asia
and 40% in Africa. Up till 2050, the number of global urban dwellers is projected to increase by 2.5 billion
and reach a total of 6.3 billion; 90% of this increase is projected to take place in Asia and Africa. When
only the urban population in sub-Saharan Africa for the period 2015-2030 is considered, future prognoses
indicate that the number of people transitioning from rural to urban life is estimated to increase by 115%
in 15 years, from 170 to 360 million (UN 2015).
Feeding urban populations requires large quantities of food to be transported into cities from surrounding
areas (Liu et al. 2013). With progressing urbanization, urban centres develop tele-connectivity and a
lengthening of food supply chains. Initially, agricultural products are supplied from only a few kilometres
away. As urbanization continues, distances become larger, extending from local to national, to regional
and finally to food imports from the global market. The highest degree of globalization is found in the
most advanced countries, where urban areas are based on service and industrial sectors, which provide
enough revenues to sustain long supply chains. In contrast, rural areas typically have lower population
density and enough land per capita to produce food for both the rural inhabitants and adjacent and
remote urban populations (Seto et al. 2012).
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The environmental impacts of livestock production represent a major challenge and source of concern
(Steinfeld et al. 2006a, de Vries and de Boer 2010, Gerber et al. 2013), and are expected to rise given the
projected expansion of the livestock sector in developing countries in the coming decades (Alexandratos
and Bruinsma 2012b). There is thus a pressing need to safeguard ecosystems and natural resources in
these countries, most of which are already experiencing considerable and varied pressures (Herrero et al.
2010a, Herrero and Thornton 2013). Following the fact that the majority of future consumers of livestock
products will be urban dwellers, a deeper understanding of the link between urbanisation and
consumption of livestock products, on the one hand, and natural resource use and its environmental
impacts, on the other, become increasingly important.
Consumption patterns and their associated socio-economic correlates have been widely studied and form
the basis for projections of future demand for food (Delgado 2003, Narrod et al. 2011, Msangi and
Rosegrant 2012). However, the relationships of these patterns to resource use, though highly intertwined,
have only recently began to be intensively analysed (Gerbens-Leenes and Nonhebel 2002, Rockström et
al. 2007, De Fraiture et al. 2010, Falkenmark and Lannerstad 2010, Molden et al. 2010, Fischer et al. 2011,
Gerten et al. 2011, Mekonnen and Hoekstra 2012), largely due to an increasing recognition of the growing
scarcity of water and land, which severely constrains agricultural production (Costa 2007, Molden 2007,
Hoekstra and Wiedmann 2014). Most of these studies have mainly focused on understanding the
environmental implications of food consumption in developed countries and their findings form the basis
for recommendations to reduce environmental footprints. However, the results from these studies are
seldom fully representative for developing countries. In Africa, studies of the relationship between
resource use and consumption patterns have focused almost exclusively on crops (Chouchane et al. 2015,
Pahlow et al. 2015). Consequently, there is an enhanced understanding of improved agricultural
productivity of crops (Conceição et al. 2016) and its implications for natural resource demand.
An important aspect of the environmental implication of consumption that has attracted relatively little
attention thus far is how urban growth and the associated increase in consumption of animal source foods
(ASFs) affects natural resource appropriation in Africa. As a result, more focused studies into the
relationship between resource use and consumption patterns in Africa are needed as a basis for
developing sound strategies for limiting adverse environmental impacts of the rapidly expanding and
changing consumption patterns.
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This paper aims to contribute to advancing our understanding of consumptive water use linked to the
consumption of animal sourced foods and its environmental consequences in an example developing
country. More precisely, it focuses on Kenya and the linkages between the premier urban area in Kenya,
Nairobi, and the use of water resources to produce the meat and milk consumed by its population. The
metropolis of Nairobi functions as a financial, political and infrastructural hub for the East African region
(Kearney 2012). Its population increased from about 140,000 in 1950 to 3.9 million in 2015, raising the
percentage of the total Kenyan population living in the capital city from 2.3% to 8.4% (UN 2015). The
fraction of Kenya’s population living in the four largest urban areas during the same period increased from
4.3% to 12.2% (CBS 2010), underscoring the rising importance of urban areas in Kenya (Obudho 1997).
Nairobi City is highly segmented, with pockets of affluent neighbourhoods, with people spending at least
50 US dollars a day, surrounded by informal settlements dominated by urbanites living at, or below, the
poverty line and spending about two dollars a day (Syagga et al. 2001, K'Akumu and Olima 2007). This
wealth inequality is reflected in the consumption of livestock products, with the poor households
consuming far lower levels than their affluent counterparts (Gamba 2005). Overall, about a quarter of the
meat supply in Kenya is imported, with livestock from the neighbouring countries of Tanzania, Uganda,
Somalia and Ethiopia constituting 22% of the total consumption (Muthee 2006, Tempia et al. 2010). The
rapid urban population growth in Nairobi and the associated changes in consumption levels of meat and
milk make this city a good case for analysing temporal trends and spatial differentiation in consumption
of animal source foods, and its associated water resource use.
The objective of this paper is to determine the sphere of influence exerted by the consumption of animal
products in Nairobi City, by quantifying the per capita and total amount of meat and milk consumed by its
residents (Section 2.2), assessing the fractions of these livestock products with domestic and foreign
origins (Section 2.2), and comparing the patterns for the 1980s and 2000s to show temporal change
(Section 3). The green and blue water footprints associated with meat and milk consumption are
estimated (Section 2.3), contextualized in terms of their domestic and imported components, and viewed
in relation to blue water scarcity in Kenya (Section 4). Thus, the study evaluates the geographic reach of
Nairobi’s externalized footprint.
4.2

Method
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Figure 1 shows the analytical steps followed in this study. We consider the change in urban population in
Nairobi between the 1980s (1980-1989) and 2000s (2000-2009). The city’s population is disaggregated
into three income classes: low, middle and high. Meat and milk consumption quantities are estimated per
income class. We consider meat from cows, goats, sheep and camels and milk from cows; we exclude
poultry and pork as their reported quantities in the diets are very low (Gamba 2005). We determine the
per capita and aggregate green and blue water footprints associated with meat and milk consumption in
Nairobi per income class per period (1980s vs 2000s). We distinguish between footprints within the
country and outside, thus visualizing the foreign water dependency ratio. Finally, the blue water footprint
of livestock production in Kenya is viewed in the context of blue water scarcity in the country.

Figure 1: The analytical steps followed in estimating the water footprint and sphere of influence of meat and milk
consumption in Nairobi between the 1980s and 2000s.

4.2.1

Study area

Nairobi is situated at the southern tip of the Kenyan Highlands, an area of high agricultural potential. After
Kenya’s independence in 1963, Nairobi changed status from provincial Kenyan district to one of the eight
administrative provinces. After the promulgation of the New Kenyan Constitution in 2010 the area
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became one of Kenya’s 47 counties. Today, Nairobi County consists of nine districts, namely Kamukunji,
Starehe, Makadara, Langata, Dagoretti, Westlands, Kasarani, Embakasi and Njiru. In addition to these
administrative changes, the actual area of Nairobi has almost doubled during the last century, from 384
km2 in 1910 to 695 km2 currently.
4.2.2

Population and meat and milk consumption data (Steps1-5)

We use census data from 1989 and 2009 from the Central Bureau of Statistics of Kenya (CBS), recently
renamed the Kenya National Bureau of Statistics (KNBS), as a proxy for the total population of Nairobi in
the 1980s (1980-1989) and 2000s (2000-2009) (GOK 2010). For each period we subdivide the number of
inhabitants into three groups: high, middle and low income classes. For the 2000s, we extracted
population data from Ledant (2011), whose estimates are based on the premise that the urban space is
highly segregated according to levels of affluence. Ledant (2011) uses three analytical steps, including
residential polygons, satellite data and household surveys, to generate sub-location polygons for seven
income classes. To divide the population in the 2000s into the three income groups, we firstly used the
residential polygons from Ledant (2011), satellite data and household surveys, to spatially delineate seven
income groups into the sub-location polygons. Secondly, we aggregated these into the three prescribed
classes: the first two low income groups in Ledant (2011) were classified as low, the next three were
classified as middle and the last two were classified as high income. This new proportional representation
was verified against the proportions reported by Odhiambo (2004). The two did not differ, thus confirming
the applicability of the reclassification approach used. Figure 2 shows the distribution of the population
in Nairobi into three income classes as described above. To estimate the population size for the 1980s,
we used the 1989 CBS census data at the sub-location level (the lowest administrative level used in the
Kenyan census). To estimate the proportions of the three income groups, we applied the proportions for
Nairobi estimated by Muwonge (1980).
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Figure 2: Income-class distribution for Nairobi in the 2000s, across the nine districts of Nairobi by sub-location and
residential type. Source: adapted from Ledant (2011)

We use a bottom-up approach to estimate the total amount of meat and milk consumed in Nairobi, i.e.
the “food end-use” (Wirsenius et al. 2010). This refers to quantities purchased by consumers. The
information about quantities of milk and meat consumed by different income groups in Nairobi in the
1980s and 2000s were collated from a wide range of sources (Shah and Frohberg 1980, Ouma et al. 2000,
Argwings-Kodhek et al. 2005, Gamba 2005, Njarui et al. 2011). We linked the relative affluence to milk
and meat consumption by assigning the quantities of milk consumed to the three income classes. Higher
income levels are generally linked to higher consumption levels of ASFs, leading to larger environmental
footprints. By disaggregating data by income class it is possible to account for variations in affluence and
environmental footprints. Meat and milk consumption are summed across the livestock species
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considered. Thus, we assume that the preferences associated with individual residents are implicitly
captured (Juma et al. 2010).
We assessed which fractions of Nairobi’s meat and milk consumption come from domestic production
and import based on the national ratio of total production to total import for these two product
categories, taking data from various sources (Muthee 2006, EADD 2008, Tempia et al. 2010). This allows
for an evaluation of the dependence of the city’s consumption on national production versus imports. The
precise sources of meat and milk consumed are determined from stock and supply routes for the live
animals and unprocessed milk sold in the Nairobi markets, respectively.
4.2.3

Assessing the water footprint of milk and meat consumption (Steps 6-12)

The water footprint of a product is the total amount of freshwater used to produce the good (Hoekstra et
al. 2011). It consists of three components. The green water footprint refers to consumptive water use of
rainfed soil moisture, the blue water footprint to the consumptive water use of groundwater and surface
water, and the grey water footprint to the volume of water required to dilute pollution (Hoekstra et al.
2011). In this study we focus on analysing the green and blue water footprints.
A water footprint can have both a domestic and foreign component. For the urban consumption of meat
and milk in Nairobi, the former refers to the consumptive freshwater use in Kenya to produce meat and
milk for Nairobi’s citizens while the latter refers to the consumptive water use in other countries to
produce meat and milk consumed in Nairobi. We use the bottom-up approach to estimate the green and
blue water footprints of consumption WFcons in Nairobi as follows:

(2)
where C[p] is the consumption of product p by consumers in Nairobi (tonne/yr) and WF*prod[p] the water
footprint of this product (m3/tonne). Since a quantity of product p consumed in Nairobi will generally
originate in part from within the country and in part from other countries, the average water footprint of
a product p consumed in Nairobi is calculated as in Mekonnen and Hoekstra (2011):
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(3)
in which P[p] represents the production quantity of product p in Kenya, Ti[ne,p] the imported quantity of
product p from exporting nation ne, WFprod[p] the water footprint of product p when produced in Kenya
and WFprod[ne,p] the water footprint of product p as in the exporting nation ne. The assumption made here
is that the total consumption volume originates from domestic production and imports according to their
relative volumes (Mekonnen and Hoekstra 2012). This assumption would be problematic if huge price
differentials or clear preferences existed between the meat and milk derived from the domestic and
foreign sources and when this would affect Nairobi’s buyer decisions differently than those in other parts
of Kenya. We are not aware of any compelling evidence that this is the case.
For the water footprint of imported products (WFprod[ne,p]) we use the data from Mekonnen and Hoekstra
(2012). For domestically produced products we used the weighted average of the water footprint from
three production systems (arid, semi-arid and humid systems) from which the meat and milk consumed
originate as described in Bosire et al. (2015) for both time periods. The main determinants of water
footprint of meat and milk that we considered include the composition of the livestock feed, water use
efficiency in feed crop production and the feed conversion efficiency of the animal. The main temporal
trend in these systems is towards higher efficiency in the production of meat and milk in the humid system
but a lower efficiency in the arid and semi-arid systems. This has lowered the water footprint per tonne
of product in the humid system, but raised it in the arid and semi-arid systems. For the imported milk and
meat, we use import proportions from Aklilu et al. (2002) for meat and from (EADD 2008) for milk imports
in the 2000s. We assume no imports for the 1980s, consistent with FAO estimates of meat and milk
imports into Kenya in the 1980s (FAO 2016).
The foreign water dependency of Nairobi’s meat and milk consumption is defined as the ratio of the water
footprint of Nairobi’s meat and milk consumption outside Kenya to the total water footprint of Nairobi’s
meat and milk consumption. The domestic water dependency is calculated as the domestic divided by the
total water footprint of Nairobi’s meat and milk consumption.
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4.3
4.3.1

Results
Population changes in Kenya and Nairobi between the 1980s and 2000s

Kenya’s population increased by 70% between the 1980s and 2000s (Table 1). During this period the rural
population grew by 38% and the urban population by about 240%. The population of Nairobi grew slower
than the total Kenyan urban population, and increased by about 150%, from 1.3 to 3.1 million. In the
1980s, Nairobi represented one third of the national urban population; this was one fourth in the 2000s.
Nairobi’s middle-income class showed the greatest rate of increase, quadrupling its size between the
1980s and 2000s. The low-income class doubled, while the high-income class showed the lowest growth,
about one and half times. Although all three income classes increased substantially between the 1980s
and the 2000s, the residential settlement pattern associated with the three income groups in the 2000s
(Figure 2) was not much different from the 1980s.
4.3.2

Consumption of meat and milk in Kenya and Nairobi between the 1980s and 2000s

Between the 1980s and 2000s, per capita consumption of meat and milk in Kenya increased by 9% and
17%, respectively (Table 2). The rural population had consistently lower meat consumption per capita
than the urban population. For the rural population, meat consumption per capita did not change
discernibly, but for the urban population it increased. Overall, the total consumption of meat in Kenya
increased over this period and the largest contributor to the increase in meat consumption in Kenya was
the total urban consumption, which almost quadrupled. In contrast, the rural population’s consumption
of meat only increased by 38%.
However, in Nairobi, per capita meat consumption declined over this period. Among the income classes,
the largest decline in meat consumption was in the high-income class. The doubling of meat consumption
in Nairobi was mainly a result of population increases; most pronounced was the 255% increase in the
total consumption of meat by the middle-income class.
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Table 1 Population and meat and milk consumption in the 1980s and 2000s for Kenya and Nairobi City.
Consumer
group

Kenya
Rural
Urban
Total
Nairobi
Low income
Middle
Income
High Income
Total
Nairobi’s
share in Kenya

Population
(thousand)

Per capita
meat consumption
(kg/yr)
1980s
2000s

Total
meat consumption
(tonne/yr)
1980s
2000s

Per capita
milk consumption
(kg/yr)
1980s
2000s

Total
milk consumption
(tonne/yr)
1980s
2000s

1980s

2000s

18,930
3,700
22,700

26,100
12,500
38,600

13
18
16

13
21
17

239,470
69,050
352,810

330,450
263,990
652,330

49
42
45

58
48
53

921,330
155,630
1,023,630

1,504,670
599,390
2,038,610

950
240

2,000
950

13
24

12
21

12,490
5,670

23,710
20,150

34
44

60
94

32,670
10,540

119,430
89,260

60
1,300

170
3,100

29
22

25
19

1,790
27,400

4,170
60,340

66
48

126
93

4,160
60,550

21,090
290,980

6%

8%

8%

9%

6%

14%

Kenyan milk consumption per capita increased by 17%, in rural areas by 18% and in urban areas by 15%.
Per capita consumption of milk was larger in rural than urban areas in both the 1980s and 2000s. For
Nairobi, the consumption of milk per capita increased by 93% between the 1980s and 2000s. This increase
was not even across all income classes: the middle income class more than doubled their per capita milk
consumption, while the low income class increased their consumption by 74%.
Total consumption of milk in Kenya increased by 95%, and was mainly due to a quadrupling of the total
urban population’s milk consumption. Nairobi’s consumption of milk increased five-fold between the
1980s and 2000s, with the highest increase, almost nine-fold, realized by the middle-income class. The
high-income class increased their total consumption almost five-fold between the 1980s and 2000s, while
the low income class increased their consumption three-fold.
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Table 2 Percentage changes in human population size, meat and milk consumption for Kenya and Nairobi between
the 1980s and 2000s.

Consumer group
Kenya
Rural
Urban
Total
Nairobi
Low income
Middle Income
High Income
Total

Change in
population

Change in per
capita meat
consumption

Change in total
meat consumption

Change in per
capita milk
consumption

Change in total
milk consumption

38%
234%
70%

0%
14%
9%

38%
282%
85%

18%
15%
17%

63%
285%
99%

110%
300%
166%
149%

-10%
-11%
-13%
-11%

90%
255%
133%
120%

74%
112%
90%
93%

266%
747%
407%
381%

Total supply in Kenya of both meat and milk increased between the 1980s and 2000s (Table 3). Though
domestic supply of meat in the 2000s was 35% higher than in the 1980s, imports grew to account for 27%
of the total supply in the 2000s. Domestic supply of milk in the 2000s was 97% higher than in the 1980s
and milk imports only accounted for 1% of the total milk supply in Kenya in the 2000s.
Table 3 Domestic and imported shares of meat and milk in the 1980s and 2000s for Kenya.

Domestic
Import
Total
% change in import

4.3.3
4.3.3.1

Meat supply (tonne/yr)
1980s
2000s
352,810
476,200
176,130
352,810
652,330
27

% Change
35
85

Milk supply (tonne/yr)
1980s
2000s
1,023,630
2,018,220
20,390
1,023,630
2,038,610
1

% Change
97
99

Water footprint of milk and meat consumption per income group
Per capita water footprint of milk and meat consumption

Figure 3 shows the water footprint of meat and milk consumption per capita per income class for the
1980s and 2000s. The 2000s had a consistently lower per capita water footprint associated with meat
consumption than the 1980s, mostly because of a decline in the per capita consumption of meat in the
2000s across all income groups. The high-income group had the highest per capita meat footprint in both
periods, which is consistent with the relatively high consumption of meat by this group.
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In the 2000s, the water footprint of milk consumption per capita was larger than in the 1980s for all
income groups, though the magnitude of the difference is not commensurate with the increased per
capita consumption of milk. This is mainly due to an increased efficiency of milk production in the humid
production system and the accompanying reduction in the weighted average water footprint in the 2000s.
The meat and milk water footprints were dominated by the green water footprint, which contributed 96%
to the total water footprint for milk consumption and 98% for meat consumption.

Figure 3: The water footprint of meat and milk consumption per capita by low, middle and high-income class in
Nairobi City, in the 1980s and 2000s.
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4.3.3.2

Total green and blue water footprint of milk and meat consumption

The total green and blue water footprint of meat and milk consumption in the 2000s was larger than in
the 1980s, due to the increased population of Nairobi. The largest total water footprint of consumption
was that for meat consumption by the low-income group in the 2000s (Figure 4). The middle-income
group had the second largest water footprint recorded for meat consumption in the 2000s, whereas the
high-income group had the smallest footprint for meat consumption in both the 1980s and 2000s, due to
the comparatively small size of this income group. The total water footprint of milk consumption showed
a similar pattern as observed for meat consumption, being largest for the low-income class. This is
associated with the higher numbers for the low-income group in the 1980s and 2000s, as well as an
increase in the per capita consumption of milk by this income class in the 2000s.
The total water footprint of meat consumption in Nairobi more than doubled between the 1980s and
2000s, while the total water footprint of milk consumption in Nairobi quadrupled (Table 3). The blue water
footprint associated with meat consumption doubled between the 1980s and 2000s. The emergence of a
blue water footprint of consumption of milk in the 2000s is associated with the inclusion of compounded
and supplemental feeds in the livestock diets in this period. Nevertheless, the green water footprint was
the largest component of the total water footprint in both the 1980s and 2000s because production of
livestock feeds was primarily through rain-fed cultivation and rarely depended on irrigation.
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Figure 4: The total water footprint of meat and milk consumption by low, middle and high-income class in Nairobi
City, in the 1980s and 2000s.

4.3.4

Domestic and foreign water dependence of meat and milk consumption in Nairobi.

The domestic water dependence of meat consumption in Nairobi declined from 100% in the 1980s to 61%
in the 2000s and the foreign water dependence rose from zero to 39% (Table 4). Milk consumption
remained almost entirely dependent on domestic water resources. The proportion of the water footprint
of Nairobi’s meat and milk consumption to the total water footprint of meat and milk consumption in
Kenya increased from 6.5% to 8% for meat and from 4.4% to 11% for milk between 1980s and 2000s.
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Table 4 Total water footprint of Nairobi’s meat and milk consumption in the 1980s and 2000s, specified into
domestic and foreign components, and the associated dependence ratios.

Water footprint

Total water
footprint of
Nairobi
consumption
(million m3/year)

Domestic water
footprint of
Nairobi
consumption
(million m3/year)

Foreign water
footprint of
Nairobi
consumption
(million m3/year)

Domestic water
dependence of
Nairobi
consumption
(%)

Foreign water
dependence of
Nairobi
consumption
(%)

1980s

2000s

1980s

2000s

1980s

2000s

1980s

2000s

1980s

2000s

Meat
Green
Blue
Total

810
10
820

1,860
20
1,880

810
10
820

1,130
10
1,140

-

730
10
740

100
100
100

61
65
61

-

39
35
39

Milk
Green
Blue
Total

80
80

340
10
350

80
80

330
10
350

-

4
0
5

100
100
100

99
99
99

-

1
1
1

4.4
4.4.1

Discussion
Consumption of meat and milk in Kenya and Nairobi

The average meat consumption per capita estimated for Kenya in this study is 17 kg per year for the 2000s,
which is higher than the 13 kg per year reported by FAO (2016). The per capita beef/mutton/chevron
consumption level of 17 kg per year for Kenya is much lower than in many other countries, like for example
Australia, Brazil and the USA, estimated to 52 kg per year, 40 kg per year, and 37 kg per year, respectively.
When poultry and pork are also included in the per capita meat consumption estimates, there is an even
greater difference in the meat consumption estimates between Kenya and some other countries. With
the addition of pork and poultry, meat consumption per capita is the highest at 120 kg per year in
Australia, followed by 116 kg per year in the USA, and 92 kg per year in both Brazil and Canada. The
inclusion of poultry and pork in the Kenyan average per capita meat consumption only adds a mere 0.8 kg
to the annual consumption, which leaves per capita meat consumption in Kenya at about one fifth of the
figures for the largest meat consumers.
In this study we have established that rural and urban consumption of meat and milk in Kenya show
different developments between the 1980s and 2000s. While the urban meat consumption per capita
increased, rural meat consumption did not change. In contrast to the increase in per capita meat
consumption across all urban areas in Kenya, the per capita meat consumption in Nairobi declined, which
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may relate to the combination of general price increases in Nairobi and a decrease in overall livestock
production in Kenya over this period (Gamba 2005, Bosire et al. 2015).
The average meat consumption per capita in Nairobi is slightly higher than in Kenya as a whole and mimics
the general rural-urban dichotomy of Kenya’s meat consumption pattern. Per capita meat consumption
in the low-income class was similar to the rural consumption in both the 1980s and 2000s. This may be
explained by the fact that recent migrants to Nairobi maintain their rural diets. Most rural migrants first
settle into the low-income class residential areas and may maintain this residence throughout their stay
in the urban areas. The largest annual per capita meat consumption is associated with the high-income
group. This consumption level is about three times the average consumption of meat estimated for Africa,
which is 9 kg per capita (FAO 2016). When compared with the estimates for the neighbouring countries,
the high-income class’s annual per capita meat consumption is twice as high as the average consumption
in Sudan and nearly four times higher than the average consumption in Ethiopia.
Price is a main driver of access to ASFs by Nairobi’s residents, leading to the varied consumption patterns
observed among the different income groups. Differences in the price and availability of milk and meat
are determined by the level of processing and the livestock species from which they originate (Ouma et
al. 2000, Gamba 2005). The consumption of beef, in particular, provides clear evidence for differentiation
along the affluence gradient as beef is one of the key livestock products consumed across all the urban
income classes (Gamba 2005). Among the various meat products produced in Kenya, beef ranks among
the most common at about 77% of total production (Aklilu et al. 2002). Sheep and goat meat are not as
widely consumed and are mainly consumed by the middle and high-income groups as roasted meat,
commonly referred to as ‘nyama choma” (Juma et al. 2010). Most low-income earners minimise their
consumption of non-home prepared foods, at restaurants and kiosks, as this requires a shift to a price
level only affordable to higher socio-economic levels (van 't Riet et al. 2003).
Milk consumption per capita in rural Kenya is about 10 kg per year higher than the urban consumption
rate. This is mainly the result of access to milk and direct consumption at home. Urban consumption
involves purchase, which may hinder access. Additionally, most milk in urban areas is consumed in the
form of tea with milk, which reduces the consumption quantities (Njarui et al. 2011). The national milk
consumption level of 53 kg per year per capita is much lower than the FAO estimate of 99 kg per year.
This is partly a result of the difference in approach, with the current study using a bottom-up approach
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whereas the FAO uses a top-down assessment method. The average per capita milk consumption in
Nairobi is however about twice as large as the national average milk consumption. This is indicative of the
increase in consumption of animal source foods (ASFs) associated with urban growth. The purchasing
power of Nairobi residents is also much higher than that in the other urban areas (Argwings-Kodhek et al.
2005) and may contribute to the larger consumption per capita. Compared to some of the large milk
drinkers in the world, such as the USA (256 kg/yr/capita) and Europe (219 kg/yr/capita), the consumption
in Nairobi by the low, middle and high income classes (60, 94 and 126 kg/yr/capita, respectively) is rather
low (FAO 2016). The gap in consumption between the high and low-income groups in Nairobi is quite
large. This persisted from the 1980s to the 2000s and the low-income class still consumed milk at the rates
characteristic of rural consumption. This finding is similar to that reported for milk and meat consumption
in Kerala, India (Renuka et al. 2009). The consumption of milk associated with Nairobi is mainly due to
good access facilitated by the close proximity to the milk production areas and to the fact that a large
quantity of milk is consumed unprocessed, allowing for affordable pricing for all the income classes.
Total milk and meat consumption changes in Nairobi between the 1980s and 2000s are a function of
population increase and changes in per capita meat and milk consumption. The 300% increase of the size
of Nairobi’s middle-income class contributed most to the increase in total meat and milk consumption.
The low consumption level in the low-income class is associated with a high incidence of undernutrition
and especially protein deficiency (Mboganie-Mwangi and Foeken 1996, Black et al. 2013).
4.4.2

Sources of meat and milk consumed in Nairobi

The sphere of influence of Nairobi’s meat and milk demand has grown with the increase in its population
size since the 1980s. The growth in Kenya’s GDP has not been rapid enough to lead to a dramatic increase
in the demand for meat per capita (WB 2015). Despite a stagnation in demand for meat per capita, there
is a large increase in total demand because of the growing population and a significant increase in the
quantities of meat imported from the neighbouring countries (Muthee 2006, Tempia et al. 2010). The 22%
increase in the import of live animals in the 2000s (Aklilu et al. 2002) was probably a response to the
decline in supply of livestock in Kenya. The stock routes for live cattle, sheep and goats showed that the
largest flow of these animals was directed towards Nairobi and Mombasa, with Nairobi receiving the bulk
of this livestock import (Tempia et al. 2010).
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In the 1980s, most of the ASFs and other perishable agricultural products consumed in Nairobi were
sourced from farmers in the highland areas to the north and some ranches to the south of the city. On
the contrary, cereals and other not highly perishable farm products were mainly ferried from rural areas
as far away as western Kenya. Immigration of a large number of people from regions farther away from
Nairobi increased the import of these cereals and vegetables (K'Akumu and Olima 2007). Housing schemes
such as the Umoja and Kariobangi schemes also pushed the dairy and ranching systems farther away from
areas within the early boundaries of Nairobi, thereby increasing the average distance from which these
products were sourced (Huchzermeyer 2007).
Milk imports have not constituted a large proportion of the total consumption in Nairobi and Kenya as a
whole. Milk imported from countries such as New Zealand, constitutes about 0.5% of the total milk supply
to the Kenyan market, and is mainly in the form of powdered milk, that can be reconstituted into liquid
milk by the processors (EADD 2008), or sold in small packages, as small as 10 grams, to low income groups
(Olok-Asobasi and Sserunjogi 2001). The imported milk is mostly used in the dry seasons. Sudan and Kenya
jointly have the largest dairy herds in sub-Saharan Africa (Karanja 2003), yet Sudan provides about twice
the quantities of milk per capita, compared to Kenya. Adopting a more resource-efficient production of
meat and milk would enable Kenya to reduce the reliance on external sources for ASFs. This is especially
important in light of the contemporary and projected growth of cities in Kenya.
4.4.3

Influence of income on water footprint of milk and meat consumption in Nairobi

As expected, our results show that the water footprint of milk and meat consumption in Nairobi is linked
to the socio-economic standards of the population. This finding reaffirms findings of other studies that
have documented dietary changes in response to changes in income and those that have looked at
resource use for countries with different income levels (Benjelloun 2002, Delgado 2003, Hoekstra and
Chapagain 2007). The water footprint in Nairobi changed as result of a combination of three factors:
changes in total population, changes in consumption of milk and meat per capita and changes in the
average footprint of production per unit of product (Bosire et al. 2015). The water footprint per unit of
meat increased over time following the decline in efficiency and productivity. The water footprint per unit
of milk, however, was reduced as a result of increases in productivity.
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The differences in the per capita water footprint of milk consumption between the high, middle and lowincome classes are slightly higher than the differences in the water footprints associated with meat
consumption. The large difference in the water footprints between the high and low-income residents of
Nairobi is due to a large difference between the quantities of milk consumed by the two income classes,
which relates to differences in access. Overall, the relatively large water footprint associated with meat
consumption is because meat generally has a large water footprint in comparison to milk (Bosire et al.
2015). In addition, the source areas for the local and imported meat are mainly classified as arid and semiarid regions and the breeds of livestock reared are mainly indigenous, low meat yielding breeds.
4.4.4

The domestic and foreign water footprints of milk and meat consumption in Nairobi

Between the 1980s and 2000s there is a substantial increase in the total import of meat but only a very
slight increase in the import of milk (Aklilu et al. 2002, EADD 2008). This leads to a much larger growth in
the domestic water footprint of Nairobi’s milk consumption than in the domestic water footprint of the
city’s meat consumption. The increase in the domestic water footprint of milk consumption in Nairobi
indicates a continued reliance on the domestic water resources for milk production despite an increase in
the total milk consumption. This is made possible due to an improvement in the milk production over this
period in Kenya. The domestic water footprint of meat consumption in Nairobi also increased between
the 1980s and 2000s. We observe an increased reliance on foreign water resources to meet the increase
in total meat consumption in Nairobi. The reliance on foreign water to meet the city’s meat consumption
is associated with a decline in livestock productivity between the 1980s and 2000s and partly explained
by depressed investments in the livestock sector especially in the arid and semi-arid production systems
(Bosire et al. 2015).
The green water footprint dominates both the domestic and foreign water footprint of Nairobi’s meat and
milk consumption in the 2000s. Generally, there is lower competition for green water than blue water
resources. The externalization of the water footprint of Nairobi’s meat and milk consumption to other
countries, through imports, frees the domestic water resources to be used for other purposes than
livestock production. It reduces the potential conflict arising from the use of limited domestic water
resources towards livestock production rather than for food crop production. On the other hand, it
increases dependence on foreign water resources, which are likely to become scarcer as well, particularly
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given that most imports come from neighbouring countries that face the problem of limited water
resources as well.
4.4.5

Urban growth, the resultant water footprint increase and the implications for blue water
scarcity

Any assessment of water footprints from increased food demand by urbanizing populations should take
into account the availability of and potential competition for water with the other sectors of the economy.
This is especially pertinent for developing countries, such as Kenya where the growth of urban areas is
expected to accelerate following the establishment of county governments in 2013. Blue water scarcity
can thus be expected to present a persistent and growing problem. Already, agriculture contributes as
much as 86% to the total blue water footprint in Kenya (Table 5). The municipal and industrial sectors
contribute only 13% and 1%, respectively. Although the blue water footprint constitutes a minor
proportion of the current total water footprint of animal source products (given the much larger green
water footprint), the blue water footprint of livestock production stands for as much as 31% of the total
domestic blue water footprint. In the humid production system, which represents an area of increased
efficiency and improved animal diets, where additional blue water consumption is associated with feed
crops in the livestock diets, livestock production is responsible for more than 43% of the blue water
footprint. In both the arid and semi-arid production system, livestock production contributes about 26%
to the total blue water footprint. Blue water consumption here is restricted to drinking and servicing
water.
Blue water scarcity in Kenya’s production systems is classified significant to severe (Mekonnen and
Hoekstra 2016). The blue water scarcity is considered severe in the arid system, while the semi-arid and
humid systems both exhibit significant blue water scarcity.
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Table 5. The blue water footprint (million m 3/year) in the 2000s and blue water scarcity in three production
systems in Kenya.

Production
system

Arid
Semi-arid
Humid
Others
Total

Food-crop
production

107.3
56.1
46.3
0.8
210.5

Blue water footprint of production
(million m3/year)
Feed-crop
Livestock
Household
Industry
production services

0
0
17.0
0
17

41.8
26.3
34.1

10.3
16.8
19.7
0.1
47

102.2

Kenya
total

1.1
1.8
2.1
0
5

160.5
101.0
102.2
0.9
381.7

Livestock
production
share of
total blue
WF in
Kenya
26%
26%
43%
0%
31%

Avg.
blue
water
scarcity

3.51
1.86
1.52

Sources: blue water footprint data from Hoekstra and Mekonnen (2012); blue water scarcity data from (Mekonnen and Hoekstra
2016). Livestock production shares concern both feed and service water footprints. Scale for blue water scarcity: low blue water
scarcity < 1, moderate blue water scarcity = 1-1.5, significant blue water scarcity = 1.5-2, and, severe blue water scarcity > 2.

The domestic water footprint of milk consumption associated with Nairobi is mainly in the humid
production system. This production system is classified as significantly blue water scarce. There are large
competing claims to the blue water resources in this system that precludes the use of the blue water
resources for cultivation of feed for milk production. Given the high level of blue water scarcity and the
competing claims for water, there is a need to enhance water use efficiency in milk production and to
consider alternative source areas for milk or less water-intensive protein sources than milk.
Meat is mainly sourced from the arid and semi-arid production systems, which jointly cover the largest
area of Kenya. The severe blue water scarcity, large water footprint for livestock production in the arid
system and increased total demand for meat may explain the strong rise in meat imports and foreign
water dependence. Also in the case of meat production, water use efficiency needs to be increased or
more water-efficient protein-rich meat alternatives could be considered.
4.5

Limitations and assumptions of the study

We have focused on the bottom-up approach to estimating consumption of meat and milk and not on the
supply of food at the wholesale level as is often done. The approach we use allocates consumption
quantities to different income groups. Our ability to estimate the consumption of meat and milk in Nairobi
was limited by the large diversity of diets and the large sample sizes needed to have accurate estimates
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of the consumption of these products. To minimize potential biases in the estimated consumption of meat
and milk, we relied on quantities documented by multiple household budget surveys (Shah and Frohberg
1980, Argwings-Kodhek et al. 2005, Gamba 2005, Njarui et al. 2011). We assumed that these data sources
were representative of the diverse quantities consumed by the highly socio-economically segregated
Nairobi population and both the rural and urban populations. We excluded poultry and pork from the
study as the pertinent data were difficult to gather at this scale, there was no consistent analysis of
consumption of these two products in the available literature, and the proportion of these two products
in the diets was low according to existing data (Gamba 2005). Consumption of poultry and pork are
projected to increase in developing countries and so both sources of meat should be given consideration
in future dietary analyses (Alexandratos and Bruinsma 2012a, Herrero et al. 2013).
The diets are linked to incomes, yet there are often massive differences in incomes quoted by different
studies, for example by Argwings-Kodhek et al. (2005) and Ledant (2011). The annual incomes for Nairobi
residents reported by Ledant (2011), are much lower, merely US$ 691, than the over US$ 1,440 reported
for the high-income class by Argwings-Kodhek et al. (2005) (1 US$ = 69.44 KES at the 2009 exchange rate).
Ledant (2011) acknowledges that responses by interviewees about their income amounts were often
inaccurate. This discrepancy with the income classification done by the Central Bureau of Statistics of
Kenya was corrected for in their methodology through the classification of residence types to more
accurately reflect income classes, using such factors as monthly rental rates, type of material used for
construction and area of land occupied by the residence. We assume that this correction negates the wide
discrepancy in the incomes assigned to the various income classes.
The scale of the income class disaggregation was not similar for the 1980s and 2000s, further limiting the
household-scale analysis of the changes associated with segregation patterns between the two periods.
We thus focused on the sub-location level which is consistent for both periods from the census reports
for Kenya for 1989 and 2009 and show no differences in the sub-location classification as low, middle or
high income regions. We represent the urban income class segregation using the spatial scale of Ledant
(2011), a baseline scale recommended for use in future consumption studies for Nairobi.
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4.6

Conclusion

Between the 1980s and 2000s the population in Nairobi increased by 150%, from 1.3 to 3.1 million, which
was twice the rate of the 70% population growth for entire Kenya. The rapid population increase in Nairobi
is the main reason behind the increased consumption of both meat and milk during these decades, with
120 and 380%, respectively. This shows that across all income groups there was a marked relative shift
from meat to milk. Out of the three income classes, it is the middle-income class that stands out with a
total consumption increase of more than 250% for meat and 750% for milk. However, taking the rapid
population increase into account, the per capita consumption displays a quite different pattern, with a
per capita meat consumption decline of 11% and milk consumption increase of 17%.
The water footprints of total meat and milk consumption in Nairobi were fully met by domestic water
resources in the 1980s. This had changed in the 2000s when the foreign water footprint of meat
production was 39%. The reliance on foreign water resources to meet the consumption of meat may be
viewed as a means to relieve pressure on the already scarce water resources in Kenya. At the national
level, animal production by the 2000s contributes 30% to total consumptive blue water use in Kenya. This
large contribution by livestock to the use of blue water will potentially increase with increased
consumption of meat and milk unless measures are put in place to improve efficiency of livestock
production.
Given the water scarcity levels in the areas of the three production systems, the Kenyan government
should be cautious in formulating and implementing policies aimed at increasing the proportion of meat
and milk in the diet. Careful consideration should be given to measures to improve the resource efficiency
of meat and milk production and the potential of increasing import from other more resource-endowed
countries.
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5

The effect of changing meat and milk consumption on future water and land
footprints in Kenya.4

Abstract
Population growth and rising affluence increase the demand for agricultural commodities, while
urbanization and globalization enlarge consumer-producer distances. The associated growth in trade in
agricultural products results in increasing dependence on natural resources in the producing regions. This
study assesses the impact of changing meat and milk consumption on natural resources use in Kenya,
considering two socio-economic development scenarios, namely the Business As Usual (BAU) and Kenya
Vision 2030 (S2030) scenarios. Two resource use indicators, water footprint and land footprint, are used
to represent human appropriation of water and land resources for meat and milk production, trade and
consumption in 2030. Overall meat and milk production and consumption are projected to be higher in
the S2030 than in the BAU scenario. The fraction of imported meat in total meat consumption is expected
to grow between 2009 and 2030 from 37% to 45% in both scenarios. The fraction of imported milk in total
milk consumption will remain at 13% in the S2030 scenario but grow towards 20% in the BAU scenario.
From 2009 to 2030, the water and land footprints of meat production will grow by 93% and 91% in BAU
and by 45% and 23% in S2030. The water and land footprints of milk production will both grow by 59% in
BAU and by 18% and 14% in S2030. The use of water and land for producing meat and milk in Kenya will
thus grow under both scenarios, but less in S2030 than in BAU, despite the stronger growth of meat and
milk consumption per capita in S2030, which can be explained by the smaller population growth in the
S2030 scenario and the greater improvements in water and land productivities in the S2030 scenario. The
Vision 2030 strategy for improving livestock production in Kenya is of great importance to reduce the
speed with which the environmental footprint of the sector will increase, but it will be insufficient to
stabilize or even reduce the sector’s footprint. Besides, reducing the dependency on foreign land and
water resources would require a yet more ambitious policy.
5.1

4

Introduction

Submitted to Food Policy (Bosire et al. Submitted)
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Human population has increased globally from an estimated 2.5 billion people in 1950 to the current 7
billion (UN 2013a). Population growth has been most rapid in the developing world where the growth rate
is spurred by high fertility rates (Spence et al. 2009). Alongside the population increase is a trend towards
diets that include more highly nutritive and resource-demanding livestock products. This so called
demand-driven livestock revolution (Delgado 2003) has been realized mostly in developing regions,
especially in Asia. Animal source foods such as milk and meat require more freshwater than crop-based
foods (Rockström et al. 2009, Mekonnen and Hoekstra 2012). Satisfying the increasing demand for animal
source foods is therefore constrained by the amount of water and land resources available for agricultural
production (Wirsenius et al. 2010, Stroosnijder et al. 2012).
While other countries may have a competitive advantage in other economic sectors, in sub-Saharan Africa
agriculture remains the pillar of many economies and the main driver of economic growth (De Fraiture et
al. 2010). Consequently, there have been repeated calls to develop and intensify agricultural production
in general and the livestock sector in particular as envisioned in initiatives such as the Comprehensive
Africa Agriculture Development Programme. However, agricultural intensification can have adverse
effects on the environment, as has been documented for the livestock sector, particularly intensified dairy
and pig production in developed regions (van der Zijpp 1999, Gerber et al. 2005). These negative outcomes
of agricultural intensification agendas point to a disconnection between policies that focus on enhancing
livestock production on the one hand and natural resource management on the other (Otte et al. 2012).
This realization has spurred the development of scientifically sound environmental indicators that provide
quantitative metrics for empirically monitoring and evaluating the environmental footprints of human
consumption (Hoekstra and Wiedmann 2014, Bruckner et al. 2015). The water and land footprints are two
such key indicators that are used to assess the impacts of human consumption on the appropriation of
freshwater and land.
In Kenya, the national vision for development, officially referred to as Kenya Vision 2030, outlines
strategies to be used by the national government to achieve middle-income status by 2030. The economic
pillar of Vision 2030 aims at an annual gross domestic product (GDP) growth rate of 10% from the year
2012 to 2030, while the social pillar seeks to establish a just and equitable society living under a secure
and clean environment. The political pillar aims at entrenching and nurturing a democratic system that
respects the rule of law and protects the freedom of every Kenyan. Increased prosperity in Kenya as
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envisioned by Vision 2030 will almost certainly result in increased consumption, especially of animal
source foods. The increased consumption will aggravate the pressure on the water and land resources
needed to meet the growing demand.
This study aims to understand how the policies on population fertility rates, livestock production and dairy
consumption, as formulated in Kenya’s Vision 2030, will affect land and water resources use, both within
and outside Kenya. This is achieved through the quantification and evaluation of the environmental
resources demand linked to the consumption of meat and milk in Kenya projected to the year 2030, the
anticipated end date of Kenya’s Vision 2030 strategy.
5.2

Method and data

We formulated two scenarios for Kenya towards 2030: the Business as Usual (BAU) scenario, which
assumes the continuation of current policies into the future, and the S2030 scenario, which assumes the
full implementation of Kenya’s Vision 2030 strategy. The scenarios are described in terms of changes in
population, total meat and milk production, water and land use efficiency in feed production, feed
conversion efficiency of animals, and consumption of meat and milk per capita. We consider total meat
and milk from ruminants (cattle, sheep, goats), leaving out meat from pigs and chicken as well as meat
and milk from camels. For both scenarios we use outputs from the Kenyan Threshold 21 (T21) model to
obtain future estimates for population and meat and milk production. The T21 model was specifically
developed to forecast the impacts of agricultural strategies and national development plans in Kenya and
was made suitable to assess the impacts of implementing Kenya’s Vision 2030 strategy (Züllich et al. 2015).
To date, the model has been used for climate change adaptation and comprehensive national
development planning in Kenya, analysis of green economy investment options, as well as for assessment
of alternative national strategies for malaria eradication (Pedercini et al. 2011, Züllich et al. 2015).
Consumption patterns and the usage of water and land resources are not included in the T21 model and
related variables in the two scenarios are assumed as described in the following section. Based on the
description of the two scenarios we estimate water and land footprints of meat and milk production,
assess the economic productivities of water and land use in meat and milk production, and estimate the
water footprint of meat and milk consumption, showing which parts of these footprints lie within Kenya
and which parts outside the country.
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5.2.1

Description of scenarios

Several issues are addressed in the Kenya Vision 2030 strategy. We focus here on population growth and
the production and consumption of meat and milk. Table 1 shows the status of a number of relevant
variables in the base year (2009) and assumed changes between the base year and 2030 under the BAU
and S2030 scenarios, assuming full implementation of the policies pertinent to each scenario. Figure 1
further shows total meat and milk production, consumption and net import in 2009 and in 2030 for the
two scenarios.
The BAU scenario assumes the continuation of the current trends in population, production and
consumption growth up to 2030, full implementation of the currently existing legislation and no
fundamental deviation from the current policies between now and 2030. Population size is estimated
based on decadal national censuses and projections based on fertility rates for the year 2009 (GOK 2010c,
2012). The BAU scenario assumes similar meat and milk consumption rates as those documented by
Gamba (2005) and Argwings-Kodhek et al. (2005) for Kenya today. Production parameters for meat and
milk are taken from Bosire et al. (2015) for the period 2000-2012. Trade in meat and milk is quantified
based on the food balance approach. Current trade is estimated based on figures for the year 2009.
The S2030 scenario assumes full realization of the Vision 2030 strategic goals. In this scenario, the
population growth rate is assumed to be based on halving the fertility rate between 2009 and 2030 (GOK
2012). The scenario is further characterised by a high economic growth rate, which translates into a higher
rate of consumption of animal source foods. The S2030 scenario assumes a 184% increase in total meat
consumption between 2009 and 2030 and a 121% increase in total milk consumption (GOK 2010b,
Alexandratos and Bruinsma 2012a). In this scenario, the projected growth in production is based on an
increased public investment in agriculture of up to 10% of the national budget and an average annual
growth rate of at least 6% in agricultural production as outlined in the Comprehensive Africa Agriculture
Development Programme (CAADP) from the African Union agreement. The overall goal of CAADP is to
eliminate hunger and reduce poverty through agriculture. The S2030 scenario assumes the adoption of
technologies and management practices that improve production. Trade in meat and milk is quantified
based on the food balance approach.
Table 1. The status of variables in the base year (2009) and assumed changes between the base year and 2030
under the Business as Usual and S2030 scenarios.
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Scenario for the year 20302
Business as usual
S2030
% change
% change

Base year1
(2009)
Population
Consumption of ruminant
products per capita (kg)
Production of ruminant
products (tonnes)
Meat WF (m3/tonne)
Green
Blue
Total
Meat LF (ha/tonne)
Grazing
Crop
Total
Milk WF (m3/tonne)
Green
Blue
Total
Milk LF (ha/tonne)
Grazing
Crop
Total
1

38,610,100

+63%

+29%

Meat: 17
Milk: 53
Meat: 374,840
Milk: 1,831,870

Meat: +23%
Milk: +10%
Meat: +93%
Milk: +59%

Meat: +101%
Milk: +77%
Meat: +147%
Milk: +122%

32,069
501
32,570

0%
0%
0%

-42%
-38%
-41%

4.86
0.36
5.22

0%
0%
0%

-62%
+105%
-50%

1,139
31
1,170

0%
0%
0%

-47%
-39%
-47%

0.17
0.02
0.19

0%
0%
0%

-65%
+63%
-49%

Sources: base year data on population from (GOK 2010c); WF and LF data from (Bosire et al. 2015); consumption of meat

and milk per capita from (Argwings-Kodhek et al. 2005, Gamba 2005)
2 Sources:

estimated changes of population, and total production of meat milk are taken from the output of the T21 model;

changes in WF and LF per tonne of product are taken from Bosire et al., (2016); changes in consumption of meat and milk
per capita from Erb et al. (2009) and (GOK 2010b), respectively.
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Figure 1. The production, consumption and net import of meat (upper graph) and milk (lower graph) in 2009 and
in 2030 for the BAU and S2030 scenarios.
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5.2.1.1

Population

Population growth is determined by birth and mortality rates. In the BAU scenario, population growth is
presumed to continue under the current high fertility rate of 4.6 children per woman, resulting in a
population growth of 63% between 2009 and 2030 (GOK 2012). The S2030 scenario is based on a
reduction of the fertility rate towards 2.1 children per woman in 2030, resulting in a population growth of
29%. Achieving the lower population growth as assumed under the S2030 scenario presupposes
increasing the effective contraceptive use rate from 27% under the BAU scenario to 40% under the S2030
scenario.
5.2.1.2

Production of meat and milk

The agricultural sector in Kenya has seen annual growth rates varying between 0.7% and 5.3% in the 1990s
(Ndung’u et al. 2011). In the BAU scenario, meat and milk production are assumed to continue growing
and become 93% and 59% larger than the current production, respectively, by 2030. For the S2030
scenario we use production growth rates assuming increased budgetary allocation as described in Züllich
et al. (2014). Meat and milk production under the S2030 scenario are assumed to grow between the base
year and 2030 by 147% and 122%, respectively. This assumption is motivated by the second and fourth
strategies in the agricultural sector improvement plan in the Vision 2030 document. The second strategy
aims to increase productivity of crops and livestock while the fourth strategy focuses on preparing new
lands for cultivation by strategically developing irrigable areas of arid and semi-arid lands for both crops
and intensified livestock production.
For the BAU scenario we assume that the prevailing feed crop yields remain unchanged and therefore
that the water and land footprints per unit of feed crop stay at their current levels. In the S2030 scenario,
we assume improvements in feed crop yields according to the “good” water productivity improvement
percentage in Ercin and Hoekstra (2014). The water and land footprints per unit of meat and milk
associated with improved livestock productivity under technology improvements are derived from
scenario S1 in Bosire et al. (2016b) for the BAU scenario and from scenario S3 for the S2030 scenario. The
relative distribution of production over the arid, semi-arid and humid production systems is assumed to
remain the same as in the base year.
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Overall, the average water and land footprints per tonne of meat and milk are lower for the S2030 than
the BAU scenario (Table 1). As we assumed no technological improvements in production in the BAU
scenario, there is no difference in the water and land footprints per tonne of meat and milk between the
BAU scenario and base year. In S2030, however, the water footprints per tonne of meat and milk will get
reduced by 41% and 47%, respectively. The land footprint per tonne of meat and milk will decrease in this
scenario by 50% and 49%, respectively. However, the overall smaller land footprint of meat and milk
production in the S2030 scenario is the net result of large decreases in the grazing land footprint, but very
substantial increases in the cropland footprint, related to the increased fraction of feed crops in the diet
of the animals in this scenario.
Due to large discrepancies in the various data sets on livestock production in the base year (2009), we use
the meat and milk production values from Bosire et al. (2015) and project production to 2030 using the
production growth rates from Züllich et al. (2014). The large discrepancies are brought about by the
inaccuracies inherent in the country level data prior to the 2009 livestock census. The estimates from
Bosire et al. (2015) are based on consistent livestock censuses by the Kenya Directorate of Resource
Surveys and Remote Sensing (DRDRS) covering the period 1977 to 2012.
5.2.1.3

Consumption of meat and milk

For the baseline year 2009 we used the data on consumption of meat and milk from Gamba (2005) and
Argwings-Kodhek et al. (2005). Since consumption of livestock products has not yet been developed in
the T21 model, changes in consumption had to be determined outside the model. Per capita meat and
milk consumption in the BAU scenario is assumed to grow with the same growth rates as were calculated
for the period 1980-2009 (Shah and Frohberg 1980, Argwings-Kodhek et al. 2005, Gamba 2005). The
growth of meat and milk consumption per capita in the S2030 scenario was estimated assuming full
implementation and realization of the Vision 2030 strategy.
Total consumption of meat and milk in the BAU scenario are projected to grow by 119% and 74%,
respectively (Alexandratos and Bruinsma 2012a). Due to lack of country-specific projections, total meat
consumption under the S2030 scenario is assumed to grow by 184% to meet the “less meat” scenario for
Sub-Saharan Africa described in Erb et al. (2009b). The less meat scenario has been selected because it is
the most plausible scenario for Kenya’s meat consumption into the future as opposed to the other
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scenarios in Erb et al. (2009b) which give as high as 400% increase in per capita meat consumption. Total
milk consumption in the S2030 scenario is projected to more than double, as targeted under Kenya’s dairy
development strategy (GOK 2010b), with an increase of 121% by 2030 relative to the base year.
5.2.1.4

Food balance analysis

In the Kenya Agricultural Sector Development Strategy, the government advocates self-sufficiency
through maintaining a balance between demand and supply of livestock products (GOK 2010a). However,
in neither of the two scenarios does the expected growth in production of meat and milk keep up with
the expected growth in consumption. To understand the implications of changes in consumption and
production on food self-sufficiency, we use a food balance approach (subtracting total production from
total consumption) to determine required imports of meat and milk by 2030.
5.2.2

Assessment of water and land footprints of livestock production and consumption

The water and land footprints of livestock production in the two scenarios are estimated following the
same method as in Bosire et al. (2015). The water footprint is an indicator of appropriation of freshwater,
from either a production or consumption perspective (Hoekstra et al. 2011). We consider here both the
blue water footprint, the consumption of blue water resources (groundwater and surface water), and the
green water footprint, the consumption of green water resources (rainwater in the soil). The land
footprint is defined here as the actual land used from either production or consumption point of view (Erb
2004). We will distinguish between two components in the land footprint: grazing land and cropland.
For both meat and milk, we calculate the water footprint of production and consumption as:
ܹܨௗ ሾሿ ൌ ܲሾሿ ൈ ܹܨௗ ሾሿ

(1)

ܹܨ௦ ሾሿ ൌ ܥሾሿ ൈ ܹܨ௦ ሾሿ

(2)

whereby P[p] is the production of product  in the country (tonne/yr), C[p] is the consumption of product
( tonne/yr), WFprod[p] is the average water footprint of the product produced in the country (m3/tonne),
and WFcons[p] is the average water footprint of the product consumed in the country. The products are
meat and/or milk from cattle, sheep and goats and camel. Whereas WFprod[p] depends on the water
footprint of production in the country (averaged over different regions and production systems), WFcons[p]
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depends on the water footprint of production in the country and on the water footprint of the production
in other countries for imported products.
Similarly, we calculate the land footprint of production and consumption as:
ܨܮௗ ሾሿ ൌ ܲሾሿ ൈ ܨܮௗ ሾሿ

(3)

ܨܮ௦ ሾሿ ൌ ܥሾሿ ൈ ܨܮ௦ ሾሿ

(4)

The dependency of Kenya’s consumption of meat and milk on domestic versus foreign freshwater and
land resources is derived from the ratios of domestic production versus imports.
5.2.3

Assessment of economic water and land productivity of meat and milk production

Economic water and land productivities of meat production in Kenya are estimated by dividing the total
value of meat production (Kshs/y) by the total water and land footprint associated with meat production,
respectively, and similarly for milk production. The values of meat and milk production are derived by
multiplying the unit price of meat and milk and their total production. Prices of milk and meat are assumed
to be constant. Although we expect increases in milk and meat prices during the projection period, we
assumed no price changes, since we are interested in comparing the two scenarios for each livestock
product. Additionally, the difference in price between meat and milk is consistent with the conclusions of
Syrstad (1993). The price of 1 kg of beef ranges between three to five times that of 1 kg of milk.
5.3
5.3.1

Results
Water and land footprints of meat and milk production in Kenya by 2030

Compared to the base year, the total water footprint of meat production increases by 93% in the BAU
scenario and 45% in the S2030 scenario. The total water footprint of milk production increases by 59% in
BAU and decreases by 18% in S2030 (Table 2). The total land footprint shows a similar trend: the total
land footprint of meat production increases over the period 2009-2030 by 93% in the BAU scenario and
23% in the S2030 scenario. The total land footprint of milk production grows by 59% under the BAU
scenario and by 12% in S2030.
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Between 2009 and 2030, the economic value of meat production increased by 93% and 147%, whilst the
economic value of milk production increased by 59% and 122% under the BAU and S2030 scenarios,
respectively. Both meat and milk production had higher economic water productivity under the S2030
than the BAU scenario. Though the economic water productivity of meat production is smaller than in
milk production, the water productivity in both sectors grows by more or less the same rate in the S2030
scenario. Economic water productivity of milk in 2030 is higher in S2030 (148 Kshs/m 3) than in BAU (78
Kshs/m3) scenario. Economic land productivity grows fast (by 100%) for meat production in the S2030
scenario.
Table 2 Water and land footprints and water and land productivity of meat and milk production at present and by
2030 under the BAU and S2030 scenarios.

WF of meat production (million m3/year)
WF of milk production (million m3/year)
LF of meat production (103 ha/year)
LF of milk production (103 ha/year)
Economic value of meat (million Kshs)
Economic value of milk (million Kshs)
Economic water productivity of meat (Kshs/m3)
Economic water productivity of milk (Kshs/m3)
Economic land productivity of meat (Kshs/ha)
Economic land productivity of milk (Kshs/ha)

5.3.2

Base (2009)

BAU

S2030

12,210
2,140
1,960
350
174,300
167,520
14
78
89,080
475,540

23,540
3,420
3,770
560
336,070
267,060
14
78
89,080
475,540

17,640
2,520
2,410
400
430,290
372,400
24
148
178,240
940,850

Water and land footprints of meat and milk consumption in Kenya by 2030

The water footprint of meat consumption per capita is about 5% smaller in the S2030 scenario than in the
BAU scenario despite the fact that the milk consumption per capita is more than 60% larger (Figure 2).
Similarly, the water footprint of milk consumption per capita is 16% smaller in the S2030 scenario than in
the BAU scenario. The land footprint of meat consumption per capita is 22% smaller in the S2030 scenario
than in the BAU scenario. The largest difference in land footprint per capita is between the per capita
cropland footprint for milk in the S2030 scenario and the BAU scenario. The cropland footprint in the
S2030 scenario almost quadruples relative to the base year for meat consumption because of the
increased use of feed crops in livestock production.
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Figure 2 Water and land footprints per capita for meat and milk consumption in 2030 for the BAU and S2030
scenarios.

Table 4 shows the domestic and foreign water footprints of meat and milk consumption in Kenya under
the two scenarios. The ratios of the domestic and foreign water footprints of meat consumption in the
base year differ slightly from that in the BAU and S2030 scenarios. The ratios of the domestic and foreign
water footprints of both meat and milk consumption in the BAU and S2030 scenarios in 2030 are similar.
Under the base year (2009) there is a 43% dependence on foreign water resources to meet the meat
demand as opposed to a 45% consumptive use of foreign water resources under the BAU and S2030
scenarios. Consumption of milk however shows greater dependence on foreign water resources under
the BAU scenario (20%) than under the S2030 scenario (12%).
Table 5 shows the domestic and foreign land footprints of meat and milk consumption in Kenya under the
two scenarios. In both scenarios, the foreign land dependence of meat consumption marginally grows
from 43% in the base year to 45% in 2030. Milk consumption relies more strongly on domestic land
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resources, both in the base year and the future, although the foreign land dependence will grow in both
scenarios.

100

41,830
650
42,480
4,170
110
4,280

20,920
330
21,250

2,330
70
2,400

2,790
90
2,880

31,640
530
32,170

Total water footprint of
consumption
(106 m3/year)
Base
BAU
S2030
(2009)

2,090
60
2,150

12,020
190
12,210
3,330
90
3,420

23,180
360
23,540
2,440
80
2,520

17,360
290
17,650

Domestic water footprint of
consumption
(106 m3/year)
Base
BAU
S2030
(2009)

240
10
250

8,900
140
9,040
840
20
860

18,650
290
18,940
350
10
360

14,280
240
14,520

Foreign water footprint of
consumption
(106 m3/year)
Base
BAU
S2030
(2009)

90
90
90

57
57
57

Meat
Grazing
Crop
Total
Milk
Grazing
Crop
Total

Land
footprint

6,330
470
6,800
620
80
700

3,170
240
3,410

345
45
390

280
170
450

3,150
1,240
4,390

Total land footprint of
consumption
(103 ha/year)
Base
BAU
S2030
(2009)

310
40
350

1,820
140
1,960
500
60
560

3,510
260
3,770
250
150
400

1,720
680
2,400

Domestic land footprint
of consumption
(103 ha/year)
Base
BAU
S2030
(2009)

101

35
5
40

1,350
100
1,450

120
20
140

2,820
210
3,030

30
20
50

1,430
560
1,990

Foreign land footprint of
consumption
(103 ha/year)
Base
BAU
S2030
(2009)

90
90
90

57
57
57

80
80
80

55
55
55

88
88
88

55
55
55

Domestic land
dependence of
consumption (%)
Base
BAU
S2030
(2009)

80
80
80

55
55
55

10
10
10

43
43
43

20
20
20

45
45
45

10
10
10

43
43
43

20
20
20

45
45
45

12
12
12

45
45
45

12
12
12

45
45
45

Foreign water
dependence of
consumption (%)
Base
BAU S2030
(2009)

Foreign land
dependence of
consumption (%)
Base
BAU S2030
(2009)

88
88
88

55
55
55

Domestic water
dependence of
consumption (%)
Base
BAU
S2030
(2009)

Table 5 Domestic and foreign land footprints of meat and milk consumption in 2030 under the BAU and S2030 scenarios.

Meat
Green
Blue
Total
Milk
Green
Blue
Total

Water
footprint

Table 4 Domestic and foreign water footprints of meat and milk consumption in 2030 under the BAU and S2030 scenarios.

5.4
5.4.1

Discussion
Population growth under the BAU and S2030 scenarios

An important challenge is the combination of population growth and increasing affluence. The future
size of Kenya’s population will inevitably affect the ability of Kenya to feed itself (Schell et al. 2007).
The available resources make it difficult to meet the self-sufficiency target. The main cause of
population growth is that the average birth rate in Kenya remains high whilst the average mortality
rate has dropped due to implementation of the Millennium Development Goals (GOK 2013). If Kenya
is to achieve the Vision 2030 goal of an increase in income with associated increase in meat and milk
consumption per capita, a more stringent demographic policy would be required than assumed in the
S2030 scenario. This can be achieved if the birth rate is further lowered, commensurate with the
reduced mortality rates.
5.4.2

Consumption changes under the two scenarios

Globally, consumption of meat and milk has grown since the 1970s, albeit at rates that vary across
countries (Alexandratos and Bruinsma 2012a). Meat consumption in the developing regions has grown
at a slightly faster rate (average rate of 5.1% per annum over the period 1979-1997) than milk
consumption (about 3.6 % per annum over the same period). However, between 1997 and 2007, the
growth rate in meat consumption in these countries decreased to 2.9% per annum (Alexandratos and
Bruinsma 2012a). The demand for meat in Kenya, in particular, is assumed to be rising at an
unprecedented rate (GOK 2010a), though various studies that focus on changes in meat consumption
suggest that it may not be growing at the perceived high rate (Alexandratos and Bruinsma 2012a). One
possible explanation for this discrepancy is that the growth in the middle class segment of Kenya’s
population may be pushing the perceived increase in demand. However, when averaged over all the
income segments, the fast increase in demand is no longer apparent.
5.4.3

Production changes under the two scenarios

The increased consumption must be met by increased production or imports. An increase in
production often forms a critical component of efforts to alleviate poverty. Indeed, agriculture-led
growth in Africa is currently more than twice as effective in reducing poverty as growth led by industry
(Conceição et al. 2016). The key to sustaining and enhancing growth in agricultural performance in
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Kenya will most likely lie in increasing smallholder productivity and investing in developing non-farm
activities (IFAD, 2013).
Improvements in the livestock sector are contingent upon the production of sufficient quantities of
compounded livestock feeds. Increasing livestock productivity should therefore also entail
concurrently increasing productivity in the crop sector, increasing feed crop quality and decreasing
water and land demand per unit of feed. In Kenya, maize is the major component of compounded
livestock feeds, as well as the main staple food. Maize productivity is unfortunately declining in many
parts of Kenya despite the rising demand, due to widespread land subdivision, land degradation
through soil erosion and other factors (Jones and Thornton 2009, Maitima et al. 2009). To meet both
the food and feed demands in Kenya, it will thus be necessary for farmers to be supported to increase
productivity of cereals higher than the levels envisioned in Kenya’s Vision 2030 strategy and
Agricultural Sector Development Strategy. Realizing the potential for large-scale production of feed
crops such as maize and wheat may lie in using the less exploited areas like Turkana and Tana River,
where farmers may be able to use their excess produce to make animal feed and where land
subdivision is still relatively less extreme.

5.4.4

Options to attain food self sufficiency

Meeting the food balance deficit can be achieved either through import or through increasing the
productivity of both crops and livestock. A country may decide to import goods or services that are
either essential to the country’s economic well-being or products that are highly sought after by the
citizens but are not sufficiently available in the domestic market. Additionally, a country may decide to
import products that can be produced at a relatively low cost or more efficiently by another country,
and therefore are sold at lower prices. In both cases, meeting the deficit through imports will require
that the source areas are able to produce surpluses and that the country requiring the product is able
to purchase the commodities (Bourguignon and Morrisson 1990). It is noteworthy, that some countries
are able to produce surplus dairy and meat (such as Brazil, India and New Zealand) which are, in some
instances, imported into Africa (Herrero et al. 2014). Currently, Kenya imports very low quantities of
milk which is mainly in powder form (EADD 2008). However, meat imports in the form of live animals,
are already equivalent to around 40% of the total demand. The trend of increasing import of meat is
continued under the two scenarios, which also show an increase in milk imports. To ensure that Kenya
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is able to purchase the shortfall in internal supply, there will be a need for Kenya’s income level to
grow in tandem with the growth in deficit level.
Another option is to further increase domestic livestock production. In Africa, currently ranked as the
continent with the lowest productivity per animal and therefore least productive in terms of livestock
production in the world, there is still a large potential to improve productivity (Tittonell and Giller
2013). In Kenya, under both scenarios, there is a need to import meat and milk. Even with increased
productivity under the S2030 scenario, there is still a need to import about 13% of milk and 45% of
meat. Therefore, productivity will need to improve even faster than under the ambitious high
productivity scenario S2030. However, several processes may diminish the likelihood of substantially
enhancing livestock productivity. These include high population density associated with reduced fallow
periods and land use intensification and the very limited level of successful non-farm diversification
options to farmers that are forced off their farms (Headey and Jayne 2014).
5.4.5

Water and land footprint associated with the two scenarios

This study has shown that in Kenya, both meat and milk production are mainly dominated by grazing
land and green water footprints, which have lower opportunity costs compared to cropland and blue
water, especially in the arid and semi-arid regions. However, crop land footprints and blue water
footprints are increasing under both scenarios, an increase related to the increasing use of feed crops.
The increase in the proportion of compounded and supplemental feeds in livestock diet is associated
with increases in meat and milk yields (Herrero et al. 2013). Supplying this increased proportion of
compounded and supplemental feeds translates into an increased crop land footprint, with the
potential to increase the competition for arable land for producing food crops. In the S2030 scenario,
with a relatively high proportion of feed crops in the livestock diets, the risk of this type of conflict is
higher than in the BAU scenario. In terms of the water footprint of meat and milk production,
increasing the production of maize through irrigation in arid and semi-arid areas, which is also partly
used as livestock feed, would increase the blue water footprint in both crop and livestock production.
These production systems in Kenya are already blue water scarce (Hoekstra et al. 2012) and so
increasing the use of irrigation would further elevate this scarcity and escalate the ongoing conflicts
caused by water scarcity.
An alternative to way of achieving greater food security in Kenya that has not yet received adequate
attention in governmental policies yet is to promote crop-based protein sources instead of animalbased protein sources. Since the former have a much smaller water and land footprint per unit of
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protein than the latter (Erb et al. 2012, Mekonnen and Hoekstra 2012), this offers a perspective on
reducing the environmental footprint of a population through the diet (Steinfeld and Gerber 2010,
Hoekstra 2014). Policies that aim to influence diets could thus supplement policies that aim to increase
productivity.
5.4.6

Economic water and land footprint associated with the two scenarios

The total economic value of meat and milk production in Kenya in the base year is valued in this study
at 342 billion Kenya shillings, an estimate which does not vary greatly from the estimate by Behnke
and Muthami (2011). However, the main contribution to this economic value in this study is meat
production as opposed to milk production as in Behnke and Muthami (2011). This apparent
discrepancy in the economic estimates is caused by the difference in the data sources used to obtain
the two estimates. Under the projections in the BAU and S2030 scenarios, the economic value of
livestock products in Kenya is set to be, respectively, 78% and 136% larger than the 2009 levels, mainly
due to increase in production as price has been assumed to remain constant for this analysis.
The economic water productivity of milk is much higher than that of meat, both in the base year and
in both scenarios (Table 2). This implies that milk production in Kenya generates higher value per unit
of water used compared to meat production. The same is observed for the economic land productivity
of milk versus meat. This observation may suggest that it would be more economically sound to shift
to or increase milk production and reduce meat production in Kenya and probably focus on importing
the latter. However, in reality this is much more complex due to the varied agro-economic conditions
in the production systems in Kenya. It would be possible to shift to specialization in milk production
for farmers in the highland areas of the country because of favourable climatic and soil conditions. In
the arid and semi-arid lands though, low and widely variable rainfall and land degradation make
livestock rearing for meat environmentally more appropriate (mainly green water and grazing land
used) in comparison to milk production.
5.4.7

Limitations

Underlying the S2030 scenario is the assumption that the necessary investments will be undertaken,
and that policies will be successfully implemented. We however are cognizant of several issues that
may introduce some bias into the outcomes of the projections used in this study. Firstly, completely
missing is a consistent database on projections for consumption of livestock products in Kenya.
Secondly, policy options for meat production and consumption are generally very limited. This
hampers the use of such models as the T21 model and therefore limits our capacity to reliably project
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likely future consumption related to the two products. Additionally, reliable estimates on the total
production estimates for meat production are scanty and inconsistent. There is more information
pertaining to milk production and consumption in Kenya, mainly as an outcome of higher investment
in the dairy sector in the more humid highland regions. Finally, we have not included the possible
effects (negative and/or positive) of climate change in our long term meat and milk productions
projections. The T21 model does not currently account for such factors, but we recognize that our
results could change if we were to account for the potential impacts of climate change in our
projections.
In this study, our milk and meat production estimates are aggregated over three production systems
in Kenya. Each system has a varying range of conditions, bio-physical and socio-economic, that favour
the production of either meat or milk and plausible changes may be expected to show different trends
per production system. Future research could focus on trends that differentiate amongst the type of
production systems of meat and milk production and additionally include effects of both climate
change on projected longer term patterns.
5.5

Conclusions

If the budget for agriculture is increased to meet the recommendations of the Comprehensive Africa
Agriculture Development Programme, meat and milk production in Kenya in 2030 can be expected to
grow 1.5 to 2 times faster than if the budgets are maintained at their current levels. However, this
magnitude of increase in production is not sufficient to meet the projected growth in demand for these
two products, and diminishes the self-sufficiency aimed for in Kenya’s policy strategy. It may be
possible to achieve the self-sufficiency target in meat and milk production under a more modest
increase in population numbers than that forecasted by the S2030 scenario. The projected growth in
population and in meat and milk production under the two scenarios does not match the growth in
consumption, leading to a widening of the gap between local supply and demand for these two
products.
In order to meet meat demand, it may be worthwhile considering import of meat from the
neighbouring countries or increasing production in the humid production system where the economic
costs of production may be lower, but where the competition with food demand will be greater.
Because meat has lower economic water and land productivities than milk, it may be worthwhile for
Kenya to consider importing meat and enhancing milk production, especially in the humid systems, to
meet the increased demand.
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Strategies that focus on increasing livestock and crop productivity lead to lowered water and land
footprints per unit of production, which creates room for increased production. However, land and
water resources in Kenya are already scarce and overexploited in some places. Besides, climate change
may adversely impact on the availability of water resources in the future.
The results of this study show that the amount of water and land for producing meat and milk in Kenya
will grow under both scenarios considered, but less in S2030 than in BAU, despite the stronger growth
of meat and milk consumption per capita in S2030. This can be explained by the smaller population
growth in S2030 and the greater improvements in water and land productivities in S2030. The Vision
2030 strategy for improving livestock production in Kenya is of great importance to reduce the speed
with which the environmental footprint of the sector will increase, but it will be insufficient to stabilize
or even reduce the sector’s footprint. Besides, reducing the dependency on foreign land and water
resources would require a yet more ambitious policy.
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6
6.1

Discussion and conclusion
Overview of the main findings

The discussion section is outlined based on overarching topics that are crosscutting through the various
chapters. The main topics are production and consumption of livestock products and their associated
environmental implications. The growing human population is exerting mounting pressure on various
resources, including scarce resources in livestock production systems. To satisfy the growing demand
for more livestock products, especially in developing countries, it is crucial and urgent to enhance the
efficiency with which scarce natural resources are used in livestock production systems. This can be
achieved through intensification of livestock production enterprises, as has been done in the
industrialised systems in developed countries. Assessing the changes in efficiency of livestock
production practices is thus an essential first step. Accordingly, this study assesses efficiency in
livestock production in the three major production systems in Kenya, namely the arid, semi-arid and
humid production systems, during the 1980s and 2000s. Past developments in livestock production in
Kenya that have led to diverse production practices are analysed in chapter 2. For these systems, the
analysis documents severe declines in productivity in the arid and semi-arid lands but concurrent
increase in productivity in the humid system where intensification has been achieved. Even so, a large
portion of areas with high agricultural potential located mainly in the humid system are now
considered as consisting of economically unviable farm sizes due to repeated land subdivision. In
chapter 3, scenario analysis is used to quantitatively and comparatively evaluate pathways through
which Kenya can enhance meat and milk production under the prevailing constraints. This analysis
exposes huge gaps in productivity between developing countries, such as Kenya, and most of the
developed countries (Godfray et al. 2010, Tittonell and Giller 2013). To bridge these gaps, we show
that, in Kenya, where about 80% of the country is classified as arid and semi-arid lands, there is a good
potential to more than double total meat production relative to the current levels by improving
productivity per animal. Similarly, for the humid system in which most milk is produced, it is possible
to increase production by about 50% through intensification. Chapter 5 highlights the need to raise
productivities of the Kenyan production systems for meat and milk as described in chapter 3 to be able
to meet the projected future demands for both commodities in Kenya in the near future. This is
especially so if the country is to achieve the strategic goals outlined for increasing agricultural
production in into the country by the year 2030.
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The role of livestock in improving nutrition and alleviating poverty in developing countries like Kenya
is well recognized and documented (Neumann et al. 2002, Randolph et al. 2007). However,
consumption of meat and milk is not uniform across demographic segments. This is not surprising since
the amount of animal source foods (ASFs) in diets increases with the level of income. Chapter 4
characterizes this difference in meat and milk consumption across income groups and its changes over
a 30-year period. Urban growth also has an influential impact on the consumption of ASFs. Expansion
in the number of people living in urban areas and the geographical extent of the urban areas, leads to
decoupling urban consumers from the production areas. The importance of trade in meeting the
growing urban consumptive demand increases (Seto et al. 2012). For instance, net imports of both
meat and milk are projected to increase with growing per capita income in Kenya (chapter 5). The
strategic goal to double milk consumption per person in the future contributes to an increased deficit
in local production. The increase in import of meat to meet local demand can also be seen when we
consider changes in consumption patterns of ASFs for Nairobi over a 30 year period (chapter 4). The
increase in imports is linked to a decline in local production of meat in Kenya over this 30 year period.
Considering the growth of the urban area in chapter 4, consumption of meat has not grown as much
as is anticipated given the growth trajectories in other regions with similar urban growth (Delgado
2003). Alexandratos and Bruinsma (2012a) support the observation in chapter 4 and indicate that the
growth in meat consumption expected from urban growth is usually not witnessed in most developing
countries.
The livestock sector is considered to be one of the leading contributors to the increase in
environmental degradation (Steinfeld et al. 2006b, Pelletier and Tyedmers 2010) and demand for
freshwater resources (Mekonnen and Hoekstra 2012). In view of these contrasting traits associated
with livestock, it can be expected that an increase in production to meet rising nutritional needs in
developing countries will need to be met through sustainable intensification (Pretty et al. 2011,
Tarawali et al. 2011). Chapter 3 presents and describes a few contrasting models for increasing
livestock productivity and shows that it is possible to increase productivity in Kenya through
sustainable intensification. The anticipated productivity increases are, however, likely not going to be
uniform throughout the country and thus should be more appropriately considered at the production
system level. At this scale, a better understanding of the appropriate intervention and level of
investment can be determined. The amounts of freshwater and land resources used for production
are determined mainly by production volumes, feed conversion efficiencies and related feed
composition. Also, green water and grazing land footprints dominate production of meat and milk in
Kenya. The increase in the water and land footprint associated with the decline in productivity over
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the 30-year period, demonstrated in chapter 2 is an indication of the inability of the current model of
meat and milk production in Kenya to sustainably meet the increase in demand for livestock products.
The avenues through which to increase meat and milk production at a lower environmental cost are
described in chapters 3. Though the efficiency improvement outlined in this chapter may increase
competition between feed and food production for available cropland, there is a lowered demand for
grazing land especially in the grasslands determined to be suitable for cultivation. This potentially avails
some cropland for production of feed and food, thereby minimizing the possibility of conflicts between
the production of these products. However, chapter 5 indicates that though the competition for
resources to produce feed and food may be minimized, the productivity improvements proposed will
still fall short of sustainably meeting the projected increased demand for ASFs.
Increase in imports through trade is often associated with a translocation of environmental pressure
(Hoekstra and Chapagain 2008, Erb et al. 2009a). The translocation in resource demand is mainly linked
to high-income countries (Weinzettel et al. 2013). As economic growth occurs in Kenya (Chapter 5),
there is an associated increase in the foreign water and land dependency towards meeting the growth
in demand for both meet and milk. Therefore, given the high scarcity levels of water and the conflict
arising from the use of land for livestock production in the three production systems, the current
policies aimed at increasing the proportion of meat and milk in the diet need to consider options such
as import to ensure sustainability in meeting demand growth. These include increasing import from
the more resource-endowed neighbours, and/or on improving efficiency within the meat and milk
production chains to minimize damage to natural ecosystems due to increasing meat and milk
production (Herrero et al. 2014). The latter can be achieved through improving feed conversion
efficiencies by rehabilitating degraded rangelands, adopting improved breeds and using appropriate
feed composition to ensure resource use efficiency under the water and land scarcity in Kenya.
6.2

Limitations and future research

There were several limitations encountered during this study. These have been used to make
recommendations for improving future research on resource use in livestock production. Firstly,
reliable time series data on resource use in livestock production systems are often either absent or
incomplete, thus representing a serious limitation. For in-depth analysis of the changes associated with
production and consumption of livestock products, there is a need for consistent and reliable data
collection and reliable sources of information. In assessing changes associated with production, lack of
information on yearly productivity changes in the different production systems restricted the scope of
analysis. The disaggregation of income into classes was not similar for the 1980s and 2000s, limiting
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the household-scale analysis of the changes associated with segregation patterns between the two
periods. As the current study has provided a baseline for analysis of production at disaggregated levels,
it would be useful to have future analysis at this scale to enable comparisons. This will also facilitate
the development of targeted interventions and policies. The land footprint as currently defined and
used is purely an area-based metric. Further analysis that considers land use types with differing
productivities will lead to improved method aimed at assessing land demand. This will greatly aid in
relinking consumers and producers to their associated demand for natural resources (Kastner et al.
2015). Given the increasing importance of trade and the resultant telecoupling –interdependencies
between apparently delinked consumption and production– future analyses of the land footprint of
consumption should consider using the land productivity differences approach in order to gain a better
understanding of the environmental implications of trade. This will likely also put land footprint
analysis at par with water footprint analysis and enable more reliable analyses that use composite
indicators of human appropriation of natural resources. Additionally, a land assessment that takes into
account the competition between human food production and animal feed production will aid in
better attribution of livestock’s contribution to food supply (van Zanten et al. 2016).
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