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Abstract
The majority of Uganda’s population lives in rural areas and these farm households are heavily reliant
on the climate for agricultural production. Uganda has always experienced climate variability and
climate-related shocks, but with climate change, these are expected to increase, with strong negative
effects on agricultural production. Although Ugandan farm households have diverse livelihoods
activities, food provision is highly dependent on the crop and livestock products that they produce on
their farms. Therefore, household food provision will be negatively affected by climate variability,
which directly affects household food security. Households in Uganda already apply strategies to
cope with climate variability, but as most of these strategies are short-term, they have limited longterm effects. The extent to which households are (and will be) affected by climate variability varies
considerably between households, agro-ecologies, and regions, and to have better targeted policy
interventions, a better understanding of which households are affected (and by how much) and who
is doing what to cope, is needed.
The purpose of this research was therefore to understand how climate variability affects household
food availability and coping strategies in three regions in Uganda: Mount Elgon, Rakai, and Nwoya.
The food availability (FA) indicator was used to approximate household food security for the study’s
61 households. Using three levels of farmer-reported crop production (normal, good, and bad
production of their most important crop, reported as a consequence of climate variability), three
levels of food availability were calculated for each household. Households were then classified under
three FA classes: class 1: food inadequate, class 2: food adequate, and class 3: more than food
adequate, based on their food availability. The study also analysed whether the coping strategies
adopted by households differed by region and crop type to shed light on the adaptive capacities of
households in the three regions. The effect on FA of seven intervention scenarios was analysed,
including increasing off-farm income, livestock production, and crop production, to identify
interventions with the most beneficial effect on the food availability of food inadequate households.
Eleven percent of the households were classified as food inadequate, with Rakai having the most
food inadequate households and Nwoya having the fewest. Twenty-one percent of the households
moved FA classes when production of their most important crop varied either positively or
negatively, indicating that crop production variability alone does not cause households to move from
one FA class to another. However, household food availability was very sensitive to crop production
variability, which illustrates that households were vulnerable to fluctuations in production of even
one crop. Across all three regions, 87% of households used a coping strategy during a climate-related
shock, but few households used ‘proactive’ coping strategies (28% for a good season and 39% for a
bad season). However, regional differences were found on the types of ‘proactive’ coping strategies
used and households also applied different strategies to different crops, indicating that coping
strategies are applied at the crop level, rather than across the whole farm. The intervention scenarios
that had the most beneficial effect on food availability were increased crop production in Nwoya and
increased dairy production in Rakai, although the latter option would benefit livestock-oriented
households most.
One effective policy measure to support food inadequate households in both regions would be to
boost household income, which would enable these households to diversify their livelihoods and
adapt to climate change, while also reducing the need for households to sell their assets. However,
policy interventions need to first understand the importance and role of different crops in farm
households’ decisions on coping and adaptation strategies. This would better capture the diversity of
actions that households take and could better support household-specific adaptation, or more
widely-applicable strategies.
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Introduction
Over 90% of the population in Uganda is dependent on rain-fed agriculture (Berman et al., 2014),
making farm households in the country heavily reliant on climate conditions for agricultural
production. Across the country farm households have always had to deal with unpredictable and
extreme climates, such as droughts and floods, while managing their farming and animal husbandry
activities (Fisher et al., 2015). Over the past half a century, Uganda has recorded an increase in mean
temperatures (Niang et al., 2014) and climate change is projected to lead to more variable and
unpredictable weather. Climate-related shocks such as droughts and floods are also projected to
increase in severity and frequency (Niang et al., 2014). Projections show that parts of the country will
experience more erratic rainfall (Berman et al., 2014; Kansiime, 2012), while other areas could be
affected by increased episodes of droughts and higher temperatures (Hisali et al., 2011). Other
studies showed that the ‘long rains’ (the first, more intense rainy season between March and June)
may start later (Kansiime, 2012) or that the second rainy season (the lighter rains between October
and December) may become heavier (Hisali et al., 2011), with the east and the northwest of the
country experiencing wetter conditions (Kansiime, 2012). Although one UNDP report highlighted that
there was no evidence of negative effects of climate change on coffee yields in south-central Uganda
(UNDP, 2013), other parts of the country, such as the highland areas in eastern Uganda, could see a
drastic reduction in areas suitable for coffee production (Jassogne et al., 2013). This indicates that
the effects of climate change across Uganda are highly variable. Nevertheless, there is a general
consensus that, without major financial and political commitment to improve Ugandan farm
households’ capacities to adapt, climate change will have a detrimental impact on agricultural
production (Niang et al., 2014).
Hence, climate change and variability currently pose very major and real risks and constraints to
agriculture, a sector already facing major challenges. Uganda has recently performed well in poverty
reduction targets, with annual reductions in national poverty of 1.9% between 1993 and 2006 and
1.6% since (World Bank, 2016). Agriculture, which employs over 80% of the population, is vital for
poverty reduction and for household food security. Despite some favourable growing conditions for
agricultural production and historically low but rising levels of investment in the agricultural sector
(Hammond et al., 2015; World Bank, 2016), poor and fragmented government extension support
services and limited access to credit and insurance have led to weak agricultural systems. This has
resulted in low-input (poor nutrient supply), low-technology (no irrigation and little harvesting with
machinery) farming systems. The result is low yields that are below attainable yields and degrading
soils. Climate variability and shocks have further added to poor agricultural output by increasing the
incidence of crop damage and loss.
Farm households rely on their agricultural production to meet their household food needs, without
which they would face food shortages and insecurity. Although many farm households buy part of
their food from the market, vulnerability to price shocks and limited financial resources (as well as
the need to spend money on other aspects, such as health care) mean that they rely on the food that
they produce on their farms. Across sub-Saharan Africa, the food produced by farm households and
consumed at the household is often the basis of household food provision (Frelat et al., 2015). The
situation is similar for farm households in Uganda, particularly households with small land sizes
(smallholders) and limited off-farm livelihood opportunities that enable them to buy food at the
market. Thus, low or fluctuating yields of food produced at the household farm due to climate
variability and climate-related shocks could reduce household food security, for example, through
major losses in crop yields, and could ultimately increase the incidence of poverty (Kijima et al.,
2006). The potential loss of crops produced on their farms forces farm households to take measures
to either mitigate the losses or seek food elsewhere. However, the need to take measures depends
on the degree to which farm households are affected by climate variability and whether or not the
8

loss of crop production has a major negative effect on the household.
Farm households’ abilities to cope with, or even adapt, to climate variability depends to a great
extent on their degree of vulnerability (Kansiime, 2012). Understanding how these households are
affected by and cope with fluctuating food supplies from household farms can help to identify the
households most vulnerable and at-risk to climate variability and subsequently develop targeted
coping or adaptation strategies. As households and farming systems in Uganda are typically very
diverse, such measures need to be tailored to the context of farmers in order to improve their
adoption potential. To be able to do that, we need to understand farm household diversity and
vulnerability. This study therefore sought to explore how climate variability affects household food
security and coping strategies amongst farm households in three regions in Uganda (Mount Elgon,
Rakai, and Nwoya). These three regions make for an interesting case study due to their diverse agroecologies, climates, and farming systems.
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Theoretical framework and concepts
Household food availability
The FAO’s (1996) definition of food security is the one most commonly used in recent times, in which
food security “exists when all people, at all times, have physical and economic access to sufficient,
safe and nutritious food to meet their dietary needs and food preferences for an active and healthy
life” (FAO, 1996, pp. 3–4). Food security encompasses various multi-dimensional aspects that include
food availability (sufficient quantity and quality), access (the ability to acquire food for a nutritious
diet), utilisation (which ties into health and wellbeing), and stability (in terms of limited fluctuations
during the year that restrict access to food) (Carletto et al., 2013; Frelat et al., 2015). Carletto et al.
(2013) pointed out that there is currently no single indicator that captures all four dimensions of food
security and that a combination of indicators is generally required to adequately capture and
measure the complexity of food security. While it is true that the lack of uniform indicators on food
security does not allow for global monitoring using heterogeneous data sources (Carletto et al.,
2013), studies that focus on one or more dimensions demonstrate how more parsimonious
applications can be used for rapid identification of food insecure households (Ritzema et al., 2017).
Food availability is one dimension of food security that can be a useful concept to analyse how
climate variability affects farm households. Food availability focuses on the physical energy
requirements (in terms of daily kilocalorie intake needs of one adult male equivalent), to calculate
potential food availability at the household level (Frelat et al., 2015; Ritzema et al., 2017) and can
therefore help to determine the quantity of food available to households over a period of time
(Carletto et al., 2013; Shah and Dulal, 2015) or with changing levels of agricultural production.
Calculating household food availability can be done using relatively limited household and livelihood
data, as it uses only six livelihood activities: food crop sales; food crop consumption; livestock sales;
livestock consumption; cash crop sales; and off-farm income, and some household socio-economic
characteristics such as household size, sex, and age. While food availability does not contain other
interesting dimensions of food security (e.g. stability via storage), it is nevertheless a tool that can be
applied “across disparate agroecological, sociocultural, and geographic contexts and datasets, due to
its use of a small subset of variables that are frequently incorporated into surveys orientated toward
food security” (Ritzema et al., 2017, p. 125). Food availability also shows the contribution of the six
different livelihood activities to household food provision and therefore the extent of household
livelihood diversification. This is important to know, as farm households that are highly dependent on
ecological services for their food are generally more vulnerable to climate variability, through for
instance the potential loss of crops and livestock that are consumed at the household (Shah and
Dulal, 2015).
Frelat et al.’s (2015) analysis of the drivers of variations of household food availability calculated food
availability for >13,000 households in 17 countries in sub-Saharan Africa. The analysis showed that
self-produced food crops contributed 45% of total food availability for food inadequate households
and 22% for more than food adequate households (i.e. households that had sufficient daily
kilocalories per adult male equivalent). The same study showed that the majority of farm households
sell part of their production even before becoming food adequate and that improving market access
(for especially high-valued cash crops) could positively affect food security (ibid.). The study further
found that consumption of food produced at the farm household was an important contributor to
food availability, especially for food inadequate households (Frelat et al., 2015). Using the food
availability approach as applied by Frelat et al. (ibid) and Ritzema et al. (2017) could be used to
rapidly identify food inadequate households and better understand their vulnerability to climate
variability. This study therefore used the food availability approach, as followed by the above
authors, as an approximate measurement of food security. The study calculated food availability in
terms of the physical energy availability (expressed in daily kilocalories) per adult male equivalent.
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The availability is then compared with the physical energy requirements to say something about food
adequacy.

Climate change, climate variability, and agricultural production
Climate change refers to “changes in the mean and/or variability of [the climate’s] properties [that]
persists for an extended period, typically decades or longer” (Barros et al., 2012, p. 557). Climate
variability is the “variations in the mean state…of the climate” (ibid. p. 557) and can be caused by
natural or external (e.g. anthropogenic) forces. Climate variability takes place at spatial and temporal
levels; for example, precipitation in one year could be lower than the mean levels or duration
recorded previously. On the other hand, weather variability is a short-term, often extreme, change in
daily weather patterns, such as a drought or flood (Thornton and Herrero, 2014). Weather variability
is a common occurrence in Uganda and sub-Saharan Africa in general, with records of recurrent
extreme events going back decades (Niang et al., 2014; Osbahr et al., 2011). This study used the term
climate variability, which includes the effects of inter and intra-seasonal variability and weather
variability.
Climatic conditions, such as solar radiation, precipitation, and temperature, have direct effects on
agricultural yields. If any of these elements alter too drastically, crop performance can be easily
affected (Adhikari et al., 2015). The effects of climate change on agriculture and livestock production
in sub-Saharan Africa will be highly diverse, even within individual countries (Cooper et al., 2008;
Jones and Thornton, 2009; Kansiime, 2012). In a review of major crops produced in east Africa,
including wheat, maize, potato, and sorghum, Adhikari et al. (2015) reported that the majority of
these crops could see a decline in yields, including a 10-15% decline for root crops such as cassava
and sweet potato, which are more resilient to climate change, and a decline of up to 72% for wheat.
Due to rising temperatures, yields of east Africa’s major export cash crops, tea and coffee, could
decline by up to 45% as areas once suitable for production become less so (ibid.). Banana and
plantain yields could also be adversely affected (Niang et al., 2014), with declining precipitation in
lowland areas being the main cause. Furthermore, rising temperatures could lead to increasing
presence of crop pests that could affect production in the highlands, notably for coffee (ibid.). Due to
the heterogeneity of climate change across Africa, there may also be positive effects on the yields of
certain crops. Thornton et al. (2009) showed that the highland areas of east Africa could become
suitable for new crops, such as beans, as temperatures rise. Adhikari et al. (2015) also reported
potential yield increases for cassava in some areas in east Africa, while banana production in the
highlands could also see positive yield effects.
Mixed crop-livestock farming systems are widespread in sub-Saharan Africa and are major producers
of certain key crop and animal products (Henderson et al., 2016; Thornton and Herrero, 2015, 2014).
The majority of mixed farms rely on climatic conditions for their activities and will undoubtedly be
affected by climate variability. Crop residues often account for the majority of feed intake, especially
in the dry season when other sources of feed, such as grazing, become less available
(Descheemaeker et al., 2016; Niang et al., 2014). A reduction in crop biomass production could have
knock-on effects on the availability, quality, and quantity of feed for livestock. This in turn could
affect livestock productivity (e.g. milk). Low weight and the loss of livestock through disease could
hamper crop production, as draught power and manure (used as fertiliser) become less available.
Climatic conditions are not the only factors that affect agricultural production. Edaphic
characteristics, which are the biological, chemical, and physical properties of the soil (such as pH,
nutrient content, soil organic carbon, texture, and soil biota) also affect crop performance and yields
through, for example, the availability of nutrients for plant uptake, space for rooting, and the
presence of beneficial or pathogenic organisms (Niang et al., 2017; Tamene et al., 2016). External
factors, such as the presence of extension services or access to markets to buy inputs, influence farm
11

agricultural practices, while poor/inappropriate agricultural practices or insufficient provision of
inputs also affect crop yields (Niang et al., 2017). Furthermore, climatic conditions can influence farm
agricultural practices, as practices are often determined by the presence or absence of appropriate
conditions; for example, choosing to irrigate fields when precipitation levels are low. The effects of
climate change and variability on agricultural production are therefore not only determined by
climatic conditions, but by edaphic characteristics and farm household agricultural practices (Tamene
et al., 2016). The ability for farm households to benefit from new opportunities from, or mitigate
against the negative effects of, climate change and variability depends on whether or not they
possess the necessary capacities and resources. It also depends on how they perceive the risks and
opportunities of climate variability (Pauline et al., 2016), because their perceptions also partly
influence what actions they take.

Coping strategies and climate change adaptation
Coping strategies refer to short-term measures taken by farm households, for example to deal with
food shortages as a consequence of a bad agricultural season or a climate-related shock (Pauline et
al., 2016). While there might be a broad range of options to cope with climate change and variability,
such strategies are very context-specific and are influenced by household characteristics, such as
socio-economic determinants (e.g. age of the household head, educational level, or the degree of
livelihood diversification), or access to credit, markets, and inputs (Berman et al., 2014; Kansiime,
2012). There is an increasing body of research detailing how farm households have been dealing with
climate variability by employing various coping strategies. Coping strategies can relate to agricultural
practices, such as shifting the production of crops from one area to another (Cooper et al., 2008) or
changing the planting/harvesting dates. Other strategies include soil and water conservation (SWC)
measures such as mulching, or creating bunds and ditches (Berman et al., 2014; Cooper et al., 2008;
Kansiime, 2012; Kristjanson et al., 2012); however, most of these studies found low adoption of SWC
measures and that they were not applied on a long-term basis.
Other strategies are non-agronomical. Berman et al. (2014) looked at the coping strategies employed
by smallholder farm households in two regions in Uganda when facing two major hazards (floods and
drought) and found that most households undertake different coping strategies depending on the
hazard. Households were more likely to rely on their savings during times of drought than during a
flood, whereas social support was more commonly used during times of floods. Similarly, Pauline et
al. (2016) and Helgeson et al. (2012) studied household coping strategies in Tanzania and Uganda,
respectively. When households went through periods of food insecurity due to rainfall variability,
they resorted to using coping strategies that involved eating less, seeking employment outside of
their farms, or selling livestock and other household assets. However, coping strategies that cause
households to lose their valuable assets make them more vulnerable to future climate-related shocks
(Cooper et al., 2008).
Apart from the SWC measures, few of the coping strategies identified above are considered as longterm climate change adaptation strategies, and most of these strategies are usually employed
‘reactively’ during a climate-related shock (Kansiime, 2012). Coping with and adapting to climate
change and variability are not only about mitigating negative risks, but also about taking advantage
of the opportunities that climate change and variability might bring (Mbogga, 2013; Murungweni et
al., 2014); in other words, taking ‘proactive’ measures in anticipation of the coming seasons. For
instance, farm households may choose to grow new crop types, or expand production of high-value
food or cash crops as climatic conditions become favourable for these crops. However, with such a
high degree of risk and uncertainty about climate change and variability, working with short-term
measures appears to be a less risky option because of the lower amount of finances and other
resources needed to do adapt (Pauline et al., 2016).

12

Research has highlighted the importance of current coping strategies to climate variability as a
possible avenue for greater adaptation to future climate change (Cooper et al., 2008; Twomlow et
al., 2008). Adaptation requires “adjustments in ecological, social, or economic systems in response to
actual or expected climatic stimuli and their effects or impacts” (Smit et al., 2001, p. 879). However,
adaptation could be more risky for households that are very vulnerable or face periods of food
inadequacy, as they require the knowledge (Shackleton et al., 2015) and flexibility to adapt their
systems. They may also choose not to adapt because they perceive low immediate benefits to
adapting (Pauline et al., 2016). Understanding whether and what strategies farm households
undertake to cope with current climate variability is needed to create more targeted support for
long-term climate change adaptation.
However, most of the studies on coping strategies reviewed in this section analysed coping or
adaptation strategies only at the whole farm/household level and did not analyse strategies by crop
type. Households may choose certain strategies depending on the crop; for instance, if the crop is a
highly valuable cash or staple crop, households may prioritise it over their other crops. It may also be
that households only have the necessary knowledge or financial means to support certain crops and
not others. It could therefore be misleading to look only at the whole farm level, as it assumes that
the coping strategy was applied evenly across the farm where in fact there may be different
strategies applied to different crops. Focusing on the crop level could therefore provide new insights
into, and possibly shed light on, whether farm households adopt certain strategies by crop type, and
which strategies they employed. This study therefore looked at farm households’ coping strategies
both at the household level as well as at the crop level.
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Research purpose and research questions
The overall objective of this study was to understand how climate variability affects household food
availability and coping strategies in Uganda. The study looked at the quantitative effects of climate
variability on food availability (FA) and on coping strategies adopted by 61 farm households in three
regions in Uganda: Mount Elgon, Rakai, and Nwoya. The first part of the study focused on household
food availability, using the food availability indicator (Frelat et al., 2015; Ritzema et al., 2017) and
grouped households into three different FA classes: food inadequate, food adequate, and more than
food adequate. This was done three times using three crop production levels (normal, good, and bad)
to understand the effects of climate variability on food availability. This is followed by an analysis of
reported crop production variability experienced by each household.
The study then analysed ‘reactive’ and ‘proactive’ coping strategies adopted by households. Reactive
strategies are actions used during the onset of a climate-related shock. Proactive strategies are
actions used in anticipation of a good or a bad season (coping strategies for the good season was
interpreted as taking advantage of the good season).The study then applied intervention scenarios to
the food availability indicator (which were to increase off-farm income, livestock production, and
crop production amongst all farm households) to see which scenarios might have the most beneficial
effect on food availability, with particular focus on food inadequate households. The scenarios
provided insight into whether such interventions could reduce vulnerability and support farm
households to cope with and potentially adapt to climate variability, for example through off-farm
livelihoods diversification or intensified on-farm agricultural production. Seven research questions
(RQs) were defined to support the analysis and the conclusions reached.
1. Household food availability
RQ1: Which of the three regions had the most food adequate households?
RQ2: Which livelihood activities contributed to food availability and how do they vary by region and
FA class?
2. Variability in crop production
RQ3: What is the degree of variability in production of households’ most important crops?
RQ4: Does variation in production of the most important crop cause households to move from one
FA class to another?
3. Coping strategies
RQ5: Did households adopt coping strategies more often for a bad season than for a good season?
RQ6: What types of coping strategies did households in the three regions adopt and how do they
differ?
4. Intervention scenarios
RQ7: Which livelihoods interventions provided the most benefits to household food availability?
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Methodology
Site description
The study sites are located in three contrasting regions of Uganda: Mount Elgon area (comprising
Mbale and Bulambuli districts), Nyowa district, and Rakai district (Fig. 1). These three regions were
selected to have different farming systems and climate contexts representative of Uganda for
comparisons (Table 1). The sites were selected together with experts from the International Institute
of Tropical Agriculture (IITA) in Uganda based on the diversity of farming systems and households
and on the presence of their projects.

Fig. 1: Map of the three regions (source: ugandamission.net/aboutug/map1.html)
Mount Elgon is in the eastern region of Uganda and has a mountainous topography with above-sea
level altitudes ranging from 1300 m among the lower areas to 2300 m on the higher slopes that
border western Kenya (Bongers et al., 2015). Mbale district lies in the lower altitudes, while
Bulambuli ranges from lower to higher altitudes. Due to such high altitudes, Mount Elgon suffers
mostly from high-intensity rainfalls, resulting in landslides and leading to soil erosion and the loss of
top soil (Mbogga, 2013). The main farming system consists of mixed crop-livestock farms dominated
by highland perennial crops (coffee and banana) and most farm households rely on rain-fed
agriculture. Farm households in Mount Elgon produce Arabica coffee, which is considered to be of
high quality and therefore earns a premium on the market. Mbale district in particular is a wellknown coffee trading centre. However, coffee yields in the region are lower than yield potential.
Livestock plays a relatively minor role in the regional economy. The main staple crop for farm
15

households at higher altitudes is banana, and at lower altitudes (which comprises Mbale), staple
crops include maize, millet, cassava, and beans (Mbogga, 2013). The average farm size is around 1.1
ha (Bongers et al., 2015).
Table 1: General description of the three study sites
Topography

Mount Elgon (Mbale and
Bulambuli districts)
Mountainous

Rakai

Nwoya

Main staple crops

Banana

Wetlands, grasslands,
woodlands
Banana

Grasslands and
woodlands
Groundnuts, beans,
cassava
Rice, sesame, cassava,
sunflower, tomato,
others
Droughts & erratic
rainfall
Mixed-crop livestock
with focus on crops.

Main cash crops

Coffee

Coffee

Main climate-related
shocks
Farming systems

Heavy rainfall leading to
landslides
Coffee & banana-dominated
mixed crop-livestock

Rainfall pattern

Bi-modal (March to July and
September to December)

Average household
size
Average livestock
holdings, head count
(incl. cattle)
# of households in
study

4.8

Droughts & erratic
rainfall
Coffee-dominated mixed
crop-livestock, cattle
production
Bi-modal (March/April to
May and October to
December)
4.4

20 (incl. 2 cattle)

17 (incl. 4 cattle)

22 (incl. 2 cattle)

21

21

19

Bi-modal (March to
June and August to
October)
5

Rakai lies in the southern part of central Uganda, to the west of Lake Victoria. The region has a highly
diverse topography, with forests, wetlands, and hills to the west (UNDP, 2013). Altitudes in Rakai
range up to 1500 m above sea level and the region suffers from regular droughts and rainfall
variability (ibid.). The main farming system is mixed crop-livestock; as Rakai lies in the ‘cattle corridor‘
of Uganda, livestock plays a more important role for household livelihoods than in Mount Elgon.
Similar to Mount Elgon, coffee is the main cash crop; Robusta coffee, which has a lower market price
than Arabica, is more commonly grown, although some Arabica production takes place in highaltitude areas (Bongers et al., 2015; UNDP, 2013). Rakai also has a highly diverse crop production
system, with bananas, cassava, maize, potatoes, and beans. According to a UNDP study (2013), Rakai
is projected to experience negligible effects of climate change on maize, coffee, and bean yields. The
average farm size is small, around 1-1.5 ha (Bongers et al., 2015).
Nwoya lies in northern Uganda in the Acholi sub-region with an altitude range of 600 m to 1200 m
above sea level (JICA, 2012) and vegetation types comprising grassland and woodland savannahs.
The main farming system is mixed crop-livestock, although crop farming is more dominant. Nwoya,
like Rakai, has a highly diverse crop production system; the most important staple crops are cassava,
groundnuts, and beans. Rice, millet, sorghum, sesame, maize, beans (especially soya beans), citrus
fruits, and sunflower are also important (Twyman, 2014). The average farm size in Nwoya is larger
than in Mount Elgon and Rakai due to the two decades long civil conflict (between the mid-1980s
and 2000s) that resulted in the large displacement of local residents (Drost et al., 2014). Initial
returnees were able to farm on larger plots of land; however, the resettlement of returnees to the
region has since increased and has often resulted in land conflicts (Drost et al., 2014; Twyman, 2014).
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Household selection
A total of 61 households were used for research questions 1-6 (the number of households per region
is provided in Table 1). These households were selected from a large database of households
provided by three projects: a Climate Change, Agriculture, and Food Security (CCAFS) project in
Rakai; a USAID-funded project in Mount Elgon, and an IFAD-funded project in Nwoya, all managed by
the IITA–Uganda. The database comprised 232 households in Mbale and Bulambuli districts in Mount
Elgon, 585 in Nwoya, and 200 in Rakai. These households were randomly selected to ensure
proportional representation of each site and to avoid any bias and took part in a general baseline
survey questionnaire which involved questions regarding their crop and livestock practices and
activities (crops grown, area, crop production, livestock, total of each item sold and total earnings,
etc.), socio-economic situation (household composition, education levels, sources of income, land
ownership, etc.), and information about food consumption (total on-farm consumption, off-farm
purchases).
Some key criteria were used to define which households were eligible for selection for this study; for
each region, an initial household food availability analysis was performed using the baseline data.
From this, households were placed into one of four FA classes: class 1: households with 2,500 kcal
cap-1 day-1 or fewer; class 2: households with 2,500-5,000 kcal cap-1 day-1 and who mainly engaged in
livestock activities (livestock-dependent); class 3: households with 2,500-5,000 kcal cap-1 day-1 and
who mainly engaged in the selling of cash and food crops (cash crop-dependent), and class 4:
households with 5,000 kcal cap-1 day-1 or more. From these classes, five households per district were
randomly selected, making a total of 20 households per district, plus a buffer due to potential
difficulties in the field/during the interviews. These households then participated in semi-structured
interviews conducted by Wichern (2016) involving a survey with questions on off-farm income, crop
and livestock production, weather conditions, and coping strategies adopted in relation to climate
and price variability. Using these criteria, 67 households were initially selected. Due to unusable data
from the interviews and a review of data during this study, six households were removed from the
sample size (one in Mount Elgon, three in Nwoya, and two in Rakai), making 61 households in total
for RQs 1-6.
For the intervention scenarios (RQ7), a second round of data collection in Rakai and Nwoya in 2017
allowed the study to increase the sample size to a total of 97 households, for which additional data
were available. 32 additional households from Nwoya and 25 additional households from Rakai were
added to the 19 households from Nwoya and the 21 households from Rakai described above to make
a total of 97 households for RQ7. These new households were also selected from the larger data sets
from the IITA-projects mentioned above and followed the same selection protocol. Households from
Mount Elgon were removed for RQ7 due to missing data needed for analysis of the intervention
scenarios.

Household surveys and interviews
All baseline surveys were conducted by IITA-Uganda; however, different survey tools were used in
the three regions. Household surveys for Mount Elgon were conducted in 2014 for the baseline
results of a USAID-funded project focusing on coffee production. A questionnaire was developed by
the project team to gather information on the farming systems in the area, household socioeconomic characteristics (composition, education, etc.), asset ownership, off-farm activities, on-farm
crop and livestock production, with particular interest in coffee farmers. The household survey for
Rakai was carried out between late 2010 and early 2011 as part of the CGIAR Research Program on
Climate Change, Agriculture, and Food Security (CCAFS). Baseline data were collected using the
Integrated Modelling Platform for Mixed Animal Crop systems Lite (“ImpactLite”) survey tool that
captures information on household socio-economic characteristics, agricultural production systems
and activities, farm size, land and labour allocation, off-farm activities, asset ownership, and gender
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dimensions. It also captures aspects of food access, availability, and consumption in a calendar year.
The household survey for Nwoya was carried out in 2014, with additional data collected in 2016. A
gender survey was used for the survey conducted in 2014 and captured information similar to that in
the ImpactLite survey in Rakai. Data for the coping strategies and good/bad production levels (for the
crop production variability analysis) were collected by Wichern (2016) for all 61 households. For
these 61 households, the baseline data from 2010 / 2014 were used to calculate food availability.
Data for the 57 additional households for the intervention scenarios (RQ7) were collected in 2017
using the Rural Household Multi-Indicator Survey (RHoMIS) tool. The RHoMIS is a rapid household
survey tool with a set of standardised indicators on agricultural production (crop and livestock),
nutrition, food security, poverty (e.g. livelihoods and off-farm income, access to food, markets, and
prices), and greenhouse gas emissions (Hammond et al.). For Rakai and Nwoya, a revised format
focusing mainly on (off- and on-farm) livelihoods activities, coping strategies, markets and prices, and
general socio-economic characteristics was used. For these additional households, food availability
was calculated using data collected in 2017.

Calculation of food availability
Calculation of food availability is based on the work by Frelat et al. (2015) and is calculated according
to the formula:
(1)

𝐹𝐹𝐹𝐹 = �

𝑇𝑇𝑇𝑇𝑇𝑇

𝑁𝑁ℎℎ

� /365

where 𝑇𝑇𝑇𝑇𝑇𝑇 is the total food available from on-farm products and food that can potentially be
purchased from total household earnings through off- and on-farm activities, expressed in
kilocalories (kcal), 𝑁𝑁ℎℎ is household size, expressed in adult male equivalent (AME), and 365 is the
number of days per year. This gives the food availability in kcal per AME per day.

Fig. 2: Schematic diagram of the variables to calculate food availability (from Frelat et al., 2015).

Data for food availability variables
The variables to calculate food availability are the livelihood activities derived from livestock
products, off-farm income, cash crop products, and food crop products (variables a to d in Fig. 2), and
household size and composition (variable e). The household surveys and interviews conducted in the
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three regions contained information about crop and livestock production, including how much was
produced and sold for each product. The study assumed that households consumed all crop and
livestock products that remained after sales (details on the methodology for crop and livestock
calculations are provided in Appendix I); in other words, the total sold + the total consumed of each
product is equal to the total amount produced, therefore there are no losses or other actions taken
(e.g. storage). This information was then used to split the product into sold or consumed as shown in
the schematic diagram (Fig. 2). Income from sold products and off-farm activities was translated into
purchasable energy (kcal) of maize, which is an important and widely cultivated or purchased staple
crop in Uganda and across sub-Saharan Africa (Adhikari et al., 2015; Brouder and GomezMacpherson, 2014; Folberth et al., 2013). Details of crop and livestock energy content and prices are
found in Appendices II and III.
Household size and composition
The household size and composition refers to the total number of members living in the household,
disaggregated by age (by age bracket) and sex (male/female). All household members were
converted in adult male equivalent (AME) based on their age and sex using the ratios provided in
Appendix IV.
Cash available
Cash available comprises the total income raised from the four livelihood sources: livestock products
sold; off-farm income; cash crop products sold, and food crop products sold (equations 1-4 below).
Livestock products refer to livestock and all livestock-related products, such as milk or eggs,
produced by the household. The total value of livestock products sold (Ls), expressed in Ugandan
Shillings (USH), is calculated as:
(2)

𝐿𝐿𝑠𝑠 = ∑𝑖𝑖 (𝐿𝐿𝐿𝐿𝑖𝑖 ∗ 𝑃𝑃𝑃𝑃𝑖𝑖 )

where LPi is the total of livestock product i sold in kg and PLi is the price per kg of livestock product i
in USH. Cash crop products refer to the types of crops grown exclusively for the market; as a rule, a
crop is considered a cash crop if a farm household reported that >90% of its produce was sold. The
total income derived from cash crop sales (Cs), expressed in USH, is calculated as
(3)

𝐶𝐶𝑠𝑠 = ∑𝑖𝑖 (𝐶𝐶𝐶𝐶𝑖𝑖 ∗ 𝑃𝑃𝑃𝑃𝑖𝑖 )

where CMi is the total of cash crop i sold in kg and PCi is the price per kg of cash crop i in USH.
Food crop products comprised staple crops for household consumption and the market. Total
income from food crop products sold (Fs), expressed in USH, is calculated as
(4)

𝐹𝐹𝑠𝑠 = ∑𝑖𝑖 (𝐹𝐹𝐹𝐹𝑖𝑖 ∗ 𝑃𝑃𝑃𝑃𝑖𝑖 )

where FCi is the total of food crop i sold in kg and PFi is the price per kg of food crop i in USH. Offfarm income (Os) is the total of any income earned by the household from activities not related to
household crop and livestock activities and is expressed in USH.
The total amount of cash available (CA), expressed in USH, is calculated as:
(5)

𝐶𝐶𝐶𝐶 = 𝐿𝐿𝑠𝑠 + 𝐶𝐶𝑠𝑠 + 𝐹𝐹𝑠𝑠 + 𝑂𝑂𝑠𝑠

It is assumed that all available cash is used to purchase maize as the staple crop. The total cash
available (CA) can then be used to calculate the potential food equivalent (PFE) energy of the main
staple crop maize (PFEM), expressed in kcal, that could be purchased:
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(6)

𝑃𝑃𝑃𝑃𝑃𝑃𝑀𝑀 = (𝐶𝐶𝐶𝐶 / 𝑃𝑃m) ∗ 𝜃𝜃m

Where CA is cash available in USH, 𝑃𝑃m is the price per kg of maize, and 𝜃𝜃m is the energy content of
maize in kcal/kg.
As Frelat et al. (2015) pointed out, using all cash available to purchase the staple crop overestimates
household food availability as actual consumption is not quantified and households typically do not
spend all of their household income on (staple) food (Hammond et al., 2015). In that sense, food
availability only provides information on the potential, rather than actual, food availability and
should be used more as an indication of household food security.
Products consumed
Products consumed entails the total of livestock and crop products consumed, which is derived from
the difference between reported produced and sold quantities. The equation to calculate the total
amount of livestock products consumed (Lc), expressed in kcal, is
(7)

𝐿𝐿𝑐𝑐 = ∑𝑖𝑖 (𝐶𝐶𝐶𝐶𝑖𝑖 ∗ 𝜃𝜃𝜃𝜃𝑖𝑖 )

where CLi is the total of livestock product i consumed in kg and θLi is the energy content of livestock
product i in kcal/kg. The equation to calculate the total amount of all crop products consumed (Fc),
expressed in kcal, is
(8)

𝐹𝐹𝑐𝑐 = ∑𝑖𝑖 (𝐶𝐶𝐶𝐶𝑖𝑖 ∗ 𝜃𝜃𝜃𝜃𝑖𝑖 )

where CCi is the total of crop i consumed in kg and θCi is the energy content of crop i in kcal/kg.
Total food available (TFA)
TFA is expressed in kcal and is calculated as:
(9)

𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑀𝑀 + 𝐿𝐿𝑐𝑐 + 𝐹𝐹𝑐𝑐

Following calculation of the TFA, equation 1 can then be used to calculate food availability.

Food availability classes
Food availability expresses the potential food equivalent (PFE) energy in kcal/AME/day (Frelat et al.,
2015). This is the potential that the household could source in order to cover each household
member’s daily energy (kcal) requirements. A baseline requirement of 2,500 kcal/AME/day is used,
as this is the recommended kilocalorie requirement for an adult male with average daily activity
(ibid.). Three FA classes were used to classify households according to their food availability:
Class 1: households that are food inadequate. Their FA is < 2,500 kcal/AME/day.
Class 2: households that are food adequate. Their FA is between 2,500 kcal/AME/day and 5,000
kcal/AME/day.
Class 3: households that are more than food adequate. Their FA is > 5,000 kcal/AME/day.

Calculation of variability in crop production
The study used farmer-reported crop production levels stated in the baseline surveys, whereby farm
households were asked to give the production for each of their crop and livestock products. In
follow-up surveys by Wichern (2016), they were asked to cite three of their most important crops
and to give good and bad production levels for each crop. Production levels are given in Appendix V
and interview questions are listed in Appendix VI. To link the data on good and bad production levels
20

to production data in the baseline surveys, we assumed that the production reported in the baseline
surveys was normal crop production levels. The study calculated food availability using normal crop
production levels (for all crops) to determine the most important crop, which was the crop with the
highest contribution to food availability. This was usually one of the three crops that the households
had also cited and could be either a cash crop or a staple crop. The percentage change from normal
to good production and from normal to bad production were then calculated for each household’s
most important crop to assess variability in crop production.
Food availability was calculated three times per household using the three crop production levels for
the most important crop; one for normal production, one for good production, and one for bad
production. Households were then classified, separately for each crop production level, into FA class.
When calculating food availability, the ratio between consumed and sold for each crop was
maintained for all three crop production levels; therefore the only change applied was to the
production of the most important crop.

Coping strategies
Farm households were asked about two types of coping strategies (Appendix VI):
1. Reactive strategies. These are strategies taken in the onset of a climate-related shock.
Examples of reactive strategies include reducing meals or borrowing money. Farm
households were asked to recall a season or year (within the last five years) in which they
had experienced a climate-related shock and to describe what actions (if any) they took
during the shock(s). Strategies could be at household, crop, or field level.
2. Proactive strategies. These are the actions taken by farm households in anticipation of good
or bad weather conditions. Examples include planting more of a crop or increasing fertiliser
application. The results relate more to farm households’ perceptions of climatic conditions
rather than actual or recorded conditions. It sought to understand whether and how farm
households change their agricultural practices as the season progresses, indicating the
adaptive capacities they might already possess. Farm households were asked whether they
did anything different in their farming activities when they expected a good season or a bad
season. Responses were given on a crop-by-crop basis rather than for the whole farm. The
number of crops mentioned by each household for these questions varied; some only
mentioned one, but most cited between two and five crops. Results are presented by crop
type. The full list of coping strategies and the study’s categorisation of the strategies are
found in Appendix VII.

Intervention scenarios
The study carried out an analysis to see which of the livelihood activities that contribute to food
availability could lead to the greatest improvements (in terms of higher food availability) and which
households benefitted most. Food availability for each scenario was compared within and between
households and regions. Seven scenarios were applied to food availability using normal production
data (Table 2). These scenarios were applied to assess the potential effects of interventions that aim
to improve food availability via 1) increased livestock production, or 2) increased off-farm income, or
3) increased crop production. The good crop production data were used for the crop scenario. The
normal crop production data were used as a baseline to see how food availability changes with the
applied scenarios.
The livestock interventions were taken from literature that showed the potential for livestock
production, especially dairy, to improve household food security and incomes (Murungweni et al.,
2014; Udo et al., 2011), or even be an adaptation strategy (Jones and Thornton, 2009; Thornton et
al., 2010). In these interventions, all households were provided with one additional dairy cow. Two
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dairy productivity levels were selected to understand the effects of dairy production on food
availability as well as to identify which level of production would be necessary to move food
inadequate households to food adequacy. Dairy at low production (DLP) was set at the national
average production level (340kg per year-1 for the additional dairy cow) (Ekou, 2014; Mubiru et al.,
2011; TechnoServe, 2008), while dairy at high production (DHP) was set at the higher estimates of
national production (1,571kg per year-1 for the additional dairy cow), both using local breeds (ibid.).
Poultry production was selected due to the importance of small animals in most mixed crop-livestock
systems in Uganda and the relatively low land unit required for rearing chickens compared to cattle.
They could therefore be a potential livelihood option for smaller or more resource-constrained
farms. All households were provided with five (additional) chickens and egg production was set at
medium productivity (183 eggs per year-1 in total for the five chickens) based on literature on poultry
production in Uganda (Byarugana, 2008; Kugonza et al., 2008). All additional crop and livestock
products were sold at regional prices. Prices were assumed to remain stable for these scenarios;
however in reality, due to high demand for certain livestock products that has not been matched by
market availability, prices would show greater elasticity and would be more variable over time.
Three levels of proportional increases were applied to off-farm income for all households, which
aimed to see how food availability would be affected by, for example wage increases or increased
profits from small business activities. The increases were applied to off-farm income reported in the
baseline surveys. The study used this approach as proportional increases to off-farm income might
be more realistic than large cash transfers, such as that used by Ritzema et al. (2017).
Table 2: Intervention scenarios and production levels
Scenario
Baseline

Livestock production

Crop production

Off-farm income

Description of changes
Normal production
(“Baseline”)
Dairy high productivity
(“DHP”)
Dairy low productivity
(“DLP”)
Poultry eggs (“Eggs”)
Good production (“GP”)
Off-farm income +25%
(“OFI1”)
Off-farm income +50%
(“OFI2”)
Off-farm income +75%
(“OFI3”)

Production level
As per farmer-reported information for
normal production levels
Additional dairy production at 1,571kg/year-1
Additional dairy production at 340kg/year-1
Additional poultry production at 183
eggs/year-1
As per farmer-reported information for good
production levels
25% increase in income reported in the
baseline surveys
50% increase in income reported in the
baseline surveys
75% increase in income reported in the
baseline surveys

Data analysis
Calculations for food availability for the three production levels and the intervention scenarios, the
breakdown of contributions by livelihood activity, and analysis of coping strategies were completed
using RStudio version 3.3.2 (RStudio, 2015).
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Results
The results section starts with an overview of some general household information by region,
followed by household food availability; crop production variability by crop type for each household;
coping strategies by region and crop, and the intervention scenarios.

General household information
Amongst the three regions, Nwoya had the largest farm size (3.6 hectares) (Table 3), which includes
household farms and other areas cultivated by the household, such as rented land (but excluding
common or public land). Mount Elgon had the largest average household size and AME value (8.3
household members and 6.1 AME). The region also had the largest average household off-farm
income, at 526 USD per annum, more than three times the average in Rakai and twice the average in
Nwoya. This could be due to differences in how data on off-farm income were collected in the
surveys. In Mount Elgon, households were able to provide more detailed information on income
from various sources (e.g. pensions, remittances, savings).
Table 3: Household characteristics, by region
Household characteristics
# of households in study
Average farm size (ha)
Average household size (AME)
Average household size (people)
Average annual off-farm income, USD
Average FA (kcal/AME/day), normal
production (Std. dev.)

Mount Elgon
21
2.4
6.1
8.3
526
13,115
(12,938)

Rakai
21
2.1
5.6
7.7
164
6,843
(5,624)

Nwoya
19
3.6
4.8
7.1
254
24,843
(22,514)

Average FA (kcal/AME/day), good
production (Std. dev.)

14,926
(14,038)

8,372
(7,226)

30,630
(30,490)

Average FA (kcal/AME/day), bad
production (Std. dev.)

11,450
(11,288)

5,313
(4,250)

21,240
(22,277)

% of households that are food
inadequate, normal production
% of households that are food
inadequate, good production
% of households that are food
inadequate, bad production
# of households that moved FA classes
good production
# of households that moved FA classes
bad production

10%

24%

0%

5%

14%

0%

19%

29%

11%

2

2

2

3

2

2

FA classes
Under normal production (Table 4), seven out of the study’s 61 households (11%) were classified as
food inadequate (class 1), 15 households (25%) were classified as food adequate (class 2), and 39
households (64%) were classified as more than food adequate (class 3). Using good production, the
number of food inadequate households across all three regions fell from seven to four (7%). The
same number of households were classified as food adequate, while the number of households that
were more than food adequate increased to 42 (69%). The bad production results show that the
number of food inadequate households increased to 12 (20%), while the number of food adequate
and more than food adequate households both fell. Overall, most households in the study were food
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adequate or more than food adequate in all three production levels. When comparing the results of
good and bad production with the normal production results, the number of households in each FA
class did not change to a great extent.
Table 4: FA class by site for the three crop production levels (normal, good, and bad)
Site
Mount
Elgon

Rakai

Nwoya

All regions

Number of households per class and
production level
FA class
1 (Food inadequate)

Normal

Good

Bad

2

1

4

2 (Food adequate)

5

5

4

3 (More than food adequate)

14

15

13

1 (Food inadequate)

5

3

6

6

8

6

3 (More than food adequate)

10

10

9

1 (Food inadequate)

0

0

2

2 (Food adequate)

4

2

2

3 (More than food adequate)

15

17

15

1 (Food inadequate)

7

4

12

2 (Food adequate)

15

15

12

3 (More than food adequate)

39

42

37

2 (Food adequate)

RQ1: Which of the three regions had the most food adequate households?
For the normal production results (Table 4), Nwoya had the most food adequate households, with no
food inadequate households and 15 (79%) more than food adequate households. Rakai had the most
food inadequate households under normal production, with five out of the 21 households from the
region (21%) classified as food inadequate. Mount Elgon had two food inadequate households (10%).
The regions had the same outcomes with good and bad production, with Nwoya having the most
food adequate and more than food adequate households and Rakai having the fewest.

Food availability
54 out of 61 households (89%) had food availability above the recommended daily requirement of
2,500 kcal/AME/day (Fig. 3). Twenty-eight of these households had a food availability above 10,000
kcal/AME/day and it is clear that these households are far above food adequacy. However,
households with very large food availability values distort the image and makes it difficult to see food
availability patterns amongst households at the lower end, or at a regional level. When separated by
region (Fig. 4 a-c), it is clear that the three regions had widely different food availability levels;
Nwoya’s values are especially high and it is in Nwoya where very high food availability is found. The
highest food availability in Rakai, the region with the most food inadequate households, is around
one-quarter that of the highest in Nwoya. Mount Elgon falls somewhere in-between, with both very
low and very high food availability amongst households in the region. The three regions therefore
show very different results, not only in terms of FA classes but in terms of absolute food availability.
However, the regions all displayed large changes to food availability with good and bad production
levels, highlighting that the food availability of most of the study’s households was very sensitive to
changes in crop production, but they were not more vulnerable as food availability remained high.
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Fig. 3: Food availability per household (n=61). Each bar on the x-axis represents a household.
Households have been ordered from lowest to highest FA using normal production results. The
upper-tail of the black bar represents food availability in kcal/AME/day using good production
results, while the lower-tail of the black bar represents food availability in kcal/AME/day using bad
production results. The total range is represented by the width of the black bar. The red dashed line
represents the threshold for food adequacy (FA class 2) at 2,500 kcal/AME/day; the green dashed
line represents the threshold for more than food adequacy at 5,000 kcal/AME/day.

Fig 4: Food availability per household using the same details and data as for Fig. 3, but separated by
region; a) Mount Elgon, b) Rakai, c) Nwoya. Y-axis scales are different for each graph.
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Contribution of livelihood activities to food availability
In the normal production results the largest contribution to food availability for food inadequate
households (FA class 1) across all three regions came from food crop consumption (31%) (Fig. 5).
Contribution from food crop consumption remained the same for food inadequate households under
good production (31%) and was higher under bad production (39%). This increase under bad
production is due to the effect of lower production of cash crops such as coffee, which was the most
important crop for many households, especially households in Mount Elgon. When a cash crop was a
household’s most important crop, cash crops became a less important livelihood activity. Food crop
consumption was also the most important contributor to food availability for food adequate
households.

Fig. 5: Contribution of livelihood activities to food availability across all regions (n=61) under the
three crop production levels. Bar widths represent the number of households in that FA class. The
widths for good and bad production results change due to the movement of households to a
different FA class as a result of the variability in crop production.
Cash crops was an important contributor in all three crop production levels, especially for food
inadequate and more than food adequate households under good production conditions (Fig. 5,
bottom left). Off-farm income played an important role, and although its contribution fluctuated, it
still contributed at least one-fifth for all FA classes and all three production levels. Off-farm income
contributed most under bad production conditions for more than food adequate households (at 33%;
Fig 5, bottom right). This indicates that, when production levels are low, off-farm income becomes an
increasingly important source of income and for households with high off-farm income, this could
potentially be used to buffer the effects of low or falling crop production. The fact that off-farm
income is also an important contributor to food availability for food inadequate households could
indicate that these households obtain relatively low incomes, making off-farm income an inefficient
buffer.
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There are two reasons why the contribution of livelihood activities to food availability changes in
each FA class between the three crop production levels. Firstly, the relative contribution of each
activity to food availability changes as production of a household’s most important crop is altered.
With bad production, the contribution of non-crop activities increases, because households have a
lower crop production to consume or sell. With good production, the opposite trend is observed. The
second reason is due to the movement of households. As households enter a different FA class
(when the good and bad production data are used), these households change the relative
contribution load of each activity in the respective class. This is clearly shown in Mount Elgon (Fig. 6);
in the normal production results, there were no food inadequate households with livestock activities.
In the bad production results, clearly some households with livestock became food inadequate,
thereby increasing that activity’s contribution to food availability. However, the greater effect came
from the changes in crop production levels.
RQ2: Which livelihood activities contributed to food availability and how do they vary by region and
FA class?
Wide variations were observed between and within the three regions; hereafter, a more detailed
analysis of contribution per activity is provided by region (Figs. 6-8).
Mount Elgon

Fig. 6: Contribution of livelihood activities to food availability in Mount Elgon under the three crop
production levels, using the same approach as for Fig. 5.
In the normal production results (Fig. 6, top), cash crops was the largest contributor for food
inadequate households in Mount Elgon, but food crop consumption, food crop sold and especially
off-farm income also contributed. Food crop consumption played a major role for food adequate
households, contributing close to 40% to food availability. Off-farm income played an important role
across all three FA classes, most notably for more than food adequate households, where it
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contributed almost 50% to food availability. Off-farm income activities included petty
trading/businesses, employment, and remittances or savings. Over 60% of the contribution for more
than food adequate households came from non-crop activities (off-farm income and livestock), which
increased in the bad production results.
Under good production (Fig 6, bottom left), there is only one food inadequate household. The
household had a low food availability of 1,484 kcal/AME/day with normal production (data not
shown), which increased to 1,675 kcal/AME/day with good production, but not sufficiently enough to
move FA class. A reason for this low food availability could be the household’s reliance on crop
production and the absence of off-farm income and livestock production.
Rakai

Fig. 7: Contribution of livelihood activities to food availability in Rakai, under the three crop
production levels, using the same approach as for Fig. 5.
In the normal production results (Fig. 7, top), consumption of food crops was the largest contributor
for food inadequate households, although cash crops and off-farm income also played important
roles. Cash crop sales dominated the contribution for more than food adequate households for all
three crop production levels and shows how dependent households in this class are on this activity.
This could indicate a higher dependency on cash crop activities in Rakai than in Mount Elgon. Also,
unlike in Mount Elgon, off-farm income contributed very little to food availability in Rakai for more
than food adequate households.
Nwoya
Nwoya’s results show a different picture from the other two regions, notably because there were no
food inadequate households in the normal production or good production results (Fig. 8, top and
bottom left images). Also, with normal production levels, compared with the other regions the
contribution of cash crop sales was much smaller (it is absent for food adequate households and is at
around 10% for more than food adequate households).
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Food crops consumed and livestock contributed considerably in Nwoya. Livestock data from Nwoya
and Rakai were categorised by animal type, which permitted a greater breakdown than in Mount
Elgon. Cattle production was especially important for more than food adequate households in Nwoya
under all three production levels. There were several households with large livestock production in
this region, which might explain the larger contribution. The contribution of “shoats” (goats and
sheep), which was absent in Rakai, is visibly important for Nwoya. With bad production, there are
two food inadequate households. There is a noticeable absence of cash crops and cattle production
amongst these two households, which might partly explain why these households became food
inadequate.

Fig. 8: Contribution of livelihood activities to food availability in Nwoya, under the three crop
production levels, using the same approach as for Fig. 5

Variability in crop production
RQ3: What is the degree of variability in production of households’ most important crops?
All but one households reported that they experienced fluctuating production levels as a consequence
of climate variability (Fig. 9); only household #63 (in Nwoya) reported that they experienced no
fluctuations. Variability ranged from +225% with good production to total crop failure with bad
production. However, most households fell nearer the middle, between 25-125% for good production
and -25 to -75% for bad production (see Appendix VIII for a more detailed information by household).
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Fig. 9: Reported variability in production of the most important crop (n=61). Numbers in the graph
are the household IDs. The x-axis shows the percentage change from normal to bad production and
the y-axis shows the percentage change from normal to good production. Households that moved up
FA classes with good production are shown in green; households that moved down FA classes with
bad production are shown in red.
RQ4: Does variation in production of the most important crop cause households to move from one FA
class to another?
All three regions had households that moved FA class with changing production levels of the
household’s most important crop (Table 5). For the good production results, a total of six households
(10%) moved up FA classes; two in Mount Elgon (one from food inadequate to food adequate, and
one from food adequate to more than food adequate), two households in Rakai (both from food
inadequate to food adequate), and two in Nwoya (both from food adequate to more than food
adequate).
For the bad production results, a total of seven households (11%) moved down FA classes; three
households in Mount Elgon (one from more than food adequate to food adequate, and two from
food adequate to food inadequate), two households in Rakai (one from food adequate to food
inadequate and one from more than food adequate to food adequate), and two in Nwoya (both from
food adequate to food inadequate). No single household moved FA classes in both good and bad
production results, therefore a total of 13 households (21%) moved FA classes when their crop
production levels varied, either with good production or bad production; five in Mount Elgon and
four each in Rakai and Nwoya.
As most households (79%) did not move FA classes, it indicates that crop production variation does
not cause households to move from one FA class to another. A good example to support this
assumption is household #26 in Rakai. This household experienced the greatest variability with bad
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production, as it reported a -100% change in crop production (for maize), indicating total crop loss.
Although the household’s food availability declined by 36% from normal production to bad
production, this was not enough to move the household down FA classes, and it instead remained
more than food adequate in all three crop production levels. Many other households experienced
similarly large declines or increases in production and still remained in the same FA class throughout.
Table 5: Households that moved FA classes when their crop production varied. Households in blue
moved up one FA class under good production, while households in red moved down one FA class
under bad production.
Household
#

2
9
43
47
50
72
15
19
23
38
40
54
66

Region
Mount
Elgon
Mount
Elgon
Rakai
Rakai
Nwoya
Nwoya
Mount
Elgon
Mount
Elgon
Mount
Elgon
Rakai
Rakai
Nwoya
Nwoya

Household
size (AME)

Income from
livestock
activities
(Yes/No)

Income
from offfarm
activities
(Yes/No)

FA under
normal
production
(kcal/AME/
day)

8.0

No

Yes

1,923

6.7
2.8
5.3
5.3
5.6

No
No
Yes
Yes
Yes

Yes
No
Yes
Yes
Yes

4,952
1,964
2,158
4,723
4,267

4.2

Yes

No

5,029

3.6
5.4
4.6
6.6
3.8
7.5

No
Yes
No
Yes
No
Yes

Yes
Yes
Yes
No
No
Yes

2,610
3,337
2,619
6,230
3,033
2,583

FA class
under
normal
production
1
2
1
1
2
2
3
2
2
2
3
2
2

Most
important
crop

Crop
contribution to
FA under
normal
production %

% change in
production
from normal
production
level

maize

36%

+100%

coffee
coffee
maize
groundnut
groundnut

37%
40%
82%
27%
26%

+100%
+86%
+25%
+114%
+140%

coffee

55%

-42%

maize

37%

-55%

maize
maize
legumes
groundnut
groundnut

42%
30%
37%
29%
37%

-80%
-83%
-60%
-70%
-70%

In terms of why the above households moved FA classes, there does not appear to be any underlying
similarities between them that could shed light on why these households moved FA classes and
others did not. The households differed in terms of socio-economic characteristics (household size,
off-farm income), the most important crop and its contribution to food availability, and the amount
of variability in crop production experienced. As such, these households’ food availability were
therefore affected differently. For example, food availability with normal production for some
households were close to the lowest levels for that FA class (e.g. household #19 and #38) and with
even a minor decline of 5% in food availability (with bad production), these households moved down
FA classes. Other households had food availability that were well within the range for their FA class
(e.g. households #23 and #54) and most likely experienced a large decline in food availability with
bad production that pulled them down to a lower FA class.

Coping strategies
Reactive strategies
59 of the 61 farm households interviewed reported that they had experienced a climate-related
shock in the last five years (Table 6). Two farm households, both in Rakai, reported that they had not.
Almost all households in Nwoya cited dry spell as the shock they experienced in the last five years (18
out of 19 interviewed). Unlike in Nwoya, where all households cited one climate-related shock,
households in Mount Elgon and Rakai often reported having experienced more than one shock over
the same period (Fig. 10). There was also more diversity in the types of shocks reported in these two
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regions, including dry spells (most commonly cited in Rakai), heat waves, and heavy rainfall (most
commonly cited in Mount Elgon).

Fig. 10: Type of climate-related shock experienced by households in the last five years, by region.
households often reported having experienced more than one shock during the five-year period.
Of the 61 farm households interviewed, 53 stated that they had used a coping strategy in the onset
of the shock, while eight stated that they had not (Table 6). Many households used more than one
coping strategy (Fig. 11); the most frequently reported coping strategies were to start or rely on offfarm activites, cited by 32 households (11 in Mount Elgon, 9 in Rakai, and 12 in Nwoya), or to sell
livestock, cited by 23 households (6 in Mount Elgon, 7 in Rakai, and 10 in Nwoya). For reactive
strategies, households in the three regions relied on the same strategies regardless of the fact that
they experienced different climate-related shocks. The only exception this was the “reduced meals or
expenses” strategy, which was cited in Rakai and Nwoya (three in Rakai and eight in Nwoya) and was
absent in Mount Elgon.
Table 6: Number of farm households that experienced a climate-related shock in the last five years
and used a (reactive) coping strategy
Experienced a climate-related shock in the
last five years
Region
Yes
No

Employed a coping
strategy
Yes
No
18

3

0

17
18

4
1

59

2

53

8

91%

3%

87%

13%

Mount Elgon

21

0

Rakai

19

2

Nwoya

19

Total
%

32

Fig. 11: Reactive coping strategies employed by farm households, by region. Households used more
than one coping strategy, so the y-axis does not equal the total number of households in this study.

Moreover, of the 59 households who stated that they had experienced a climate-related shock in the
last five years, all reported that they had experienced crop failure or low crop yields as a result (data
not shown). Amongst the 59 households, only six (one in Mount Elgon, three in Rakai, and two in
Nwoya) stated that they had replanted the lost/damaged crops or increased the cultivation area. The
remaining 53 households did not attempt to recover their lost or damaged crops, but instead relied
on other coping strategies.
Proactive strategies
RQ5: Did households adopt coping strategies more often for a bad season than for a good season?
For each crop, farm households responded whether or not they employed a coping strategy for when
they anticipated a good or a bad season. This explains the total number of responses (163 crops
mentioned by the study’s 61 households; Table 7). When households anticipated a good season, a
coping strategy was used on 28% of the crops cited, while when the households anticipated a bad
season this was 39%. The results indicate that households adopted a coping strategy more often for a
bad season than for a good season.
Table 7: Farm households’ responses on their decision to use a coping strategy, by season
Used coping strategy when
good season anticipated
# of responses

Used coping strategy when bad
season anticipated

Yes

No

Total

% yes

Yes

No

Total

% yes

45

118

163

28

64

99

163

39
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RQ6: What types of coping strategies did households in the three regions adopt and how do they
differ?
For the proactive strategies, where coping strategies are matched with the crop (Tables 8a and 8b),
there is an indication that the regions employed different strategies. In Mount Elgon, changes in crop
area/type and changes in crop inputs were the two most commonly cited coping strategies when
households anticipated a good season (Table 8a). For households that cited changes in crop inputs,
almost all (12 out of 14) chose to increase crop inputs (e.g. fertiliser, pesticide, and manure; data not
shown). These households may have increased inputs to maintain crop productivity or even increase
it by making use of the good climate conditions. The remaining two households chose to reduce crop
inputs. Most actions were applied to coffee.
In Rakai, apart from a few households that took action for their coffee and maize crops, most
households took no measures when anticipating a good season. The most common action taken by
the five coffee producing households that did employ a strategy was to change crop management (all
households chose to weed more, prune more, and/or increase labour in the field). In Nwoya, as in
Rakai, the majority of households took no actions for any of their crops. Those that did so opted to
make changes in the crop area or type, and the decision for all respondents was to plant more of the
crop.
Table 8a: Farm households’ decision on employing a coping strategy when they anticipate a good
season, by crop and region. Results are shown for the most commonly cited crops per region, with all
other crops listed in the “other” category.
# of households
that took action in
a good season
Region
Mount
Elgon

Rakai

Nwoya

Crop
Beans
Coffee
Maize
Other

# of
households
9
20
15
8

Banana
Beans
Coffee
Maize
Other

11
7
16
16
4

Beans
Cassava
Groundnut
Other
Rice
Sesame

10
11
9
15
8
4

Yes

No

4
5
10
10
6
9
2
6
Total # of actions
0
11
3
4
5
11
6
10
0
4
Total # of actions
1
9
1
10
2
7
2
13
1
7
2
2
Total # of actions
Total across all three regions

Action taken (# of actions per category)
Changes in
Changes in
Changes in
crop
crop input
crop
management
area/type
1
0
5
3
10
0
2
3
4
0
1
1
6
14
10
3
5

5

1
2
3

1

1
12

0
17

6
9
1
1
2
1
1
2
8
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When households anticipated a bad season (Table 8b), the most commonly reported strategy in all
three regions was to make changes to crop area or type, such as to plant less of the crop, substitute
the crop with another crop, or plant a more resistant variety of the crop. Mount Elgon again showed
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greater diversity in coping strategies employed compared to Rakai and Nwoya and again mostly
applied them to coffee. Mount Elgon households also stated that they made changes to crop input
(some chose to increase inputs, while others chose to decrease them), crop management, and noncrop activities (mainly off-farm income). Mount Elgon had the highest number of households that
decided to take action, while Nwoya had the fewest. However, households in Nwoya appeared to
have taken more actions when they anticipated a bad season compared to when they anticipated a
good season, as shown by the higher frequency of actions cited. Across all three regions, many
households used more than one action per crop, which explains the high number of actions taken to
the number of households that took action.
Table 8b: Farm households’ decision on employing a coping strategy when they anticipate a bad
season, by crop and region. Results are shown for the most commonly cited crops per region, with all
other crops listed in the “other” category.
# of households
that took action
in a bad season
Yes
No
Region
Mount
Elgon

Rakai

Nwoya

Crop
Beans
Coffee
Maize
Other
Banana
Beans
Coffee
Maize
Other
Beans
Cassava
Groundnut
Other
Rice
Sesame

# of
households
9
20
15
8

6
3
17
3
7
8
4
4
Total # of actions
11
2
9
7
3
4
16
8
8
16
7
9
4
0
4
Total # of actions
10
1
9
11
1
10
9
2
7
15
3
12
8
4
4
4
1
3
Total # of actions
Total across all three regions

Action taken (# of actions per category)
Changes in
Changes
Changes
crop
in crop
in crop
management
input
area /
type
9
2
8
11
1
1
10
1
3
3
10
33
1
1
7
3
1
4
2
10
3

4

1

1
7

0
14

Changes
in noncrop
activities
8
1
9

2

22
2
2
3
3
8
2
20
75

2

1
1
12

Moreover, despite each household listing between two and five important crops, not all households
applied coping strategies to them all (see Appendix IX for results). Some instead applied one or
several actions to a few of their crops and did nothing on their other crops. This could be for various
reasons; for example, because they did not think it necessary, because some crops were more
important than others and so they prioritised them, or because they did not have the knowledge,
labour, time, or other resources to do so.

Intervention scenarios
The study applied seven intervention scenarios to the food availability indicator, which were to
increase crop production, livestock, and off-farm income. Based on literature on livestock production
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in Uganda, dairy production is currently at around 1-2 litres per day using local cow breeds, but for
smaller farms the average is much lower (Ekou, 2014; TechnoServe, 2008). Furthermore, production
falls during the dry season due to lack of water and feed and the presence of diseases, which again
reduces daily production levels. For the DHP scenario (Table 9), using higher estimates found in the
literature (Mubiru et al., 2011; TechnoServe, 2008), daily milk production could increase to up to five
litres a day and lactation days could be as high as 305 days with improved livestock and disease
management practices and supplemental feed. The DLP scenario used the current average daily milk
production level and kept production stable throughout the dry and wet seasons. The poultry eggs
scenario also used current average production from available literature (Byarugana, 2008; Kugonza
et al., 2008).
Table 9: Dairy and poultry egg production levels in Uganda

Dairy type
Lactation days
Milk produced per day
(litres)
Milk produced per
year (litres) (with one
lactation per year)
Number of cows
provided per
household
Milk produced per
year in kg (1.04kg = 1l)

Dairy
Dairy high
production
(DHP)

Dairy low
production
(DLP)

Poultry eggs

local breed

local breed
305

220

5

1.5

1525

330

1

1

1571

340

Chicken type
Number of clutches
per year
Number of eggs per
clutch
Number of eggs per
year
Number of chickens
provided per
household
Eggs produced per
year

local breed
3
Between 10 and 12
Between 33 and 40.
Average of 37 used
in this study.
5
183

RQ7: Which livelihoods intervention provided the most benefits to household food availability?
Overall, the DHP scenario provided the greatest benefits to household food availability relative to
household food availability in the baseline and other scenarios (Fig. 12). There were more
households classified as more than food adequate (FA class 3) than in any other scenario and only
one household classified as food inadequate. Of the 97 households used in the scenarios, 61
households (63%) obtained their highest food availability under the DHP scenario (Table 10). The
scenario that provided the least benefits to household food availability, relative to the baseline food
availability and in comparison with the other scenarios, was eggs production.
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Fig. 12: Food availability for the baseline and seven intervention scenarios (n=97). Households have
been ordered from lowest to highest baseline FA along the x-axis. Each coloured dot represents a
household’s FA under the different scenarios, with eight results per household. The red dashed line
represents the threshold for food adequacy (FA class 2) at 2,500 kcal/AME/day; the green dashed
line represents the threshold for more than food adequacy at 5,000 kcal/AME/day.
Eight households that were classed as food inadequate in the baseline results, all in Rakai, remained
food inadequate under four different scenarios (all off-farm income scenarios and the eggs
production scenario). Only one of these households had no off-farm income activities and for the
others the proportional increases under the off-farm income scenarios was insufficient to benefit
these households. Contrariwise, the DHP scenario brought in enough income to move five of these
eight households from food inadequate (FA class 1) to food adequate (FA class 2) and two of the
eight households from food inadequate (FA class 1) to more than food adequate (FA class 3),
indicating a very large boost to these households’ incomes from livestock production. An additional
12 households were also able to move FA classes under the DHP scenario, from food adequate (FA
class 2) to more than food adequate (FA class 3).
Table 10: FA class results per scenario (n=97)
Scenario

Baseline
DHP
DLP
Eggs

% of households that
obtained its highest
food availability under
this scenario
0
63
0
0

# of food
inadequate
households (FA class
1)
8
1
4
8

# of food adequate
households (FA
class 2)
18
11
18
18

# of more than food
adequate
households (FA
class 3)
71
85
75
71
37

GP
OFI1
OFI2
OFI3

29
0
0
8

4
8
8
8

16
17
17
17

77
72
72
72

Fig. 13: Boxplots of food availability for the baseline and seven intervention scenarios, by region. The
black lines indicate the median FA, while the white diamonds indicate the mean FA. Black dots
represent outliers. Y-axis scales are different for each graph.
The good production scenario performed marginally better than the DLP scenario, with most
households remaining in the same FA class but obtaining higher food availability compared with the
DLP scenario. Overall, while some households remained in the same FA class throughout, under all
scenarios all households obtained higher food availability than in the baseline. The two regions
showed contrasting results. Households in Nwoya had much higher food availability than in Rakai
(Fig. 13) and had no food inadequate households in the baseline or any scenario. The most beneficial
scenario in Nwoya, in terms of the highest food availability for most households and on average for
the region, was good crop production followed by the DHP, while the inverse was observed in Rakai.
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Discussion
Household food availability
Nwoya performed best amongst the three regions in terms of the number of food adequate
households and food availability, whereas Rakai had the highest number of food inadequate
households in all three crop production levels. These results were somewhat unexpected. Nwoya is
located in north-east of Uganda, which, according to the 2012/13 Uganda National Household Survey
(Uganda Bureau of Statistics, 2014), was one of the most food insecure regions in the country (based
on average daily kilocalories consumed). A 2011 nutrition surveillance carried out in the Acholi subregion, which includes Nwoya, also showed that 45% of households in Nwoya might be at risk of not
being able to access their habitual staple food items (DHO/ACF/UNICEF, 2011). There was therefore
some expectation that more households in Nwoya would be food inadequate. There was also high
contribution to food availability in Nwoya from livestock. As the sample size was relatively small (19
households), results could have been inflated by households that had very large livestock holdings.
According to the 2014 IPC report on food security in Uganda (Uganda IPC Technical Working group,
2014), roughly 82% of households in the Central region, comprising Rakai, were minimally food
secure and there was sufficient food available from different sources to meet household needs, so
the findings from this study appear largely in line with this report. The same report found that 95% of
households in Mount Elgon were minimally food secure (ibid.), which also appears in line with this
study’s findings.

Contribution of livelihood activities to food availability
The study found diversity in livelihood activities within households in each region and between the
three study regions. Cash crops were important in Mount Elgon and especially in Rakai, which
reflects the dominance of coffee as a major cash crop for the two regions and the fact that
household coffee consumption is low and many households sell the vast majority of their coffee
produce. Mount Elgon in particular is a major coffee producing region and Mbale district is a major
trading centre (UNDP, 2012), which explains why coffee was the most important crop for 13 out of
21 households in the region. In Nwoya, food crops sales and consumption contributed more than
cash crops and this might be due to the absence of a major cash crop, such as coffee, in the region.
Although markets and infrastructure have recovered or improved since the civil conflict in northern
Uganda (which badly affected Nwoya), there is still an absence of a large-scale market for cash crops
like there is in Mount Elgon. Cotton and tobacco were previously major cash crops in Nwoya before
the conflict (JICA, 2012; Dalipagic and Elepu, 2014), but markets for these crops have not fully
recovered and no household in this study reported producing either of them.
All households, regardless of their FA class, sold crop or livestock products, indicating that all
households, whether food inadequate or not, rely to some extent on the market to earn money. This
finding was in line with Frelat et al. (2015) and Ritzema et al. (2017), whose analyses also found that
households begin to sell crops even before they were food adequate. Households might opt to sell
crops to meet other household needs, such as education and healthcare. This is also indicated by the
fact that food crops such as beans or bananas were also sold and were a large contribution to food
availability for households in Rakai and Nwoya. On-farm products are therefore important not only
for food provision, but also as an important source of income.
Off-farm income contributed the most in Mount Elgon, especially for the more than food adequate
households. Frelat et al. (2015) found that the contribution of off-farm income increased with FA
class, with the more than food adequate households obtaining the most from off-farm income. In
this study, the contribution amongst more than food adequate households in Mount Elgon was much
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higher than for households in Rakai and Nwoya in the same FA class. In Rakai off-farm income for
more than food adequate households contributed far less than for food adequate and food
inadequate households. The higher contribution of off-farm income in Mount Elgon could be due to
the regional economy. Tittonell et al. (2010) found that 60% of households in Mbale in Mount Elgon
were engaged in an off-farm activity, with 63% of these households working temporarily or
permanently off-farm or employed (i.e. activities excluding working on other farms). Due to the
presence of good transportation infrastructure, markets and urban centres (Uganda IPC Technical
Working group, 2014) it could be that households in Mount Elgon have more opportunity to engage
in, or earn more from, their off-farm activities. Also, Mount Elgon has a high population density
(Mbale has one of the highest in the country) (Tittonell et al., 2010), with an average household size
of 8.3 members. High population density linked with the proximity to urban areas and small farm
sizes could compel household members to seek (temporary) off-farm employment, which could
explain the high contribution from off-farm income found in this study. In Rakai and Nwoya, it could
be that fewer opportunities for wage employment are present and that households are more likely
to work as day labourers on other farms. The poor development of transportation infrastructure and
markets in Nwoya in particular may have played a role as well.
All of the seven households classified as food inadequate in the normal production results had one or
more livelihoods activities with a 0% contribution to food availability. However, many households
classified as more than food adequate were also very dependent on only one or two livelihoods
activities. Low livelihoods diversity therefore was not a cause of low food availability. One
explanation as to why these seven households were food inadequate could be the low total
household income (irrespective of livelihoods diversity) and/or the low amount of kilocalories
provided by the household’s crop and livestock activities. When these aspects coincided with a large
household size (in adult male equivalent), it resulted in low food availability.

Variability in crop production
Across all FA classes, households displayed sensitivity to production changes to just one crop, while
all other production remained stable. Although the FA class remained unchanged for most
households, some households still experienced noticeably large decreases in their food availability,
highlighting just how important a role one crop could play for these households. Considering the
diversity and complexity of farms in Uganda, the study’s results inform us of how sensitive
households are to crop production fluctuations and the varying degrees of vulnerabilities amongst
farm households. If households face production losses of several key cash or staple crops, this could
have a major negative effect on household food availability, especially if production of multiple crops
decline, which is very likely to happen in Uganda due to climate change. Van Asten et al. (2011)
found that drought-afflicted areas of the east African highlands (i.e. areas with annual rainfall below
1100 mm), which includes Mount Elgon, experience a yield reduction of up to 65% for bananas
compared to wetter areas in the region. The authors pointed out that climate projections of
increased dry spells and rainfall variability in the region could further increase the impact of drought
stress on banana production (ibid.). Adhikari et al. (2015) found that sorghum production could
reduce by 17- 30%, under three scenarios of varying temperature increases. A 30% reduction
translates to -595kg/ha of current production levels (ibid.). Maize yields could also reduce by 7-11%,
while areas suitable for coffee and tea production decline (ibid.). Root crops such as cassava, potato,
and sweet potato might also decline, although results are more variable (Adhikari et al., 2015).
Moreover, soil fertility in Uganda is poor and declining, due to soil erosion and nutrient depletion,
and this will also affect crop production. Nkonya et al. (2005) estimated average annual nutrient
depletion of NPK in Uganda to be 70kg, caused by low nutrient provision amongst farm households,
while Wortmann et al. (1998) found negative nutrient balances in Ugandan farms due to crop
harvesting and soil erosion. Crop production is therefore very likely to decline, as it is affected not
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only by climatic conditions, but by the interactions between climatic conditions, edaphic
characteristics, and farm agricultural practices. With the decline in production of one or more crops,
this in turn will lead to a decline in household food availability and will especially affect food
inadequate households and food adequate households at the lower range.

Household decisions to use coping strategies
Few households applied proactive coping strategies when they anticipated a good or a bad season,
but more households did so for a bad season (39%) than for a good season (28%). Cooper et al.
(2008) found that farmers in Kenya often only mitigated the negative effects of poor seasons; they
underestimated the (frequency of) good seasons and therefore did not exploit the positive
opportunities such good seasons bring. This explains why households in this study increased the
number of actions they took only when they anticipated a bad season. However, the low use of
coping strategies amongst households (for both seasons) could be due to insufficient resources
(labour, land, capital), information on weather forecasts, or agronomic experience (Hisali et al., 2011;
Kristjanson et al., 2012; Pauline et al., 2016). It could also explain why, in the onset of a climaterelated shock, households relied on short-term strategies such as selling livestock or reducing meals.
Risk and uncertainty about future climatic conditions may also have played a role; Kansiime (2012)
found that increased uncertainty of household livelihoods, due to increased climate-related shocks,
may have had a negative influence on farm investment amongst farm households in eastern Uganda.
It could therefore be that households in this study considered the conditions under a good season to
be sufficient enough to not take any risks, even if they could obtain higher yields, because the
investment might be lost when they experienced a climate-related shock. Hence, risk aversion is the
most probable reason for households only adopting minor changes to their farm practices.

Differences in coping strategies
Although the sample size was relatively small, this study goes some way into showing that
households employ different strategies on different crops, which was most visible with coffeeproducing households in Mount Elgon. Households in Mount Elgon showed the greatest diversity of
coping strategies when they anticipated a good or a bad season. The ability for households in Mount
Elgon to use a greater diversity of strategies could be due to the proximity to good roads, markets,
and urban centres as well as the larger household income that could have enabled these households
to purchase inputs. Households in Mount Elgon reported increasing inputs such as fertilisers,
pesticides, and manure in both good and bad seasons, and used them mainly on coffee. As coffee is a
major cash crop in Mount Elgon, this response could be seen as households’ attempts to increase
crop productivity in light of good weather conditions (Kristjanson et al., 2012) or to maintain crop
productivity during bad weather conditions. It might also be the result of the support provided by
previous research projects on coffee production, such as the IITA-Uganda project in the region. Crop
substitution was cited as an action for coffee, which was unexpected as coffee is a perennial and
major cash crop in Mount Elgon and Rakai. It is unlikely that households would remove coffee trees
unless they replaced them with more valuable crops or if they experienced major problems (e.g.
disease or damages). However, it could also indicate a long-term strategy for these households to
diversify away from coffee production if they are already experiencing regular problems with
diseases, damages, and low or declining yields.

Intervention scenarios
The study found that households in Rakai obtained their highest food availability under the DHP
scenario, while households in Nwoya obtained their highest food availability under the good crop
production scenario. Results from the DHP scenario point to the possibility of supporting food
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inadequate households in Rakai with improved dairy livestock activities. Udo et al. (2011) found that
dairy production provided the largest benefits to the household incomes of mixed crop-livestock
farms in east Africa and Asia compared to poultry or other livestock activities. However, in order to
obtain production levels similar to the DHP scenario, households would require relevant
infrastructure, knowledge, and resources, such as livestock feed of sufficient quality and quantity,
water, land (Ritzema et al., 2017), and livestock in good health. The DHP scenario might therefore be
most suitable for households already oriented towards dairy or livestock production or who possess
the resources needed, as these households might be more likely to invest in dairy production. Udo et
al. (2011) also reached the same conclusion in their study.
For households in Nwoya, crop intensification might not result in long-term benefits for food
inadequate households for two reasons. Firstly, as Frelat et al. (2015) and Dixon et al. (2001) showed
in their studies, crop intensification would not benefit the poorest or most food insecure households
without increased market access and cash crop specialisation. Households in Nwoya would therefore
have to develop cash crops (and relevant markets for these crops) and obtain high market prices, but
as cash crops and relevant markets currently do not exist in Nwoya and maintaining high market
prices is not a certainty, it would require extensive and long-term financial and policy support and
agricultural training for this intervention to be possible. Secondly, reliance on crops may be less
feasible due to climate variability and poor and declining soil conditions. Relying on crop production
could therefore expose these households to further vulnerability to climate variability.
Increasing household income appears to be the most promising alternative to on-farm livelihoods
intensification for both regions. Kakota et al (2015) showed that increased household incomes,
especially from non-farm activities, allowed households to save, invest, or diversify away from
agriculture. However, the off-farm income scenarios in this study performed worse than the crop and
livestock scenarios. Household off-farm incomes in Rakai and Nwoya were relatively low, therefore
the three proportional increases had little overall effect on food availability. The ability to benefit
from off-farm livelihood activities depends on proximity to urban areas or markets, or access to
credit to start up a business (Cooper et al., 2008). Many of the poorest households in rural areas are
unable to access credit and they often depend on employment as wage labourers on other people’s
farms. As these jobs are dependent on climatic conditions they could also be affected by climate
variability, which could lead to reduced labour demand during a climate-related shock and the
resulting loss of income. As such, food inadequate households, especially those in more rural areas,
might not benefit from off-farm diversification without government policy support and access to
credit.
The provision of financial credit to households would therefore be a more effective policy for food
inadequate households. In Ritzema et al.’s (2017) study, which applied nine scenarios each
comprising three levels of increased household income, increased crop production, and increased
livestock production, the household income boosts provided the most substantial increases to food
availability compared to the other scenarios. A better policy intervention to support food inadequate
households would therefore appear to be to provide large cash incentives, as done in Ritzema et al.’s
study (ibid), to boost total household income to help households diversify away from agriculture.
This could be as little as USD100 per annum per household, although USD200-400 per annum per
household were shown to have greater effects (ibid.).

Methodological discussion
The food availability indicator was used to explore how climate variability affected household food
availability and coping strategies amongst Ugandan farm households in three regions (Mount Elgon,
Rakai, and Nwoya). This was done by categorising households into three FA classes: FA class 1 (food
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inadequate households), FA class 2 (food adequate households), and FA class 3 (more than food
adequate households). A weakness with the FA class boundaries is that FA classes 1 and 2 have
distinct boundaries, while class 3 has no upper threshold. It is difficult to draw any comparisons
between households that fell in FA class 3 because some of the households’ food availability were
extremely high, as seen in Nwoya, and ranged from 5,000 kcal/AME/day to up to 100,000
kcal/AME/day. A solution would be to split FA class 3 into more classes to account for the wide
variation in values so that households relatively close to the lower levels can be separated from
households with much higher values beyond comparison. This is what Ritzema et al. (2017) did
differently to Frelat et al. (2015).
This study used data from three different IITA-Uganda projects and found that the surveys used for
these projects relied on different calculation methods. For example, the RhoMIS survey tool uses
proportional values to calculate consumption, sales, and off-farm income (e.g. if half of the crop is
sold this is reported as 50% crop sales) whilst the ImpactLite used total values in kg (e.g. crop sales is
50kg out of a total production of 100kg). As the survey techniques and tools that were used differed
between the three regions, it could be that some crop production or other livelihood activities were
better captured in one region than in another; for example, farm households in Mount Elgon typically
reported crop production for four crops (coffee, banana, maize, and beans), with only one or two
citing five or more crops. In contrast, households in Nwoya cited an average of six crops, with a
number of households reporting crop production for 8-10 crops. Furthermore, relying on farmerreported crop production, as in this study, proved challenging due to poor data collection and
recollection amongst farm households.
Thus there also may be methodological reasons that explain the better performance of households in
Nwoya. Cross-country, large-scale analyses that rely on farmer-reported data of the type conducted
by Frelat et al. (2015) and Ritzema et al. (2017) pose methodological questions regarding the validity
of data when different survey and interviewing techniques and farmers’ data are used. As a
harmonised approach to calculating and scoring household food security currently does not exist, the
food availability indicator could be improved by developing tools for cross-validation of farmerreported data. It is also important to harmonise survey techniques, such as the rural household
multi-indicator survey proposed by Hammond et al. (2015), so that cross-country or large analyses on
food security can reach more authoritative conclusions.

Limitations
There were three limitations of this study which may have resulted in an over-estimation of
household food availability. Firstly, while three different crop production levels were used, the same
prices for crop products sold were used throughout. Crop prices would change depending on
availability of a crop in the market; when supply is low, prices usually rise, and vice versa. However,
as the good/bad production levels in this study were not based on a particular year, it was not
possible to know if prices had changed for that crop, and to what extent. The study therefore
assumed that prices remained stable regardless of market supply.
Secondly, the study also used the crop production values reported in the baseline surveys for normal
production levels; however, the year of the baseline surveys may not have been a 'normal' year. This
assumption may also have over/under-estimated the degree of crop production variability between
normal and good or bad production levels reported in the study. Finally, the study assumed that all
crop production was either sold or consumed. Post-harvest crop losses and storage were not
included, although they are important aspects of agricultural production in Uganda. The FA approach
could be improved by incorporating these other aspects into its framework.
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Conclusions
The study sought to understand how climate variability effects food availability and coping strategies
amongst 61 households in three regions in Uganda: Mount Elgon, Rakai, and Nwoya. Households’
most important crop production varied strongly and food availability was very sensitive to fluctuating
crop production levels. This indicated that households were vulnerable to fluctuations of even one
crop. However, the degree of vulnerability differed; food inadequate households (FA class 1) were
the most vulnerable, as some of these households were unable to become food adequate even at
the higher level of crop production. More than food adequate households (FA class 3) were the least
vulnerable, while food adequate households (FA class 2), especially those at the lower range, were at
risk of becoming food inadequate when their crop production fell. Although households currently
used coping strategies, both as an immediate response to an ongoing climate-related shock and in
anticipation of future climatic conditions, these measures are mostly short-term, highlighting that
households only mitigate, rather than adapt to, the effects of climate variability. Furthermore, few
households applied a coping strategy to all of their crops.
The findings from this study raise several policy implications. As yields of Africa’s key cash and staple
crops are projected to decline with ongoing climate change, it is clear that food provision of the most
vulnerable and at-risk households would be affected unless they adapt and/or diversify away from
agriculture. One measure to reduce the constraints these households currently face would be to
boost household incomes, and extensive research showed that this measure would benefit food
insecure and vulnerable households most. An income boost would positively affect household food
security; households could use the additional income to diversify their livelihoods, for example, to
specialise in livestock, which was shown in this study to benefit food inadequate households in Rakai,
or to move out of agriculture altogether and into non-farm employment, which could be a more
suitable option for households in Nwoya. However, on-farm crop and livestock production are
important livelihood activities for Uganda’s households, and will continue to be in the near future;
policies should therefore also aim to maintain on-farm production by supporting climate change
adaptation to reduce the wide levels of yield variability and limit yield losses where possible.
Boosting household incomes could also support coping and adaptation strategies, by providing
money to invest in adaptation, sustainable intensification, or insurance to cope during a climaterelated shock, which would reduce the need for households to sell their valuable assets (e.g. cattle).
Governments and development organisations could establish credit systems that target specific
households, based on needs and degree of vulnerability, and ensure additional support with
climate/weather information and extension services. As households in this study applied coping
strategies by crop, policy interventions need to first understand the importance and role of different
crops in farm households’ decisions on coping and adaptation strategies. This would better capture
the diversity of actions that households take and could better support household-specific adaptation,
or more widely-applicable strategies (e.g. soil and water conservation measures). Hence, future
research could look into crop-specific coping strategies. Also, additional studies on food availability
using different production levels of multiple cash and staple crops, and possibly livestock production,
based on climate change projections, would shed more light on household vulnerability to climate
change and variability.
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Appendices
Appendix I: Calculations for food availability
Crop weight

All crops produced and reported by the farm household were taken into account for the FA calculations.
Crop production, sales, and consumption were reported directly by the household.
Crop production reported by households in Nwoya and Rakai for 2016 were provided in kg. Total reported
production was converted directly into kcal/kg. This could lead to an over-estimation of total energy or
crop sales as dry weight was not used. For Mount Elgon, sales and consumption were provided per fresh
or dry weight, also in kg. However, to remain consistent and be able to compare all three regions, fresh
weight values were not converted into dry weight; instead the two figures were summed without
conversion to give total sales and consumption per crop.

Crop
consumption
and sales

For household interviews in Nwoya and Rakai in 2017, households reported yield by local weight, e.g.
sacks or tins. To convert weight into kg, unless otherwise stated, a standard weight was applied:
1 sack: 50kg
1 tin: 20kg
1 basin: 10kg
1 bunch of bananas: 8kg
1 box/other 80kg
It is assumed that crops sold + crops consumed = total production, all presented in kg. No losses or other
activities (e.g. storage, barter, or gifting) were accounted for in this study. Total consumption was
calculated as the total value (in kg) remaining after sales (consumption = total production – sales).
For Rakai and Nwoya households from the 2017 surveys (the additional households used in the
interventions scenarios), proportional rates of consumption were used, where households indicated
roughly how much of the crop was consumed. The proportions are as follows:
Under half
Half
Most
All

0.25
0.5
0.75
0.95

The remaining unconsumed amount was marked as sold.
Crop
conversion
into kcal
Crop prices

Exchange
rate from
USH to USD
Staple crop
(maize)
Most
important
crop

Total crop consumption and sales were presented in kg and converted into kcal, using values indicated in
Appendix II.
To calculate total income from crop sales, median values were calculated per crop for each region using
each household’s reported price (per kg of product sold) stated in the baseline surveys. This provided a
larger sample size to obtain the price. The same price per kg per product was used to calculate FA using
the three production levels. Median prices per crop per region were then applied to all households
growing the crop in the respective region; this was done to avoid the large variations in prices reported by
each household.
For Mount Elgon, three districts (Mbale, Bulambuli, and neighbouring Kapchorwa) were selected to
calculate median prices from a larger project dataset. Also, for Mount Elgon, median fresh and dry weight
prices were calculated separately and then total sales figures summed to provide total income per crop.
Cash crops were assumed to be any crop where at least 90% of the crop was sold. Crop variety/species
was not captured in this study.
The conversion rate (USH to USD) at the time of the baseline study/interviews was used for each region
and was used to calculate the monetary values of food availability (e.g. total household cash available
used to purchase the staple crop).
The median price per region for the staple crop (maize) was used to calculate the amount of maize that
could be purchased from the total household cash available. For Mount Elgon, this was the median value
between fresh and dry maize prices.
The most important crop was selected after having obtained the food availability using normal production
levels and results of the total relative contribution of each crop, livestock, and other livelihood activities to
food availability. The most important crop was the crop that provided the highest contribution (as a
percentage). This crop was selected (see Appendix VIII on crop production). There were three households
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Livestock
weight

Milk and
eggs

Livestock
consumption
and sales

Livestock
conversion
into kcal
Livestock
prices

Off-farm
income

for which the most important crop (which was cassava for all three households) was substituted with the
second most important crop (which was the crop that provided the second-highest contribution to food
availability using normal production levels), because no variability in crop production data were available
for this crop. The difference in contribution between the first and second most important crops was
between 2% and 3%.
Median sales prices for Rakai were calculated using values from all households interviewed in the baseline
surveys. For Nwoya, data were provided from the 2016 interviews conducted by Wichern and local
measurements converted into kg using conversion rates from FAOSTAT (2012) and FAO (2009) on local
animal breeds and weights. The proportion of edible carcass weight per animal was calculated using
figures from FAOSTAT (2012) and FAO (2009).
For Rakai and Nwoya data, milk production was provided in litres and converted into kg (1l = 1.03kg). Egg
production was given as the total number of eggs per year.
For the new households from Rakai and Nwoya used in the intervention scenarios, milk and egg
production values were given for a good year and a bad year only. To calculate ‘normal’ production values,
the average value between the good and bad years was taken. For these households, as there were data
on milk and egg production for a good year, the ‘good production’ intervention scenario also included the
higher milk and egg production values.
The same methodology as for crop consumption and sales was used. Livestock sales and consumption for
Rakai were taken from the baseline survey (all in kg values); data for Nwoya were provided by Wichern in
interviews conducted in 2016. For Mount Elgon, no detailed information on livestock holdings, sales, or
consumption was available from the baseline survey; only total livestock income was provided. As such, it
was not possible to calculate livestock consumption or median prices due to limited data. Instead, the
reported figures for total income were applied directly to the FA calculations. To assess the effect of
having limited data on livestock activities for Mount Elgon households, a comparison with the other two
regions was made.
For Rakai and Nwoya households from the 2017 surveys (the additional households used in the
interventions scenarios), the same methodology as for crop consumption and sales apply.
The same methodology as for crop conversion was used.
The same methodology as for crop prices was used. Prices for Mount Elgon and Rakai calculated using
median value of all prices reported by farm households per animal product per region. Median livestock
prices for Nwoya were taken from Wichern (2016), using data from the Uganda Living Standards
Measurements Study (Northern region) in the year of the baseline survey (2014), Infotrade in December
2014, and Wichern (2016). Median prices for rabbit and fish meat were taken directly from households’
reported prices as no data could be found from other sources for these products and only one household
per animal reported any sales or consumption of these products.
For Rakai and Mount Elgon off-farm income reported in the baseline surveys were used; for Nwoya, offfarm income reported in the 2016 interviews conducted by Wichern were used.
For Rakai and Nwoya households from the 2017 surveys (the additional households used in the
interventions scenarios), off-farm income was reported as a proportion relative to total household
income. The conversion factor (see the table in the crop consumption and sales information in Appendix I)
was used to calculate off-farm income for these households, e.g. if off-farm income represented 0.25 of a
total household income of 100 USD, this would be 25 USD.
For all data: It is assumed that off-farm income remains relatively stable over different years; therefore,
the same income was applied for FA calculations for normal, good, and bad production levels.

Appendix II: Crop energy (in kcal) and prices per product and region used to calculate food
availability
Banana

890

Median price/kg
Mount Elgon (USH)
154

Beans

3410

406

1000

1000

Carrot

410

308

112.5

200

Crop

Cassava

Energy
(kcal)/kg

1600

Median price/kg
Rakai (USH)
117

Median price/kg
Nwoya (USH)
533

51

Coffee

1125

0

1000
228

1444

800

402

Groundnut

5670

Maize

3650

Millet

3780

800

Pigeon pea

3430

1250

Potato

400

121

580

Rice

374

3600

Shrub tree

1000
875

666

0

3333

Sesame

5730

Sorghum

3390

Soya bean

1470

1000

Sunflower

0

890

Sweet potato

970

Tomato

210

Vegetables, other

720

269

8333

400

438

480

208

366

2666

667

Appendix III: Livestock energy (in kcal) and prices per product and region used to calculate
food availability

Animal product

Energy
(kcal)/kg

Carcass
size, kg

Price/kg
Mount Elgon
(USH)

Price/kg
Rakai (USH)

Cattle meat, kg

2197

Cattle, milk, kg
Cattle,
wholesale

597

500

500

0

81250

312500

Chicken eggs
Chicken meat,
kg
Chicken,
wholesale

516

300

220

3000

7500

15000

7250

1290

128.355

Price/kg
Nwoya
(USH)

0.784

0

8330

Fish meat, kg

1280

0.75

103

Goat meat, kg
Goats,
wholesale

1075

9.36

4000

Honey

3038

Pig meat, kg

3869

Pig, wholesale
Pigeon meat, kg
Poultry_oth
eggs
Poultry_oth
meat, kg

0

40000

Source
Cattle breed (east African zebu)
and weight from FAOSTAT
(2012).

FAO (2009)

Fish weight from one farm
household interview in Nwoya.
As only one farm household
reported fish production, this
household’s figures was used.
small east African goat breed.
Carcass weight from FAOSTAT
(2012).

39000
3600

60

0

8500

8500

5833

22500

FAOSTAT (2012)
Female hen as proxy (cf. chicken
meat)

1.4
1853

300

220

1075

3000

7500
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Poultry_oth,
wholesale
Rabbit meat, kg
Rabbit,
wholesale

Sheep meat, kg
Sheep,
wholesale

0

15000

2060

7250

2.24

0

FAOSTAT (2012).

3750

1075

most common sheep breed in
Uganda/East Africa selected.
Average weights from FAO (Small
ruminant production and the
small ruminant genetic resource
in tropical Africa)

14

0

47500

Appendix IV: Energy requirements per household member
An adult male (aged 18-30) is the reference population, with a daily energy requirement of 2,500 kcal. To determine the
daily energy requirement for other population groups (according to age and sex), an adult male equivalent (AME) ratio was
calculated. The coefficient value (as a fraction of 1 AME) was calculated. Household AME ratios were calculated using
household size and composition information reported in the baseline survey data. For households from Nwoya and Rakai,
the data included age and/or date of birth and sex. Coefficient 1, taken from Wichern (2016) for each age and sex category,
was applied to these households.
For Mount Elgon and households in Nwoya and Rakai from the 2017 survey, only ages bracket (e.g. 0-15, 15-35, etc.) were
provided, with sex was omitted for household members below a certain age. As the age brackets used in the surveys
differed, the study separately calculated different coefficient values (Coefficient 1, 2 and 3) to reflect this. The mean AME
value of the relevant age brackets found in Coefficient 1 were used to calculate the new coefficients.
Category

AME ratio applied
(Nwoya and Rakai)
Age bracket

Male

Female

0-3
3-5
5-7
7-10
10-12
12-14
14-17
17-30
30-59
60+
0-3
3-5
5-7
7-10
10-12
12-14
14-17
17-30
30-59
60+

Coefficient 1
0.35
0.48
0.57
0.67
0.70
0.76
0.87
1
0.95
0.73
0.35
0.48
0.57
0.67
0.70
0.76
0.87
0.78
0.72
0.62

AME ratio applied
(Mount Elgon only)
Age bracket

Coefficient 2

AME ratio applied
(Nwoya additional
households)
Age bracket
Coefficient 3

0-15
15-35
35-65
65+

0.588
0.880
0.835
0.785

0-4
4-10
11-24
25-50
50+

0.42
0.57
0.83
0.98
0.84

0-15
15-35
35-65
65+

0.588
0.880
0.835
0.785

0-4
4-10
11-24
25-50
50+

0.42
0.57
0.78
0.75
0.67

Appendix V: Variability in crop production per crop and region from normal production
levels
Mount Elgon
53

Good production
(as a factor of normal
production)

Bad production
(as a factor of normal
production)

Crop

# of households
that reported a
value

Median

Standard dev.

Median

Standard
dev.

Banana

3

2.00

0.00

0.50

0.28

Beans

9

1.60

0.37

0.50

0.16

Coffee

21

1.60

0.46

0.58

0.21

Groundnut

1

1.50

NA

0.75

NA

Maize

14

1.58

0.32

0.45

0.16

Onion
Tomato

2
1

1.63
1.60

0.05
NA

0.47
0.40

0.19
NA

Rakai
Good production
(as a factor of normal
production)

Bad production
(as a factor of normal
production)

Crop

# of households
that reported a
value

Median

Standard dev.

Median

Standard
dev.

Banana

11

1.75

0.90

0.50

0.31

Beans

6

1.33

0.20

0.40

0.14

Coffee

16

1.38

0.41

0.50

0.21

Maize

17

1.57

0.38

0.54

0.35

Potato

3

1.50

0.40

0.55

0.15

Tomato

2

1.46

0.29

0.71

0.14

Nwoya
Good production
(as a factor of normal
production)

Bad production
(as a factor of normal
production)

Crop

# of households
that reported a
value

Median

Standard dev.

Median

Standard
dev.

Banana

2

1.00

0.00

0.38

0.18

Beans

8

1.85

0.25

0.32

0.22

Cassava

11

1.50

1.23

0.50

0.33

Groundnut

9

2.14

0.58

0.30

0.14

Maize

3

1.25

0.45

0.88

0.13

Millet

3

1.71

0.10

0.40

0.14

Rice

8

1.81

0.34

0.43

0.15

Sesame

4

1.72

0.21

0.44

0.07

Sorghum

1

1.50

NA

0.50

NA

Soya bean

4

1.67

0.41

0.70

0.04

Tomato
Water
melon

1
1

1.76

NA

0.24

NA

1.54

NA

0.46

NA
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Appendix VI: Interview questions on crop production and coping strategies
Crop production of the three most important crops per farm household:
1. Three most important crops (one by one):
2. Other:
3. Yield in normal year/season:
4. Unit of yield (e.g. kg/acre):
5. Yield in good year/season:
6. Yield in bad year/season:
7. Comments grp_9a
Reactive strategies:
1.

Which climate-related shocks did you experience that impacted your farming in the past 5 years?

2.

Other:

3.

Do you remember a particular year when you suffered from climate-related shocks?

4.

In which season of that year was that?

5.

Which climate-related shock(s) did occur then?

6.

Which crops/livestock were affected?

7.

If other, specify:

8.

What were the damages?

9.

If other, specify:

10. What immediate actions did your household take against the damages?
11. If assets, specify:
12. If other, specify:
Proactive strategies:
13. What do you do with the crop and/or its area if you think it will become a GOOD year?
14. Other:
15. Comments (e.g. substitute with which crop):
16. What do you do with the crop and/or its area if you think it will become a BAD year?
17. Other:
18. Comments (e.g. substitute with which crop):

Appendix VII: Proactive coping strategies and categories
Individual actions reported by the farm households and the study’s categorisation of actions.
Category 0: No measures taken

Category 3: Changes in crop input

Business as usual
No information available
Other/no specific action
Rely on other crops for food
Category 1: Changes in crop management
Weed more
Weed less
Plant/harvest earlier
Plant/harvest later
Protect from damage
Increase labour for crop/field
Decrease labour for crop/field
Prune
Conserve water in field
Category 2: Changes in crop area/type
Plant more (area) of the crop
Plant less (area) of the crop
Plant a more resistant variety

Increase use of fertiliser
Decrease use of fertiliser
Spray (more) pesticide
Spray less pesticide
Introduce fertiliser
Apply manure
Stop manure application
Category 4: Changes in non-crop activities
Sell livestock/rely on livestock activities
Increase off-farm activities (e.g. sell labour to other farms)
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Substitute with other crop
Use better seeds
Leave area under fallow

Appendix VIII: Crop production data for the most important crop for the three production
levels
Households in dark grey were dropped from the study
Region
Mount
Elgon
Mount
Elgon
Mount
Elgon
Mount
Elgon
Mount
Elgon
Mount
Elgon
Mount
Elgon
Mount
Elgon
Mount
Elgon
Mount
Elgon
Mount
Elgon
Mount
Elgon
Mount
Elgon
Mount
Elgon
Mount
Elgon
Mount
Elgon
Mount
Elgon
Mount
Elgon
Mount
Elgon
Mount
Elgon
Mount
Elgon
Mount
Elgon
Rakai

Household
#

Most
important
crop

Crop
contribution
to normal
production FA

Normal
production
(kg)

Good
production
(kg)

Percentage
change

Bad
production
(kg)

Percentage
change

2†

Maize

36%

510

1,020

100%

102

-80%

3

Coffee

71%

140

300

214%

100

-71%

6

Coffee

48%

2,400

3,323

38%

1,662

-31%

7

Coffee

10%

400

1,000

150%

200

-50%

8

Coffee

41%

1,245

1,556

25%

623

-50%

9†

Coffee

37%

560

1,120

100%

373

-33%

10

Coffee

52%

1,525

2,440

60%

915

-40%

11

Coffee

29%

1,475

2,950

100%

590

-60%

12

Coffee

35%

360

720

100%

360

0%

13

Maize

27%

1,500

3,000

100%

450

-70%

14

Coffee

36%

3,200

4,267

33%

1,067

-67%

15†

Coffee

55%

540

900

67%

315

-42%

16

Banana*

9%

660

1,320

100%

330

-50%

17

Coffee

5%

400

571

43%

171

-57%

18

Banana*

6%

2,958

5,916

100%

1,479

-50%

19†

Maize*

37%

351

556

58%

158

-55%

20

Maize

8%

234

401

71%

134

-43%

21

Coffee

22%

500

750

50%

188

-63%

22

Cassava

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

23†

Maize

42%

770

1,078

40%

154

-80%

24

Beans*

8%

861

1,378

60%

431

-50%

25

Coffee

6%

200

267

33%

67

-67%

26

Maize

36%

1,000

2,000

100%

-

-100%
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Rakai

27

Maize

49%

2,500

3,750

50%

1,667

-33%

Rakai

28

Cassava

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

Rakai

29

Maize

34%

1,000

2,188

119%

500

-50%

Rakai

30

Coffee

91%

10,000

13,333

33%

6,667

-33%

Rakai

31

Maize

14%

320

448

40%

192

-40%

Rakai

32

Coffee

52%

300

375

25%

225

-25%

Rakai

33

Coffee

27%

160

360

125%

-

-100%

Rakai

34

Coffee

76%

5,500

6,417

17%

3,850

-30%

Rakai

35

Coffee

52%

4,000

5,333

33%

2,333

-42%

Rakai

36

Beans

30%

420

525

25%

210

-50%

Rakai

37

Maize

35%

4,200

6,600

57%

1,800

-57%

Rakai
Rakai

38†
39

Maize
Maize

30%
32%

364
1,040

455
1,300

25%
25%

61
260

-83%
-75%

Rakai

40†

Beans

37%

1,250

1,750

40%

500

-60%

Rakai
Rakai

41
42

Cassava
Beans

n.d.
20%

n.d.
300

n.d.
400

n.d.
33%

n.d.
100

n.d.
-67%

Rakai

43†

Coffee

40%

180

334

86%

26

-86%

Rakai

44

Maize*

61%

1,700

2,671

57%

918

-46%

Rakai

45

Coffee

38%

500

714

43%

214

-57%

Rakai

46

Coffee**

31%

1,000

1,381

38%

500

-50%

Rakai

47†

Maize

82%

938

1,173

25%

645

-31%

Rakai
Nwoya
Nwoya
Nwoya

48
50†
51
53

Beans***
Groundnut*
Groundnut*
Sweet potato

14%
27%
4%
n.d.

200
300
60
n.d.

267
643
129
n.d.

33%
114%
114%
n.d.

80
90
18
n.d.

-60%
-70%
-70%
n.d.

Nwoya

54†

Groundnut*

29%

150

321

114%

45

-70%

Nwoya
Nwoya
Nwoya
Nwoya
Nwoya

55
56
57
58
59

Groundnut
Groundnut
Beans*
Sesame
Tomato*

6%
14%
19%
25%
33%

555
315
600
935
1,400

1,189
675
1,110
1,610
2,471

114%
114%
85%
72%
76%

167
95
193
413
329

-70%
-70%
-68%
-56%
-76%

Nwoya

60

Groundnut*

46%

780

1,671

114%

234

-70%

Nwoya

61

Groundnut

17%

900

2,070

130%

450

-50%

Nwoya

62

NA

NA

NA

NA

NA

NA

NA

Nwoya

63

Maize

30%

2,160

2,160

0%

2,160

0%

Nwoya
Nwoya
Nwoya

64
65
66†

Sweet potato
Rice*
Groundnut

n.d.
21%
37%

n.d.
11,180
405

n.d.
20,226
423

n.d.
81%
4%

n.d.
4,791
121

n.d.
-57%
-70%

Nwoya

67

Sesame*

26%

240

413

72%

106

-56%

Nwoya

68

Groundnut

32%

1,980

3,960

100%

792

-60%

57

Nwoya

69

Groundnut

34%

1,485

4,785

222%

330

-78%

Nwoya

70

Groundnut

45%

585

1,170

100%

176

-70%

Nwoya
71
Sesame
12%
240
413
72%
106
-56%
Nwoya
72†
Groundnut
26%
225
540
140%
38
-83%
* No farmer-reported variability in crop production values provided for crop. The median variability ratio for the region was
used as a proxy.
** The most important crop is cassava. Coffee is second most important (with a crop contribution 2% lower than cassava)
and was used for this study.
*** most important crop is cassava. Beans are second most important (with a crop contribution 3% lower than cassava) and
was used for this study.
† Household moved down one FA class when bad production data were used.
† Household moved up one FA class when good production levels were used.

Appendix IX: Number of actions by region and number of crops
Region

# of
households
that took no
actions for
any cited crop

Good season
# of households
that took action
on all or most of
their cited crops
(>70%)

# of households
that took action
on less than half
their cited crops
(<50%)

Mount
Elgon
Rakai
Nwoya
Total

9

8

4

# of
households
that took no
actions for
any cited
crop
2

12
12
33

5
2
15

4
5
13

9
11
22

Bad season
# of households
that took action
on all or most of
their cited crops
(>70%)

# of households
that took action
on less than half
their cited crops
(<50%)

11

8

8
3
22

4
5
17

58

